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1
Introduction

RAN#54 initiated a work item on UL MIMO and 64QAM for HSPA [1]. This was a result of earlier study on UL MIMO, whose results were captured in the technical report [2]. This contribution provides a proposal for signaling grants, E-TFC selection and maximum power scaling procedures for UL MIMO.
2
Signaling grants
The simulation methodology used in [2] assumes that the primary stream grant signals the TBS on the primary stream (E-DPDCH) and the power levels on both the primary (E-DPDCH) and (if transmitted) the secondary (S-E-DPDCH) streams. This avoids the complexity and additional signaling requirements involved in dynamically changing the power-allocation ratio between the primary and secondary streams. It also falls back to the current SIMO or CLTD operation if single stream transmission is used. We propose to follow this assumption. As a result, the only additional signaling required for the S-E-DPDCH channel is the TBS. 
The current specification for SIMO uses a table interpolation formula to map the T2P grant to a TBS. A similar procedure can be followed to signal the S-E-DPDCH TBS, except that the grant no longer has any significance as a T2P value. The T2P grant for SIMO can be set by E-AGCH and modified by E-RGCH. One approach is to define new channels analogous to E-AGCH and E-RGCH, which set the grant for the S-E-DPDCH in UL MIMO. However, the grant on the secondary stream controls only its TBS, and not its power. Further, the secondary stream channel is weaker and subject to more fluctuations, hence the ‘up-down’ control of the grant provided by the E-RGCH may be insufficient for appropriate setting of the secondarystream TBS. Based on this, we propose to have a single E-AGCH-like channel, referred to as S-E-AGCH, signalling the second stream TBS.

One design option is to modify the existing E-AGCH encoding to include the rank and grant indication (in case of rank=2) for the secondary stream as well. However, similar to the situation for S-E-DPCCH signaling in the uplink as discussed in [3], this design would not fall-back to the UL-CLTD design: A UL-MIMO UE that is scheduled with rank=1 will need a different E-AGCH transmission than a UE that is only capable of UL-CLTD. Hence, we propose that S-E-AGCH should be a separately transmitted channel. The signaling grant proposals can thus be summarized as follows:
Proposal 1: The primary stream grant, controlled by E-AGCH and E-RGCH, sets the power level of the primary and (if transmitted) the secondary stream data channel (E-DPDCH and S-E-DPDCH respectively), and also the size of the E-DPDCH transport block. 
Proposal 2: A new code channel, called S-E-AGCH, carries an absolute grant that sets the TBS on the S-E-DPDCH, but not its power level.
It is currently unclear whether there would be gains from allowing dual stream transmission in soft handover. Assuming this is allowed, under the direct extension of Proposal 1, the non-serving cells can influence the primary stream TBS and the power of both streams via the non-serving E-RGCH grants. They cannot influence the secondary stream TBS since E-RGCH does not control that. This should be sufficient, since the main reason for allowing this control is to reduce power in adjecant cells in response to cell overload. The resulting reduction in secondary stream power may make the existing S-E-DPDCH TBS suboptimal, but this will eventually be corrected by a new S-E-AGCH grant due to the margin-loop running at the NodeB to monitor S-E-DPDCH BLER. An alternative design option for this case would be to allow the non-serving E-RGCH grants to also influence the secondary stream TBS, potentially helping the margin loop to maintain the S-E-DPDCH performance.
The encoding and modulation of S-E-AGCH can be identical to that of current E-AGCH, or may be modified. One possible reason for modifying this encoding is the fact that dual stream transmissions require identical spreading-factor configurations on both streams [4]. A simple way to enforce this is to mandate that dual streams can be transmitted only if the TBS on both streams is no lesser than than the minimum TBS that is transmitted using the 2xSF2+2xSF4 spreading factor configuration (which gives the highest possible data rate). With this design, the range of possible values to be signaled on the S-E-AGCH is smaller than that on the E-AGCH, since the TBSs less than the minimum will be invalid. The S-E-AGCH encoding could be redesigned to exploit this, reducing the number of information bits to increase the coding gain. Another alternative would be to keep the existing encoding, reserving the codewords corresponding to invalid TBSs for possible future use.
3
E-TFC selection

The E-TFC selection procedure performed by the UE determines the TBS for new packet transmissions (as opposed to retransmissions of packets that failed previous decode attempts), using as input, the received grants and UE power headroom constraints. The headroom constraint and the maximum-power-reduction backoff value translate to a maximum allowable total transmit power for the UE. When the received grants cause the resulting UE transmit power to be less than this maximum allowable value, the E-TFC selection simply follows the received grants to determine the TBS using the table-lookup interpolation function. However, if the resulting UE transmit power is more than its maximum allowable value, the grants and corresponding TBS need modification so as to lower the transmit power so that it no longer exceeds its permissible maximum. Note that E-TFC selection rules apply when at least one MIMO data stream (E-DPDCH or S-E-DPDCH) is carrying a new transport block, since the choice of TBS for that transport block can potentially be used to avoid violating the maximum power limit. It is possible that remedial action is needed to avoid violating this power limit even when E-TFC selection cannot be applied (eg, in the middle of packet transmission, or when both streams are carrying retransmissions). The remedial action in such cases is governed by the maximum power scaling rules which are treated later in Section 4.
When the grants indicate a rank 1 transmission, the E-TFC selection rules can be exactly as per the current specification. However, in the case of UL-MIMO with grants indicating rank 2 transmissions, the modification rules need to determine the transmit powers, rank, and TBS on both the spatial streams. A similar issue also arises in DC-HSUPA: The question arises whether transmit powers of the two streams for UL MIMO, or the two carriers for DC-HSUPA, should be scaled by the same amounts or by different amounts. Allowing independent scaling enables more flexibility resulting in potentially higher throughput. However, for the UL-MIMO case, demodulation performance may suffer if the receiver is unaware of the power ratio between the two streams, and informing the receiver of this ratio requires additional signaling. Also, the UE has limited knowledge of the channel condition, which is an important factor in efficiently using the additional flexibility to maximize throughput. Hence, for simplicity, we propose scaling both stream grants by the same amount, chosen such that the resulting transmit power equals the headroom limit. This is similar to the approach that was followed for DC-HSUPA.
If the original grants indicated a rank 1 transmission, the new TBS is directly computed using the modified grant after the E-TFC selection rule is applied, just as in the current specification. However, if the original grants indicated a rank 2 transmission, additional consideration is needed, due to the fact that UL MIMO requires both streams to use the same spreading factor configuration [4]. As explained in [4], a simple way to meet this requirement is to mandate that rank 2 transmissions always use the 2xSF2+2xSF4 configuration, which yields the highest data-rate in the current specification. However, the modified grants resulting from E-TFC selection may map to payload sizes that would use different SF configurations as per the current specification. The following are alternative designs that avoid this issue:

a) The current specification can be modified to enforce 2xSF2+2xSF4 spreading factor configuration whenever rank 2 is used, irrespective of TBS used on either stream. The rate-matching block is made to output the appropriate number of output bits to modulate the physical channels using this SF configuration.
b) E-TFC selection rule modifies the signalled rank of 2, changing the rank to 1 instead. The primary stream grant is then first increased to reflect a transfer to the E-DPDCH of the power that would otherwise have been spent on S-E-DPDCH. The rank 1 E-TFC selection rules are then applied on this modified grant.
The rules discussed thus far assume that both streams transmit new packets, thus allowing full flexibility in choosing their sizes. In contrast, the packet size for a retransmission is constrained to be identical to that of the original transmission that failed to decode, necessitating the retransmission. Rules for signaling the new TBS value in the case of new transmission on only one stream (with a retransmission on the other stream) are proposed in [5]. Based on these rules, the cases that need special E-TFCI selection rules, and possible choices for these rules, are as follows:

1)    If the S-E-DPDCH decoded but E-DPDCH did not, then as per [5], Node-B signals a new S-E-AGCH grant indicating the new S-E-DPDCH TBS (possibly zero, indicating a switch to rank 1). If the new rank is 1, E-TFC selection is unnecessary, as the packet size is already forced to equal the TBS of the original E-DPDCH packet transmission which failed to decode. If the new rank is 2 and this causes a headroom violation, two options are possible: One option is to switch to rank 1 by following Procedure b) above, except that the new TBS is forced due to retransmission. The other option is to follow the new S-E-AGCH in spite of the resulting headroom violation, just as if the S-E-DPDCH had also been carrying a retransmission (which would force its packet size). The resulting headroom violation would then be avoided using the power scaling rules, discussed in Section 4.
2)    If the E-DPDCH decoded but the S-E-DPDCH did not, then as per [5], Node-B signals a new E-DPDCH grant indicating the new E-DPDCH TBS and the power levels of E-DPDCH and S-E-DPDCH. The rank is forced to 2, because the S-E-DPDCH is assumed to be always paired with an E-DPDCH transmission. If this causes a headroom violation, the procedure to be applied can be the same as that described earlier for use when both E-DPDCH and S-E-DPDCH decoded, except that the resulting modified S-E-DPDCH TBS is ignored, since the S-E-DPDCH is carrying a retransmission. If the resulting E-DPDCH TBS after this procedure becomes small enough to violate the 2xSF2+2xSF4 spreading factor configuration, the violation can either be corrected following Procedure a) above, or the TBS can be increased (without changing the E-DPDCH or S-E-DPDCH power levels) till it is large enough to avoid this violation.
4
Power-scaling rules

The E-TFC selection procedure modifies the TBSs and transmit powers signaled by the Node-B’s grants in order to prevent headroom violations when a new packet is beginning transmission. However, headroom violations may still occur in the middle of a packet transmission due to slot-rate power-control, and even at the beginning of a TTI if both MIMO streams are carrying retransmissions (which prevents E-TFC selection). The maximum power scaling rules specify how to modify transmit powers to avoid such headroom violations that cannot be avoided by E-TFC selection. As per current specification, the power-scaling is a two-step procedure:

Step 1) The E-DPDCH power is reduced subject to a configurable minimum E-DPDCH/DPCCH power ratio.

Step 2) If Step (1) is insufficient to prevent the headroom violation, then the transmit powers of all transmitted channels are reduced by the same factor, and the factor is chosen to be the smallest possible factor that prevents the headroom violation.

During UL MIMO rank 2 transmissions, there are two straightforward generalizations possible to the above scheme:

a) Follow the same procedure, and all times preserving the power ratio between S-E-DPDCH and E-DPDCH. In other words, S-E-DPDCH is subjected to the same power scaling as E-DPDCH. This is illustrated in Figure 1.
b) In the alternative approach, the UE first follows Step 1) but replacing E-DPDCH by S-E-DPDCH. If this is insufficient to prevent the headroom voilation, then perform Step 1) as currently defined (i.e., scaling back E-DPDCH power). If this still proves insufficient, then follow Step 2). This is illustrated in Figure 2.
The rationale for approach (b) is that the S-E-DPDCH has poorer reliability and hence usually carries a smaller payload, which should thus be penalized first. However, this results in inaccurate receiver knowledge of the power ratio between E-DPDCH and S-E-DPDCH, which could hurt demodulation performance. Approach (a) is designed to avoid this issue, and thus appears preferrable.
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         Figure 1: Approach (a)  for maximum power scaling rules during UL MIMO transmissions with rank=2.
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         Figure 2: Approach (b) for maximum power scaling rules during UL MIMO transmissions with rank=2.

5
Conclusions

In this contribution, we have proposed schemes for signaling grants, E-TFC selection and maximum power scaling rules for the UL-MIMO feature. 
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