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1
Introduction

In RAN1#62bis meeting [1], UL transmission modes related to SU-MIMO UEs were discussed. It was agreed that PUSCH transmission mode, PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC, where configurations are UE specific, carrier specific for PUSCH and SRS, and independent from DL PDSCH transmission mode configuration. On PUSCH transmission modes, it was agreed that:
· 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. Additional configuration of individual features is FFS.

· PUSCH Mode 2 is the multiple antenna port mode

· Two different configurations exist in this mode, one for 2 PUSCH antenna ports and the other for 4 PUSCH antenna ports. The details of configuration, i.e,  UE-specific or cell-specific, remained FFS.  
· If fallback DCI format 0 is received by the UE, a single antenna port transmission is used.
In this contribution, we continue discussion on the details of required control signalling and in particular on DCI format 4 contents. 

3
DCI Format 4 Content 

Proposed content of DCI format 4 is shown in Table 1. On the DCI format content, following points are made: 

· We do not see any practical need to support intra-TTI frequency hopping in PUSCH Mode 2 and, thus, for FH flag in DCI format 4. 

· PMI and RI are jointly encoded into single field. 3 bits are needed for 2-Tx UE and 6 bits for 4-Tx UE for signalling agreed precoding codebooks. 
· TB-to-CW mapping can be determined as in Rel’8 DL without resorting to TB-to-CW swap flag when only one CW is enabled [2]. As practical benefits from TB-to-CW swap flag in UL SU-MIMO are not clear, we do not consider TB-to-CW swap flag for DCI format 4.
In Rel’8 DL SU-MIMO, retransmission of single TB mapped on two layers is supported when the TB was previously transmitted on two layers (i.e. retransmissions with other CW disabled for rank 3 or rank 4 first transmissions). It should be noted that rank-2 retransmissions of single TB are already supported with two ACK/NACK bits on PHICH. Further benefits from supporting adaptive retransmissions of single TB mapped on 2 layers are mainly on updated precoding, MCS and resource allocation as well as scheduling flexibility. However, the signaling support for singleb TB rank-2 retransmissions should not increase PDCCH payload or complicate interpretation of DCI. On other hand, it can be supported in a straightforward manner with proposed 6-bit PMI & RI field and TB disabling; simply, number of enabled TBs determines appropriate CW-to-layer mapping for rank 2 transmissions. 
In DL, the disabling of a TB is signaled with a particular combination of MCS and RV fields (MCS = 0 and RV =1). However,  MCS and RV are jointly encoded in UL grants. In ‎[3], it is proposed that N_RB =1 and MCS/RV = 29 for CW1 indicates that only one TB is enabled and TB-to-CW swap flag indicates the TB that is enabled. However, this creates severe scheduling restriction for remaining TB as N_RB is used for disabling the other TB. In ‎[4], it is proposed that PMI/RI indicates also when only one TB is enabled and NDI for CW1 indicates either new data for CW1 or enabled TB, and MCS for CW1 indicates either MCS or PMI conditionally on the number of enabled TBs. This has complex interpretation of DCI format. In ‎[5] it is proposed that TB is disabled if corresponding 
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 is set to zero.
A straightforward alternative for TB disabling is to use NDI toggling together with MCS/RV index of 29. Whenever UE receives such configuration, disabling of a TB is only logical behavior for the UE; new TB is indicated with toggled NDI but TB size cannot be determined with MCS/RV index of 29. Error case of missed UL grant needs to be considered when TB disabling is based on NDI. The error occurs when UE misses UL grant for first transmission of TB, i.e., NDI is toggled, and eNB wants to disable TB in the following grant, i.e., NDI is toggled again. As NDI is toggled twice, it is equal to NDI of previously transmitted TB and UE will interpret UL grant as retransmission for that TB. Error case is avoided with a minor restriction on disabling: when decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first scheduled transmission for that TB. The condition that neither of TBs is correctly received is used to indicate the potential miss of UL grant. Additionally, the potential NDI ambiguity exists only with first transmission.            
Proposal 1:  
RI and PMI are jointly encoded in one field with 3 bits for 2-Tx UE and 6 bits for 4-Tx UE 

Proposal 2:  
CW disabling is signaled with toggled NDI and MCS/RV = 29. Restriction on disabling: if decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first time when eNB scheduled transmission for that TB. 
Table 1 Content of DCI format 4 in PUSCH Mode 2. 
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Format 4

CIF higher layer configured 0 or 3

 RA format flag cont. / clustered RA 1

 PRB assignment

1.4 / 3.5 / 5 / 10 / 15 / 

20 MHz

 6 / 7 / 10 / 12 / 13 / 14

 TPC 2

 DM RS 3

 MCS + RV / CW 0 5

 NDI / CW 0 1

 MCS + RV / CW 1 5

 NDI / CW 1 1

 PMI + RI 2-Tx or 4-Tx UE 3 or 6

 UL index  TDD only 0

DAI TDD only 0

 CQI request 1

 SRS request 2 or 3 bits 2

 CRC 16

 
4
Summary 

In this contribution, we considered the details of DL control signalling related to UL SU-MIMO transmissions and in particular, DCI Format 4 contents. Based on discussions and results, we propose following:
Proposal 1:  
RI and PMI are jointly encoded in one field with 3 bits for 2-Tx UE and 6 bits for 4-Tx UE

Proposal 2:  
CW disabling is signaled with toggled NDI and MCS/RV = 29. Restriction on disabling: if decoding fails simultaneously for both TBs, eNB cannot disable a TB if it was first scheduled transmission for that TB.   
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