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1 Introduction

WI on HSUPA 64QAM MIMO has been agreed by RAN #54 [1]. The WI progressed quite well in RAN1 #68 despite being recently introduced. This contribution discusses the issues left to be studied related to uplink channel structures for uplink MIMO.
2 Discussion
In RAN1 #68 several agreements were reached:
· Two independent transport block structure, no interleaving across streams

· One ACK/NACK per TB – double the number of HARQ processes

· DPCCH, HS-DPCCH, E-DPCCH and E-DPDCHs sent as in UL CLTD using the primary precoding vector

· S-DPCCH is sent as in UL CLTD using the secondary precoding vector

· DPDCH, if sent and allowed to coexist with MIMO is sent on the primary precoding vector

· S-E-DPDCHs sent on the orthogonal precoding vector

· S-E-DPDCHs can only be present when E-DPDCHs are sent with 2xSF2+2xSF4

· S-E-DPDCHs can only be sent with 2xSF2+2xSF4, can be revisited if a motivation for other configurations is identified

· S-E-DPCCH used to indicate the format used on S-E-DPDCHs

· Precoding vector of S-E-DPCCH is FFS

· The Node B signals the TPI to be applied by the UE using the F-TPICH as in UL CLTD

· Single inner power control loop as in UL CLTD and UL SIMO, a possible modification to the power control, where the power changes at TTI boundaries only is FFS

· The E-DPDCHs and the S-E-DPDCHs are sent with equal power
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As can be seen most of the decisions related to uplink channel structures are already done. Main problem there is left is uplink control channel, where the only decision was:
· The S-E-DPCCH is introduced for rank2 transmissions

So the issues to be discussed are at least the stream where S-E-DPCCH is to be transmitted in and how to signal rank indication.
E-DPCCH boosting was introduced in Rel-7 to support higher pilot SNR requirement of 16QAM demodulation. In CLTD there is, however, a need for boosted pilot but no E-DPCCH which would be precoded with secondary weight. Hence S-DPCCH is used in boosting instead. It would be beneficial to keep UL MIMO solutions as similar to CLTD and legacy as possible. In boosting case a choice have to be made which similarity is kept. 
It is still open whether S-E-DPCCH is transmitted in primary or secondary stream. On one hand SNR of secondary stream cannot be guaranteed but on the other hand it would be cubic metric wise beneficial to keep S-E-DPCCH in secondary stream. Boosting of S-E-DPCCH would mitigate also the SINR offset.

Proposal 1 S-E-DPCCH is transmitted in secondary stream

Proposal 2 S-E-DPCCH power is boosted if MIMO is configured
Current E-DPCCH channel contains information of RSN (2 bits), E-TFCI (8 bits) and happy bit. If HARQ in each stream is independent then both RSN and E-TFCI are needed for secondary stream also. Only one happy bit is needed per UE and hence happy bit in primary stream has been proposed to be used for rank indication. However, there is a problem in case of single stream transmission; in such case it is not clear if happy bit should be interpreted as happy bit or rank indication. 
Solution to this problem could be to always transmit both E-DPCCH channels if UE is configured and granted maximum of two stream transmission. In other words, if only maximum of 1 stream is granted, only one E-DPCCH is transmitted following the legacy format and thus providing legacy coverage. If maximum of two streams is granted, also two E-DPCCHs are transmitted including the rank information on transmitted E-DPDCH streams. This approach would simplify the assumptions that Node B needs to make on the existence of the channels and interpretation on the information bits. On the other hand, there is the special case where extra overhead could exist. More specifically, when dual stream has been granted but UE decides to transmit only one stream. This should not have large impact on the system performance because conditions for this to happen should be rare and the UE most probably is not in coverage or power limited conditions. Furthermore, in this special case where secondary E-DPCCH is transmitted but E-DPDCH is not, the control channel could anyway be exploited as pilot energy assuming some fixed and known values in RSN and E-TFCI are used for the S-E-DPCCH.
Proposal 3 Use happy bit for rank indication

Proposal 4 Both E-DPCCH and S-E-DPCCH are always transmitted when UE is granted dual stream
3 Conclusion
Following proposals were made in this contribution:
Proposal 1 S-E-DPCCH is transmitted in secondary stream
Proposal 2 S-E-DPCCH power is boosted if MIMO is configured
Proposal 3 Use happy bit for rank indication
Proposal 4 Both E-DPCCH and S-E-DPCCH are always transmitted when UE is granted dual stream
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