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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 qualitative discussion of some design aspects of this feature, namely the coexistence with DPDCH, the encoding of the S-E-DPCCH, and the choice of precoder codebook.
2
Coexistence with DPDCH
One argument for disallowing DPDCH when UL-MIMO is active may be based on the assumption that UL-MIMO UEs are typically high data rate UEs that will not simultaneously require DPDCH. However, the potential benefits of imposing such a restriction are not very clear. One possible benefit is a reduction in the cubic metric impact from the additional physical channels required by UL-MIMO. However, the same argument can be extended to suggest that UL-MIMO users will typically not be the power-limited users for which the cubic metric impact matters the most. Further, UL-MIMO feature is designed to fall-back to UL-CLTD when the additional spatial stream experiences a weak channel condition, and DPDCH has been allowed to co-exist with UL-CLTD. Additionally, it is also possible that DPDCH may still be required even for high data rate users, eg., for simultaneous data and voice applications. Based on these considerations, we propose that DPDCH be allowed to co-exist with UL-MIMO. 

Proposal 1: UL-MIMO capable UEs should be allowed to transmit DPDCH on the uplink, irrespective of whether or not they are also transmitting E-DPDCH and/or S-E-DPDCH at the same time.
3
S-E-DPCCH encoding and precoding vectors
The E-DPCCH channel carries the E-TFCI that allows the receiver to know which type of packet to decode. The receiver performs E-DPCCH DTX detection to decide whether or not a packet has been sent on E-DPDCH, and if E-DPCCH is detected, then tries to decode it to determine the E-TFCI. A similar channel is required to carry the E-TFCI for the TBS sent on the secondary UL-MIMO stream; this is referred to as the S-E-DPCCH.
One design question is whether S-E-DPCCH should be transmitted using the primary or the secondary precoding vector. Since the primary precoding vector corresponds to the strong Eigen mode of the channel, which can often be several dB stronger than the weak Eigen mode, the primary precoding vector appears to be the best choice for this. A possible case can be made for using the weak Eigen mode based on the fact that the phase reference for channel sounding of the weak Eigen mode (called the S-DPCCH) will be boosted in power whenever dual-stream transmission is used (similar to E-DPCCH boosting for high payloads in SIMO). Hence, some of that power could be used to send S-E-DPCCH on the secondary stream, and S-E-DPCCH can serve as an auxiliary phase reference in addition to S-DPCCH for the weak stream. However, the large disparity between the strengths of the two channels (especially in the 2x2 MIMO case) makes it unlikely that this approach can save on the total transmit power; since reliable transmission using the primary Eigen mode will require much less power. The S-E-DPCCH/DPCCH power ratio required on the primary Eigen mode may in fact be so small (when compared to that of E-DPDCH) that even if S-E-DPCCH power can be saved, the total UE TX power savings are likely to be negligible. Based on this, we propose the following:

Proposal 2: S-E-DPCCH should be transmitted on the primary precoding vector.
Another design question relates to the encoding and modulation of S-E-DPCCH. One approach is to modify the current encoding of the E-DPCCH to signal both primary and secondary stream E-TFC, i.e., the S-E-DPCCH is not an explicit channel, but rather the E-DPCCH now has two types: Type 1 E-DPCCH is the current one, transmitted by UEs not supporting UL-MIMO, and Type 2 E-DPCCH is the new one transmitted by UEs supporting UL-MIMO. However, this approach means that when a UL-MIMO UE is transmitting only E-DPDCH but not S-E-DPDCH (i.e., using only one spatial stream), its transmissions will differ from that of a UE that only supports UL-CLTD but not UL-MIMO. This is because even if we specify that the Type-1 E-DPCCH shall be used in this case, still the UE needs to signal the number of streams used; this is not necessary for the UE that only supports UL-CLTD and thus always uses a single stream. Thus, this design approach misses the goal of fall-back to UL-CLTD when single stream transmission is used.
To achieve fall-back to UL-CLTD during single stream transmission, the E-DPCCH must remain as in the current specification, and the S-E-DPCCH must be a separate channel transmitted on the primary stream (as explained when justifying Proposal 2). The fall-back is then achieved by suppressing S-E-DPCCH transmission during single stream transmission.
Proposal 3: UE indicates presence or absence of payload transmission on secondary precoding vector respectively by transmitting or not transmitting the S-E-DPCCH.
The requirement of fall-back to UL-CLTD during single stream transmission also implies that the precoder codebook for UL-MIMO must be identical to that used for UL-CLTD.
Proposal 4: The precoder code-book for UL-MIMO is the same as that used for UL-CLTD.
4
Conclusions

In this contribution, we have presented qualitative arguments supporting the following design proposals for the UL-MIMO feature: 

Proposal 1: UL-MIMO capable UEs should be allowed to transmit DPDCH on the uplink, irrespective of whether or not they are also transmitting E-DPDCH and/or S-E-DPDCH at the same time.
Proposal 2: S-E-DPCCH should be transmitted on the primary precoding vector.

Proposal 3: UE indicates presence or absence of payload transmission on secondary precoding vector respectively by transmitting or not transmitting the S-E-DPCCH.

Proposal 4: The precoder code-book for UL-MIMO is the same as that used for UL-CLTD.
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