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(1) T [0024] Currently, only DL MIMO is specified in 3GPP
standard and implemented WCDMA HSPA system. With the evolution of
HSPA, more and more applications require better uplink performance
such as higher throughput and extended coverage.

[0025] In accordance with embodiments of the present disclosure,
systems and methods are provided for controlling WRTU transmission
parameters, for calculating a set of supported E-TFCs, for
determining transmission rank, for determining enhanced transport
format combination (E-TFC) selections, and for selecting transport
format. The system and method embodiments disclosed herein may be
used individually or in any suitable combination.

[0026] By way of background, HSUPA was originally designed for
single stream operations. In conventional HSUPA, the wireless
receive/transmit unit (WRTU) determines the transport block size
(TBS) to use for transmission based on a number of parameters. Some
of these parameters may be dynamically signaled by the network,
others are semi-static or static and other parameters are dynamic
and only known to the WRTU. A set of procedures in the 3GPP
specifications describe the exact WRTU behavior and TBS selection
rules for the enhanced dedicated channel (E-DCH). The E-TFC
restriction and the transport format selection collectively describe
the overal | WRTU behavior for selecting the format and the
information to transmit.

[0027] These rules have been designed for single stream operations
where at any TTI the WRTU only transmits data stream from its
antenna(s). It is desirable to change the existing rules in order to
support multi—-stream operations in E-DCH (also referred here as to
dual-stream or UL MIMO). At a high level, the problem to resolve
consists of designing rules and procedures for the WRTU to determine
the amount of data, the power and transport format/code rate for
each streams in dual-stream transmissions

[0028] Many varieties of dual-streams operations can be devised, for
example any combination of the following options may be considered,
including, but not |imited to, 1 or 2 codewords transmitted
simultaneously, 1 or 2 inner loop power control (ILPC), single or
dual grants, etc. 1 (4R—2)
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[0024] 3{#E, DL—MIMOMDHAHMNIGPPREIZEVLWTHES
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(2) T[0040] When a WRTU is configured in MIMO mode for uplink
transmission, to minimize the WRTU transmit power and also the
interference experienced at Node B, it is beneficial to give the
WRTU the flexibility to decide for the next TTI whether single
stream or dual stream transmission is appropriate. In one approach
to support this feature, the E-DCH transmission in the next TTI may
run the E-TFC restriction procedure twice, one by assuming single
stream transmission, the other by assuming dual stream transmission.
It is noted that since additional physical channels may be required
to support MIMO operation, the conventional E-TFC restriction
procedures needs to be modified; this is addressed herein below. In
short, one example E-TFC restriction procedure for uplink MIMO
operation may be as follows. Execute the E-TFC restriction procedure
described below with reference to E-TFC Restriction Procedure for
Rank-One Transmission with the assumption that the next transmission
is rank-one or single-stream transmission. Execute the E-TFC
restriction procedure defined below with reference to treating both
streams simultaneously (e.g., for dependent stream) or the procedure
defined below with reference to calculating the set of supported
E-TFC 's independently for each with the assumption that the next
transmission is rank—-two or dual-stream transmission.

[0041] In an another method when the WTRU is configured in MIMO mode
for uplink transmission, the WTRU is configured with a primary
stream E-TFCI rank-1/rank-2 threshold value (E-TFClthresl-2), or a
set of primary stream E-TFCI rank—I|/rank-2 threshold values (one for
each HARQ offset 1: E-TFCIthreshl-2,1). The WTRU then calculates the
set of supported E-TFCIs for rank-1 transmission only for the E-TFCI
that are below the threshold for the primary stream and the set of
supported E-TFCIs for rank-2 transmission only for the E-TFCIs that
are above (or equal to) the threshold. This approach may allow
reducing the computations for the E-TFC restriction procedure as the
set of candidate E-TFCIs under consideration is reduced. The
threshold values may be configured via RRC signaling or
alternatively may be fixed in the specifications

[0042] In one example, the WTRU determines the threshold based on a
minimum transport block size for the secondary stream. For example
the threshold may be determined by the WTRU as the minimum E-TFCI
combination supporting dual stream transmission; that is the minimum
E-TFCI combination for a specific secondary stream power offset for
which the supported TB on the secondary stream is larger than or
equal to the minimum allowed TB on the secondary stream. Optionally,
the WTRU may carry out this calculation based on the HARQ offset
associated to the highest priority non—-empty logical channel. In the
following, the methods for calculating the set of supported and
blocked E-TFCs are disclosed for rank one and rank—-two transmission,
respectively. These methods (or part of these methods) may be used
individual ly or in any suitable combination. | (7~8~XR—%)
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(3) T4. Example Methods for WRTU to Determine the Transmission
Rank

[00133] In an embodiment, a NodeB may signal two grants, one for
each stream to the WRTU explicitly. The grant associated to the
secondary stream may control the rank. A 0 grant may indicate a
rank—-1 transmission. Non-zero grants may indicate rank-2
transmission.

[00134] If the Node B signals two grants on two different downlink
physical channels, the WRTU may determine the transmission rank
based on blind detection of the presence of both physical channels
carrying grants. For example, if both physical channels carrying
grants are detected by the WRTU, then WRTU determines it is rank 2
transmission. If only one such physical channel is detected, the
WRTU determines it is rank 1 transmission.

[00135] Alternatively, the WRTU may be configured semi-statically



with a given transmission rank. For example this could be done via
HS-SCCH order or E-AGCH signaling (or similar channel). The WRTU may
keep its rank configuration until a new signal is received.

[00136] The WRTU may be configured to use the rank indication (1 or
2) as a maximum rank indication; that is when the WRTU is configured
with rank-2 it may also use rank-1 transmission (e.g. if it has
small amount of data in its buffer). Alternatively, the WRTU may be
configured to use the rank indication (1 or 2) as an absolute rank
indication, that is when the WRTU is configured with rank-2, it may
only use rank-2 transmission (and |likewise for rank-1 transmission).
[00137] It is noted that the absolute rank control may not be
appropriate in all cases, as the WRTU may possess instantaneous
information that the NodeB does not, for instance the WRTU has
accurate knowledge of its available resources such as power and
buffer status. Thus, it can be that the WRTU decides on how many
streams (rank) to transmit. For example, when allowed to transmit
with rank-2 (maximum rank control).

[00138] When configured for a maximum rank-2 transmission, the WRTU
may determine the actual transmission rank (or the number of stream
to transmit) using one or more of the following inputs, individually
or in any combinations: maximum support payload obtained after
running E-TFC restriction assuming rank-1 transmission; maximum
support payload obtained after running E-TFC restriction assuming
rank-2 transmission (aggregated across both streams); serving grant
for the primary stream transmission; serving grant for the secondary
stream transmission; UPH; downlink measurements; and /or buffer
information. The following describes criteria by which the WTRU may
determine its rank for transmission. These criteria may be used in
any order or combination. | (32~33~XR—%)
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(4) T[00142] In another example, the WRTU determines if single-
stream transmission is sufficient to empty its buffer (according to
the WTRU power headroom and serving grant), for example in a
configured amount of time. In one particular example, this amount of
time corresponds to a single TTI. If the WRTU estimates that it can
empty its buffer using single- stream transmission with the current
headroom and serving grant during that configured amount of time,
the WRTU execute E-TFC selection assuming single-stream
transmission. Otherwise, the WRTU execute E-TFC selection assuming
dual stream transmission.

(HHB&)

[00147] In another example, the WTRU is configured to use rank-2
transmission based on the data in its buffer. The amount of data
available may be determined by the WTRU for instance based on the
total data in the buffer, or based on the total data that can be
multiplexed with the highest-priority non-empty logical channel (or
MAC-d flow) in that HARQ process. The WTRU then compares the amount
of data available for the next transmission to a threshold and
determines whether to use rank-1 or rank-2 transmission based on the
result of that comparison. The threshold may be an absolute
threshold value, for example signaled by the network. This threshold
value may also depend on the HARQ profile; for example the WTRU may
be configured with one threshold value for each HARQ profile
configured. Alternatively, the WTRU may determine the threshold
value for each HARQ profile configured based on the known HARQ
offset and a pre-defined threshold reference point (e.g. number of
bits and HARQ offset pair). In another example, the threshold may be
calculated for each HARQ profile as the sum of the bits across both
streams for the smallest supported E-TFC combination or dual- stream
operations. In one option the WTRU calculates the aggregated number
of bits for the smallest supported E-TFC combination taking into
account the current MIMO offset (i.e. the quality of the secondary
stream as signaled by the NodeB). In another example, the WTRU
calculates the threshold as being twice the number of bits on the
primary stream for the minimum E-TFC combination supporting
dual-stream transmission.

(HHBR)

[00152] In another example, the WTRU may be configured to use rank-2
transmission based on the number of bits that can be transmitted on
the secondary stream according to the serving grant, and optionally
a secondary power offset. The WTRU may calculate the number of bits
that can be transmitted on the secondary stream for example using
the HARQ offset associated to the highest priority non-empty logical
channel. The WTRU may be configured to compare the number of bits
that can be transmitted on the secondary stream according to the
serving grant and secondary power offset to a threshold; if
calculated number of bits is above the threshold then the WTRU uses
rank—-2 transmission otherwise the WTRU uses rank-1 transmission. In



one example, the WTRU is configured with a fixed threshold for
example via RRC signaling. In another example, the WTRU may be
configured to use rank-2 transmission if the number of bits that can
be transmitted on the secondary stream according to the serving
grant and secondary power offset is above the minimum configured
transport block size for the secondary stream; otherwise the WTRU
uses rank-1 transmission.

(HER)

[00154] In one practical example, the WTRU is configured to use
rank—-2 transmission when the WTRU determines that it has sufficient
power for rank-2 transmission (e.g. according to one of the above
embodiment), and that it has a sufficiently large serving grant for
rank-2 transmission (e.g. according to one of the above embodiment),
and that it has sufficient data for rank-2 transmission (e.g.
according to one of the above embodiment). If one or more of these
criteria is not met the WTRU may be configured to use rank-1
transmission. If the WTRU according to this criteria, determines to
use rank-2 transmission, it may perform E-TFC selection and E-TFC
reselection according to the dual stream (rank-2) transmission
formulas.

(HHBR)

[00158] In another example, the WTRU may be configured to transmit a
request to the network for single-stream operations. This request
may be carried for example on new field of the MAC header, or on the
SI (e.g. L2 message); alternatively this request may also be carried
on a physical channel. The WTRU may be configured to transmit
requests to operate in single— stream or rank-1 when it is already
configured to operate with up to rank-2 transmissions and it
determines that it should be operating in single-stream mode (e.g.
using one of the above conditions). The WTRU may also be configured
to transmit request to operate in dual-stream or rank-2 operations
when it is configured for rank-1 operations and determines (e.g.
using one of the above condition) that it should operate in
dual-stream mode.

(HHBR)

[00164] To minimize the WRTU transmission power and UL interference,
whenever the WRTU' s actual payload determined by buffer occupancy is
less than the minimum of the Max Supported Payload and Total Granted
Payload which both are evaluated based on an assumption of rank-2
transmission, the WRTU may first verify if its actual payload can be
transmitted with rank-1 transmission by comparing it with the
minimum of the Max supported Payload and Total granted Payload which
both are evaluated based on an assumption of rank-1 transmission. If
it cannot, rank-2 transmission is used.

(HHBR)

[00166] In another example, the actually payload determined as
described above is compare against a threshold (e.g. minimum payload
for considering a rank 2 transmission). If the payload is below this
threshold then the UE proceeds to perform E-TFC selection and
restriction assuming a single rank transmission. Otherwise, the UE
may consider a rank 2 transmission. The rank 2 transmission may be
further dependent on the grant and power. 6. Example Methods to
Determine the Maximum Supported Payload (e.g.. Based on Grant) |

(33~38R—2)
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(5) T [00240] As shown in FIG. 11A, the communications system 100
may include wireless transmit/receive units (WTRUs) 102a, 102b,
102¢c, 102d, a radio access network (RAN) 104, a core network 106, a
public switched telephone network (PSTN) 108, the Internet 110, and
other networks 112, though it will be appreciated that the disclosed
embodiments contemplate any number of WTRUs, base stations
networks, and/or network elements. Each of the WTRUs 102a, 102b,
102¢, 102d may be any type of device configured to operate and/or
communicate in a wireless environment. By way of example, the WTRUs
102a, 102b, 102c, 102d may be configured to transmit and/or receive
wireless signals and may include user equipment (WRTU), a mobile
station, a fixed or mobile subscriber unit, a pager, a cellular
telephone, a personal digital assistant (PDA), a smartphone, a
laptop, a netbook, a personal computer, a wireless sensor, consumer
electronics, and the like. | (6 0R—)
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