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How can | determine when a meeting contribution document (TDoc)
became publicly available?

TDoc numbers start to be allocated some weeks before a 3GPP meeting,
and the authors then create them and they or the group’ s secretary
uploads them to the public file server as soon as possible. Some may
have been distributed to the group’s members in draft form for
review, using the email exploder, in advance of the final one
becoming available, and for some groups, it is normal to distribute
even the final TDoc via the exploder, where the secretary picks it
up and copies it to the public server. Typically, at the start of a
meeting, around 50% of the TDocs are available.

This distribution on the group’ s email exploder is important,
because once that happens, the document is effectively in the public
domain, since membership of the exploder is open to all and is

unpol iced.

During the meeting, further TDocs are created, mostly revisions of
ones available before the meeting, but probably some brand new ones
too — for example, outgoing liaison statements. These are uploaded
to the meeting server, but (until recently) may or may not be
uploaded to the public server during the meeting. (Since 2014, for
most meetings, meeting server contents have been mirrored to a
folder on the public server, but these copies are deleted shortly
after the end of the meeting.)

Soon after the end of the meeting — same day, or at worst within a
few days — the TDocs created during the meeting are uploaded by the
secretary to the public server. Occasionally, some matters from the
meeting cannot be resolved until| maybe one week later, and these
might result in some very late TDocs which are produced well after
the end of the meeting, and thus uploaded onto the public server
correspondingly late.

When the secretary copies from the meeting server (or from his own
PC) to the public server, he may opt to only copy the missing files
(i.e. the new ones), which is the best approach; or he may decide to
overwrite everything and thus do a complete refresh of the files on
the public server, which will now get an upload date/time-stamp of



the new upload. This latter approach is now deprecated but has
sometimes happened; you can detect this most easily when a meeting
shows the same date/time-stamp for all TDoc files

In cases such as this, one has to descend to greater subterfuge to
narrow down the likely “public availability” moment. The zip file
for a TDoc typically contains a Word file which has a particular
date/time-stamp, which puts an absolute |imit on the earliest moment
that the TDoc could have become available in that form.

Searching the group’s email exploder archive (http://list.etsi.org
/scripts/wa. exe? INDEX) on or about the suspected production date
gleaned from the file date/time—-stamp may well reveal the message in
which the TDoc was first distributed, or perhaps the message by
which the group’ s secretary announced that it was available on the
server. Note however that this technique does not reveal any earlier
versions of the TDoc which might have been circulated, either as
draft versions of the identified TDoc or as other Tdocs which were
ultimately revised into the actual TDoc of interest. In order to
identify this latter case, it is necessary to refer to the official
secretary’ s report of the meeting, where the train of revisions will
be evident. ]
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s it possible to determine the date and time of publication of a
particular version of a 3GPP Spec?

During the drafting phase (versions lower than 3.0.0), 3GPP TSs and
TRs (“Specs”) are under the control of their authors (“rapporteurs”)
and are handled |ike normal meeting contributions (see above).
Revised versions incorporating text agreed by the responsible
working group are often made available by the rapporteur via the
group’ s email exploder shortly after the end of the meeting at which
such text was discussed. Again, consultation of the exploder
archives can reveal this. Alternatively, a revised draft may be sent
directly to the 3GPP Support Team, and it will be uploaded to the
public file server (specs archive directory) shortly afterwards
Again, the time stamp of the Zip file can be relied upon to indicate
when the upload occurred.

After formal approval by the TSG (versions 3.0.0 or greater), Specs
are edited only by the Support Team. The first approved version is
based upon the draft version formally approved by the TSG, and
thereafter versions are generated whenever Change Requests are
approved by the TSG. These versions are made available shortly after
the TSG meeting at which such approval occurred. The date (year and
month) shown at the top of the Spec’s cover page indicates either
the date of (the last day of) the meeting, or the month in which the
new version was prepared. However a more precise indication of the
date of availability can be obtained from the Spec’s web page (via
the table at http://www. 3gpp. org/specifications/) where a precise
date is shown in the “available” column.

More information on the procedures relating to Spec handing can be
found in 3GPP TR 21.900.

Note that, in accordance with the statement at the foot of the cover
page of all 3GPP Specs, 3GPP does not “publish” its Specs per se.
Formal publication is the responsibility of the individual Standards
Development Organizations which comprise the Organizational Partners
of 3GPP. For further information, see http://www. 3gpp.org
/specifications/63-official-publications. J
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2.1 Beamforming Operation-

Transmitter side beamforming can provide significant gams as shown m [4], [3] when channel knowledge 1s available at
the transmitter. For single-layer beamforming the transmission happens along the eigenvector of the chammel
covanance matnx comesponding to the largest eigenvalue. Capacity gains are obtamed by mmproving received SINR m
this case.«

In a MIMO setup, eigen-beamforming can be apphed by transmitting along the eigenvectors comesponding to largest
eigenvalues, hence providing beamforming and nuiltiplexing gains. Rank selection and CQI computation can be done
assuming these vectors are the transmitted beams. +

Finally. mn scenanos where the knowledge of the chammel at the tranamitter is not complete or 1s partial, one can use
pseudo-eigen beamforming for transmission of multiple streams +

¢ In pseudo-eigen beamfomming, the beamforming vectors are constructed based on the kmowledge about the
direction of the channel For part of the chamel that 1s not observable, one can assume random directions in
the subspace orthogonalto the known eigen-directions. +

¢ As an exanple consider an 8Tx, 2Rx setup in downlink. Suppose that the eNodeB has knowledge of the
channel to one of the Rx antennas at the UE (through SRS transmission) and is provided with quantized
channel mformation for another Rx antenna. The NodeB can then uses the eigenvectors comespondmng to the
channel to these two receive antennas asthe beam directions. +

*  As another example suppose that eNodeB has knowledge of channel to only one of the Rx antennas. In this
case, eNodeB can transmit in the direction of the chammel to this recerver antenna and a random beam direction
orthogoml to the former direction. Random beams used can be different across frequency and time to provide

¢ The transmission and feedbadk m this case can be aligned by UE following similar beamforming construction
m computingrank and CQI .«
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2.2 Channel Knowledge at UE and eNodeB-

Let us first define two notations that are used frequently in this document. Let N_BF be the number of antennas used
for beamfomrming. Also define N RS as the number of RS ports for which the user can obtain estimate of the charmel
from the transmitter for CQI/RI and possibly PMI computation .«

|

-

The feedback mechanism design depends on the knowledge available atthe UE and eNodeB regarding the DL channel:+

1. Channel nowledge at UE: Release 8 LTE CRS can provide channel estimate for at most 4 antenna ports. It is
probable that the mimber of antermas used for beamforming (N_BF) 1s greater than the mumber of CRS ports.
In this case UE feedback can be based only on the charmels observed from the N RS antenna ports and can not
capture the beamforming gams fully. This will affect the perfommance of dual-stream beamforming for FDD
andpossibly m TDD systems. +

Release 8 LTE CRS ports are used for both demodulation and feedback purposes. By introducing a feedback
RS with low duty cycle, different UEs can obtain knowledge of chammel for feedback purposes. The overhead
of such a reference signal is very small. Having such a RS structure will provide beamforming gams from all
the transmit antennas (and not only the antenna ports that are used for RS transmission) for both FDD and
TDD systems.«

[®]

Channel kmowledge at eNodeB: In TDD systems, because of the reciprocity of the DL and UL channel,
eNodeB may be able to acquire estimate of the channel in the DL through sounding reference signal (SRS)
transmissions n the UL. However, m cases where the number of transmit antennas at UE for UL 1s not equal
to the Rx antenmas m DL. eNodeB may have partial knowledge of the DL channel to some particular Rx
artennas at UE. We refer to this case as “partial chammel reciprocity” and address the operation in such a
scenario as well. We should note that, in Release 8 LTE, anterma swatching SRS transmission at UL is
possible. However, it 1s not a mandatory feature and may be undesirable m some UE mmplementations, e.g.
because of msertion loss mtroduced by a switch. Due to antenna swatching, eNodeB can obtam knowledge of
the DL channel forall the Rx antennasat the UE. «

The following modes of operation are categonzed based onthe type of feedbackreported by the UE. ¢
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2.3 Closed-loop mode:-

In closed-loop operation, UE wall compute CQI, rank and preferred precoding vectors based on the chammel estimate
obtamed from the available N_RS ports and feedbadks the values to the eNodeB. gNodeB will transmit to the UE using
the reported precoding vectors and based onthe reported CQI andrank .«

Such a scheme 1s apphcable to both FDD and TDD. The operation in this case is not affected by the asynmmmetnc
configuration of Tx/Rx antennas at UE and possible calibration mismatches in TX/RX chams as the transmission is
along the precoding vectors reported by the UE.+

The following mechanismsneedto be provided for enabling close-loop operation:+
¢ Precoding design forhigher number of transmit antennas at eNodeB. ¢
¢ Signaling and feedback ofrank and preferred precodng matnces.+

Also, we should note that if N_RSis lessthan N_BF, the beamfomming gams obtained by such operation will be limited.
Therefore, using Release 8§ CRS for feedback purposes in this scenano can reduce the gains obtamed by beamforming.
The loss associated with such initations needsto be studied finther.+

An altemative would be providing a low duty cycle channel state mformation RS (CSI-RS) for the N_BF antennas that
are used only for measurement and reporting (and not demedulation); the overhead comresponding to such feedback RS

can be very small. Therefore, it is worthwhile to consider mtroducing low duty cycle CSI-RS for feedback purposes m
Release 9, similar to CSI-RS envisioned for ligher order MIMO and coordinated transmissionin Release 10+
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2.4 Open-loop mode:«

In this scenano, UE wall not provide any mformation about the channel directionality and only reports CQI and possibly
rank +

In FDD mode, CQI and rank computation at the UE can be based on a set of predefined precoding matrnces. Both UE
and NodeB can agree on a precoding operation (1.e., large delay CDD, beam-sweeping) that will be apphed
trangmission. CQI and ank computation can be based on this knowledge to avoid large rate prediction mismatch. UE
will report the computed CQI andrank to eNodeB.«

In TDD mode, the following scenanos canbe considered:+

1. UE reports only COJ assuming transmission mode 7 of Release 8 to partially capture interference. eNadeB will
select the rank and adjust the CQI for differentlayers based on the channelknowledge andthereported CQI.

2. Iffull channelreciprocity 1s assumed at the transmitter, the following options canbe considered:+

a. Iffeedbadk RS for all the antermas is present (1.e., N RS=N_BF), UE can perform CQI rank selection
assuming eigen-beamforming applied to the charmel Note that the computation of rank and CQI in
this case can take into account the mterference structure at the receiver as well as the beamforming
gains from all the antennas. The UE will report the computed CQI and rank to the eNodeB. In this
scenaxio there is no need for tIamnli<<ion of the precuder mformation, as long as CQI computation at

beamfomung gam due to a transmission from ‘J_BF antennas as opposed to N_RS that the repon 18
basedon+

3. If“partial channelreciprocity™ is applicable the following options canbe considered:+
a. UE cancompute CQI andrank assuming one ofthe following two operations:+
1. It assumesunprecoded channelin computation ofthe rank and CQI. «

. It assumes pseudo-eigen beamforming m computation of the rank and CQI. In this case, UE
will use channel estimates for the Rx antennas that comresponds to SRS transmission n the
uphnk and assume random beam orthogonal to those channels for other layers. The rank and
CQI computation will be based on such a beamformmng structure +

b. eNodeB will use pseudo-eigen beamfonming m formmg the beam directions. It will use CQI and rank

reported by UE to transmit along the directions obtamed «
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«25 Partial feedback mode:«

In this case, the UE will provide partial indication of the channel directionality it has observed along with CQI and rank
mformation. This mformation can be part of the preferred precoding matnx m FDD case or can be a quantized version
ofthe channel seen fromthe Rx antennas forwhich SRS transmussion does not happenin UL .«

In FDD, a UE can compute CQI and rank based on pseudo-eigen beamfoming scheme. For rank 2, UE will camry out
the CQI computation by using a precoding vector and choosing another direction orthogonal to the selected precoder
and computing the CQI using the combined precoding matnx. eNodeB will emplm pseudo-eigen beamforming

according to the rank and the partial channelinformation provided through feedback «

We can also consider a partial feedback transmission mode m TDD systems wath “partial channel reciprocity”™ or
significant calibration mismatch at UE. In this case UE can provide additional information regarding the chamel
observed on the RX antennanot observable by the NodeB. ¢

¢ CQI and rank computation at UE: UE will compute best CQI and rank using the estimate of the channel for the
receive antennas known at eNodeB along with precoding vectors approximating the chamel to other receive
antennas. Itwill thenreport CQI, rank and the chosen precoding vectors to eNodeB.+

¢ Scheduling at eNodeB: eNodeB will use the chamel feedback mformation along wath its knowledge of the
channel to construct beamfoming precoder. It will use the CQI and rank selected by the UE along with the
constructed precoders to schedule the UE.+
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"3 Discussion.

The following remarks arein order:+

e If a UE can obtain estimate of the charmel for all the beamfoming antennas. UE report can capture the
mterference and beamforming gams from all the antennas at transmitter. In this case, dual-stream beamforming
gams canbe obtamed forboth FDD and TDD systems.+

o  The number of CRS ports advertised in Release 8 is at most 4 (and most probably 2 in commercial
deployments) and because of its use m demodulation its associated overhead is large. At the same
time, the number of transmit antennas for beamforming operation can be larger than the mumber of
advertised CRS ports, «

o Given the above, 1t is possible to mtroduce a low duty cycle reference signal that is only used for
channel state mformation feedback along the Ines of CSI-RS envisioned for Release 10. The
beamforming gains of using all transmuit antennas relative to using only CRS antenna ports can be
large. Having a low overhead CSI-RS for all the transmit antermas can provide us with the
beamforming gams m FDD andpossibly TDD systems.+

e In order to capture beamforming gains (especially m FDD setup) for the case that the mmmber of transmit
antennasis larger than 4, new precoding structure needsto be considered ¢

¢ The granulanty of report in time and frequency can be studied further. In particular. frequency selective report
(1.e. subbandbased)orwideband report canbe considered asin Release 8. «

e Layer shifting for rank 2 transmussions can be considered m different modes of operation outlined i previous
section. Such a mechanism can be beneficial in partial feedback mode and can also be used for overhead
reduction.+

s It is possible to use DM-RS (along with the channel estimate obtained from the N_RS ports) for conputation
of CQI/RI for next padket transmissions. In this case the CQLI/'RI reporting needs to be apenodic with request
from the NodeB. Although CQI/RI computation this way captures the bearnformmg gams, such a mechanism
may not be rehable for cases where UE-RS 1s allocated in small part of the band or for users with bursty traffic
sources. Addiionally, such reporting mechanism while accurate 1s not efficient even at moderate mobility asit
requires frequent reporting by the UE. +

e Methods of signalling mformation regarding the spatial mterference structure and gains associated with them
can be investigated further. This is also applicable for the case that UE has partial estimate of the channel
Examples of such signalling are as follows+

o UE can provide CQURIPMI feedback to eNodeB. This case is essentially close-loop precoding
mentioned previously. The beamforming operation in this case can capture the interference and
channel structure simultaneously +

o Interference covanance structure can be signalled to the eNodeB. For example this can be applicable
in case a dominant mterferng direction is detected at the UE. This can be achieved based on a low
duty cycle (upper layer) signalng and used in the presence of a persistent long-term covarance
structure of the nterference. gNodeB can use this stacture in computing the beamforming vectors,
possibly rank, and CQI. The covanance structure used for reporting purposes can be computed with
specified ime-frequency granulanty.+
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"4 Conclusion.

In this paper, we outhned different options for feedbadt mechanisms n support of dual-stream beamforming in TDD
and FDD for Release 9. We addressthe feedback mechanisms for TDD with asymmetric antenna configuration. +

The choice of feedback mechanism depends on the knowledge of DL channel available at the UE and eNodeB. If a UE
can estimate the channel from all the transmit antennas. it is possible to exploit dual-beamforming gains in doth FDD
and IDD systems. The gams will be attamable for asymmetnc antenna configurations for Tx/Bx at UE and are not
affected by calibrationmismatch at TX'RX chams at UE ¢

Furthermore, m such a scenano. the CQI report from the UE can account for mterference and capture the beamforming
gain. In this case the beamforming gains will be from all the antennas used in transgmission and not only the antennas for
which CRSis transmitted «

Given that Release 8 supports up to 4 CRS transmission and the large overhead associated wath it, it might be
worthwhile to consider mtroducing low duty cycle and low overhead RS, similarto CSI-RS envisioned for Release 10,
to enable closed loop or partial feedback operation. While such operation is clearly needed in FDD, it is also beneficial
m TDD namely m the scenanos where open loop channel state estimation at eNodeB based on chamel reciprocity
ponciple canonly provide parialinformation about the downhnk channel or m the presence of calibrationissues.+

Therefore we recommend: +

* Closed loop mode in support of dual stream beamformmg for FDD systems which mvolves support of CSI-RS
for channel state measurement and comresponding CQL/PMI/RIreporting mechanisms+'

* Openloop or partial feedback mode for TDD operation. Closed loop operation for TDD should also be
considered+
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