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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 the details of UL control channel structure that have not yet been agreed on in RAN1.
2
Boosting rules for S-E-DPCCH and S-DPCCH
The S-E-DPCCH carries the secondary stream E-TFC. It has already been agreed at RAN1#68bis that S-E-DPCCH is transmitted if and only if UE is transmitting with rank 2, and that S-E-DPCCH, when transmitted, is sent on the primary precoding vector, I/Q multiplexed with E-DPCCH. It was also agreed that when E-DPCCH is not boosted, S-E-DPCCH is sent at the same power as E-DPCCH. When E-DPCCH is boosted, there are two alternative schemes for setting S-E-DPCCH power. Let P be the E-DPCCH power level in absence of boosting, and B be the boost factor, defined as the ratio of boosted to un-boosted E-DPCCH power level assuming rank 1 transmission (i.e., assuming no S-E-DPCCH was transmitted). Both P and B are linear domain quantities, and B≥1, with B=1 representing no boosting. The two schemes for S-E-DPCCH power setting during rank 2 transmission can then be described as follows:
Scheme A: This scheme recognizes that the main purpose of E-DPCCH boosting is to provide a stronger phase reference for channel estimation on the primary stream, rather than to aid decoding of E-DPCCH itself. Thus, S-E-DPCCH continues to be transmitted at the same power at which E-DPCCH would have been transmitted if the boost value was 0dB (i.e., no boosting). Only the E-DPCCH is boosted to a power level that is computed based on applying the current boosting rules without any modifications. Thus, the power levels of E-DPCCH and S-E-DPCCH are respectively given by PB and P. The E-DPCCH power level is independent of whether or not the S-E-DPCCH is transmitted.
Scheme B: This scheme recognizes that the stronger phase reference that the boosting is intended to provide can also be achieved by dividing the extra E-DPCCH power transmitted during boosting among both E-DPCCH and S-E-DPCCH, with the side benefit of increased S-E-DPCCH reliability. Thus, if S-E-DPCCH is transmitted, the power levels of E-DPCCH and S-E-DPCCH are respectively given by P+P(B-1)f and P+P(B-1)(1-f), whereas if S-E-DPCCH is not transmitted, the power of E-DPCCH is given by PB. Here f is a fraction (0≤f≤1) specifying the distribution of the extra power during the boost between E-DPCCH and S-E-DPCCH. In particular, with f=0.5, when S-E-DPCCH is transmitted, it always has the same power level as E-DPCCH, independent of whether or not the E-DPCCH is boosted. Scheme A can be seen as a particular case when f=1.
Scheme A has a potentially simpler Node-B receiver implementation: Since E-DPCCH power is independent of rank, algorithms for detection of E-DPCCH and S-E-DPCCH can be designed to be independent of rank hypothesis. Also, in Scheme B (with f<1), a new combiner algorithm is needed to create the effective primary stream phase reference by combining DPCCH, E-DPCCH and S-E-DPCCH. This is in addition to the existing algorithm which is also needed for the case of rank 1 transmission. The new combiner will also suffer from some combining loss. In Scheme A on the other hand, the existing algorithm suffices and can be reused without modification for both rank 1 and rank 2. It should also be noted that the main idea in Scheme B, namely sharing the boost between E-DPCCH and other uplink channels (in this case, the S-E-DPCCH), could also have been applied to other uplink control channels (HS-DPCCH), but this was not done. We believe that the simplicity obtained from Scheme A outweighs the benefits from any potential S-E-DPCCH decoding performance improvements obtained in Scheme B. Thus, we propose Scheme A, i.e.:

Proposal 1: When E-DPCCH is boosted, the current E-DPCCH boosting rules continue to apply unchanged only to E-DPCCH, while S-E-DPCCH is transmitted at its original (un-boosted) power level.  
Note that if E-DPCCH is not boosted, the S-E-DPCCH, if transmitted, has same power as E-DPCCH, as already agreed in RAN1#68. 
The S-DPCCH needs to be boosted along with the E-DPCCH even during rank-1 transmissions, so that both spatial streams have a stronger phase reference for the high payload sizes. Rules for this boosting have already been incorporated into 3GPP TS25.214 during the UL CLTD work item. Following the principle that UL-MIMO should fall-back to UL-CLTD during rank 1 transmission, the same rules can be re-used as is for UL-MIMO during rank 1 transmission. Further, these rules already provide sufficient flexibility by incorporating a new power offset ∆T2SP for the secondary stream analogous to ∆T2TP for the primary stream. Although this offset cannot be dynamically updated as a function of TBS, the throughput gains from allowing such dynamic updates are unlikely to be compelling enough to justify the associated additional complexity. Thus, the existing S-DPCCH boosting rules can be used during rank 2 transmission as well.
Proposal 2: Reuse UL CLTD S-DPCCH boosting rules for UL-MIMO during both rank 1 and rank 2 transmissions.
3
Conclusion
We have proposed rules for determining the power levels for S-E-DPCCH and S-DPCCH when E-DPCCH is boosted. They can be summarized in the following proposals: 

Proposal 1: When E-DPCCH is boosted, the current E-DPCCH boosting rules continue to apply unchanged only to E-DPCCH, while S-E-DPCCH is transmitted at its original (un-boosted) power level.  

Proposal 2: Reuse UL CLTD S-DPCCH boosting rules for UL-MIMO during both rank 1 and rank 2 transmissions.
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