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1. Introduction

Issues on uplink transmission mode have been discussed in order to support uplink multiple antenna transmission efficiently. RAN1#62bis meeting concluded transmission mode related issues as following [1]:
· Two PUSCH transmission modes 

· PUSCH Mode 1 is the single antenna port mode

· Two difference configurations exist in this mode

· One configuration is Rel-8 PUSCH transmission scheme

· The other configuration supports both contiguous and non-contiguous RA (dynamically configured by PDCCH), Rel-10 OCC/CS mapping table, and dynamic aperiodic SRS triggering (if configured)

· The additional possibility of (de-)configuring the Rel-10 OCC/CS mapping table is FFS

· PUSCH Mode 2 is the multiple antenna port mode

· Two different configurations exist in this mode (if reference DCI format 4 is used):
· Antenna ports  {0,1} are configured for PUSCH      (i.e. PUSCH is using 2TX codebook)
· Antenna ports  {0,1,2,3} are configured for PUSCH (i.e. PUSCH is using 4TX codebook)
· FFS  the details of configuration, i.e,  UE-specific or cell-specific, etc  
· If fallback DCI format 0 is received by the UE

· A single antenna port is used
· No consensus to support PUSCH multiple antenna port mode dedicated for rank 1 in Rel-10.

Accordingly, there are proposals on DCI format design for SU-MIMO support [2]-[6]. This document discusses these aspects.

2. Discussion
2.1. Issues for DCI format 4 design
As described in draft CR for TS36.213 [7], DCI format 4 is to be designed to support up to 2 transport blocks (TBs) so it should also support dynamic TB disabling or adaptive switching between single/multi codeword (CW) transmission, even though a different approach from the one for downlink assignment, i.e. disabled by specific combination of IMCS and rvidx field, is necessary. There are some proposals to use the NDI field directly [2][3], however error case avoidance is the issue. Hence, we see following solutions would be possible alternatives:
a) TB disabling is directly indicated by lowest value for IMCS [4]
b) Number of CW is indicated in PMI field [5]

c) TB disabling is indicated via NDI field with a restriction: when decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first scheduled transmission for that TB [6]
Our preference is b), concerning restrictions caused by the other options in terms of resource allocation. We think that an approach as b) can easily re-use the CQI-only triggering mechanism of Release 8, as the conditions for CQI-only and TB disable are orthogonal. 
Regarding CQI-only, RAN1 needs to decide the CQI-only transmission principle before the triggering mechanism can be finally decided. This means basically deciding whether there should be any restriction among the following, and if so which should be applied:
· CQI-only on CW 0 together with TBS data on CW 1 (and/or vice versa)

· CQI-only using multi layer transmission
· CQI-only using single layer transmission
2.2. Relationship between SRS ports and PUSCH transmission ports
As identified during RAN1#62bis meeting, the relationship between the SRS ports and the PUSCH transmission ports should be clarified. Based on the agreement on configurability i.e. “the PUSCH transmission mode, the PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC”, corresponding antenna port configuration would be separately defined e.g. “SRS antenna port configuration -periodic”, “SRS antenna port configuration -aperiodic” and “UL 4 antenna port activation” as suggested in the LS to RAN2 [8].
On the other hand, considering sensible operation with closed-loop precoding control, the number of antenna port for PUSCH should be aligned with the value for max{SRS antenna port configuration -periodic, SRS antenna port configuration -aperiodic}.
Besides, in PUSCH Mode 2, the PUSCH antenna ports should be mapped onto all the configured SRS antenna ports (either periodic or aperiodic side) through precoding operation similar to relationship between TM4 PDSCH layers and CRS in Rel-8 downlink as suggested in [9].
Fig. 1 shows an example with SRS antenna port configuration - periodic = 1 while that for aperiodic = 4, then PUSCH transmission ports are tied to aperiodic SRS ports.
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Fig. 1 Relationship between SRS ports and PUSCH transmission ports
Potential FFS issues are: 
· SRS ports with multi-antenna SRS configuration might be tied to PUSCH transmission ports for the transmission scheme indicated by DCI format 4, on the other hand SRS port with single-antenna SRS configuration might be tied to PUSCH transmission port for the other transmission scheme indicated by DCI format 0, i.e. fallback transmission; and
· Either periodic or aperiodic SRS is prioritised in terms of relationship with PUSCH transmission ports if the number of antenna ports for them are identical.
2.3. HARQ operations in UL SU-MIMO
As discussed in [10], DCI format 0 would be used for adaptive HARQ for one of the two TBs previously indicated via DCI format 4 in particular for so called fallback operation. There would be some solutions like following:

Alt.1) As that for downlink i.e. DCI format 1A, it shall assume that the PUSCH transmission is associated with TB1 and that TB2 is disabled.

Atl.2) Re-defining DCI format 0 in UE-specific search space as suggested in [10], which aims to indicate which TB is to be retransmitted.

Alt.3) DCI format 0 indicates only initial transmission, this implies pending retransmission is to be reset.

Alt.4) Somehow combined states with PHICH indicates which TB is to be retransmitted.
Between those alternatives, we think Alt.1 is preferable from simplicity and commonality point of view. Alt. 2 requires additional standardization effort even though similar rank 1 specific transmission mode is precluded. Alt. 3 provides much restriction in terms of HARQ operation. Alt. 4 demands complicated UE behavior.
2.4. Impact for Semi-persistent scheduling
So far discussion on uplink transmission covers dynamic PUSCH. One possible discussion point is its impact for semi-persistent scheduling (SPS). Similar to the discussion we had on Rel-8 PDSCH [11], it is preferable to restrict single-antenna transmission scheme for SPS allocation which basically provides no change for SPS related behavior and avoids ambiguity for precoding control. In addition, as RAN1#59 concluded no consensus on introduction of transmit diversity (TxD) in Rel-10 according to discussion papers e.g. [12] etc., uplink open loop TxD provides marginal gain compared to single-antenna port mode. This is applicable even for SPS scenario, so single-antenna transmission scheme should be used for the PUSCH for which PDCCH is configured by SPS C-RNTI irrespective to PUSCH Mode1 / Mode2 for dynamic scheduling.

3. Conclusion
In this document remaining details of signalling for SU-MIMO are discussed. Our views are:
· In DCI format 4 number of CW is indicated in PMI field;
· The number of antenna port for PUSCH should be aligned with the value for max{SRS antenna port configuration -periodic, SRS antenna port configuration -aperiodic}; 
· DCI format 0 indicates PUSCH transmission associated with TB1; and
· Single-antenna transmission scheme should be used for the PUSCH for which PDCCH is configured by SPS C-RNTI irrespective to PUSCH Mode1 / Mode2 for dynamic scheduling.
In addition, we suggest RAN1 agrees on the exact method(s) supported for CQI-only triggered by DCI format 4 so that the CQI-only trigger by DCI format 4 can be decided.
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