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1 Introduction

In LTE Rel.10, UL SU-MIMO is supported by two transmission modes, i.e. transmission mode 1 (TM1) for single antenna port and transmission mode 2 (TM2) for multiple antenna ports. According to the agreements [1] and conclusions from previous meeting [2][3][4][5], the remaining issues for UCI control signalling include:
· Whether to adopt Frequency hopping flag or not in DCI format 4
· Whether to adopt TPC command or not in DCI format 4
· Whether to adopt TB to codeword swap flag or not in DCI format 4
· How to indicate TB disabling in DCI format 4
· TPMI & Rank indication in DCI format 4
· CQI triggering in DCI format 4
· SRS triggering in DCI format 4 and DCI format 0
The last issue is resolved in a companion contribution [6]. And this contribution is trying to resolve the other issues to finish the uplink control signalling design.
2 Remaining issues of PDCCH control signalling design by DCI format 4
2.1 Frequency hopping flag 
The frequency hopping flag is supported in DCI format 0 to get frequency diversity gain and improve robustness for the single antenna transmission. Since DCI format 4 is used with TM2,  the benefit of frequency hopping is not obvious. This is because frequency hopping leads to a distributed resource allocation, and according to the control signalling design in uplink, only one PMI is indicated, so there is no guarantee that the indicated PMI is suitable across all the distributed resource blocks. Furthermore, localized resource allocation together with frequency scheduling could achieve more gain compared with frequency hopping in TM2. Due the reasons mentioned above, frequency hopping is not needed in DCI format 4.
Proposal 1: Frequency hopping is not supported, i.e. no flag is needed 
2.2 TPC command 

In [7], UL power control method for multiple antennas is discussed in detail and sum power control is proposed, which is a straightforward extension of SIMO power control. The sum power is shared across layers/codewords and can be dynamically controlled by PDCCH signalling. If more dynamic and flexible power sharing for two transmitted codewords is beneficial, power offset values could also be signalled by PDCCH. In this case, a single offset value between the 2 codewords should be sufficient. Then the TPC field in the DCI format can include two parts, one part is to indicate 
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 for sum power f (i) accumulation (same as in Rel.8), the other part indicate which is the power offset between two codewords.  The TPC discussion is still ongoing.
Proposal 2: At least 2 bits for TPC commands
2.3 TB to codeword swap flag 

Although uplink DMRS is used, a method is still needed for an eNB indicating TB to codeword swap in uplink MIMO. The reason is that in the uplink, antenna gain imbalance (AGI) is a very common case due to hand gripping of the terminal. If an eNB detects AGI and tries to avoid the suppressed antenna for one specific TB, TB to codeword swap flag very naturally achieves this job. Another alternative solution (not supported by current standard specifications) is to let UE change the precoding vector for the TB undergoing AGI, but a precoding vector different from the indicated PMI might lead to the indicated MCS inefficient and unnecessary uplink interference.
Proposal 3: A TB to codeword swap flag bit should be supported 

2.4 TB disabling
In transmission mode 2, there are two cases where one of the two TBs needs to be disabled: 
Case 1: Rank 1 initial transmission or retransmission;
Case 2: Single codeword Rank 2 retransmission.

For case 1:
It can be assumed and specified that only the first CW is available for precoding. Thus the TB to CW swapping flag is reserved and can be reused to indicate which TB is disabled. 
For case 2: 
TB disabling is used in retransmission when one of the two CW does not need to be retransmitted. In UL grant for scheduling retransmission, the NDI bit of the disabled TB should not be toggled and this can either indicate retransmission or there is no new TB to be transmitted, i.e. the corresponding TB is disabled. To further distinguish between these two cases, the lowest MCS level IMCS=0 (QPSK and RV =0) can be used specially for TB disabling because IMCS=0 is not necessarily used for retransmission in the real system. 

Alternatively, since IMCS=29~31 are defined specially for retransmission, the toggled NDI (means new TB to be transmitted) and IMCS=29~31 in the same UL grant should not exist for normal transmission. Thus, a toggled NDI together with any of IMCS =29~31 can be used for TB disabling. 

This method of TB disabling for case 2 can also be used for Rank 1 retransmission.

Proposal 4: TB disabling is indicated by NDI combined with IMCS or alternatively for rank 1 case by reusing TB to codeword swap flag
2.5 TPMI & Rank indication 
According to the uplink codebook structure, there are 7 precoders for 2 Tx antennas and 56 precoders for 4 Tx antennas. Therefore, TPMI and rank can be jointly indicated in the DCI format with 3 bits for 2 Tx antennas and 6 bits for 4 Tx antennas. Although there are the possibilities of reducing the overhead of TPMI and Rank indication, it is not crucial since the UEs receiving DCI format 4 usually are located in the cell center and experience a higher SINR. So the benefit from a potential bit saving scheme from TPMI& Rank indication is not clear and we propose the straightforward indication: 
Proposal 5: TPMI & Rank indication with 3 bits for 2 configured PUSCH antenna ports and 6 bits for  4 configured PUSCH antenna ports is supported
2.6 CQI triggering 
A companion contribution [8][9] is submitted to resolve the case that UCI size is too large to put in PUSCH due to possibly introduced feedback mode 3-2. If mode 3-2 is finally not adopted, reusing Rel-8 CQI triggering scheme is enough. Setting CQI request =1 means CQI/PMI/RI is transmitted with PUSCH and setting IMCS,i=29, CQI_request=1 and N_PRB<=4 means CQI/PMI/RI is transmitted without PUSCH.
Proposal 6: If mode 3-2 is finally not adopted, the Rel-8 CQI triggering with a single bit  is reused.
3 Conclusions
We propose the following to be agreed to finalize the content and interpretation of DCI format 4:
Proposal 1: 
Frequency hopping is not supported, i.e. no flag is needed 

Proposal 2: 
At least 2 bits for TPC commands
Proposal 3: 
A TB to codeword swap flag bit should be supported 

Proposal 4: 
TB disabling is indicated by NDI combined with IMCS or alternatively for rank 1 case by reusing TB to codeword swap flag

Proposal 5: 
TPMI & Rank indication with 3 bits for 2 configured PUSCH antenna ports and 6 bits for 4 configured PUSCH antenna ports is supported
Proposal 6: 
If mode 3-2 is finally not adopted, the Rel-8 CQI triggering with a single bit is reused.
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