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1. Introduction

In RAN1-#62bis, it was agreed that only two UL transmission modes are configured for PUSCH transmission, namely single-antenna port (SAP) mode and multiple-antenna port (MAP) mode.  For the MAP mode corresponding to DCI Format 4, there are two different configurations, which have two antenna ports {0, 1} and four antenna ports {0, 1, 2, 3}, respectively.  The two antenna ports configuration could be applicable for both 2-Tx and 4-Tx physical antennas scenarios.
In addition to these agreements regarding the UL transmission modes, the following agreements were made on the multi-antenna aspects of UL power control and the number bits required for dynamic aperiodic SRS triggering:
· No per antenna fast TPC commands - i.e. single TPC command

· For DCI Format 4, 2 or 3 new bits indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters
For the RB assignment and hopping information, it was already agreed in RAN1#62 that to differentiate between contiguous and non-contiguous RA and to support dynamic switching, the baseline is that a padding bit is used in DCI format 0, and a 1-bit flag is included in the new DCI format 4.  In case of non-contiguous RA, the frequency hopping flag is used as the MSB of the RA field. 

In this contribution, we propose the detailed design for DCI Format 4 [1] taking all the latest agreements into account.
2. Discussion
One other aspect to be taken into account in the design of DCI format 4 is the aperiodic CSI request. As discussed in detail in [2], in order to trigger the aperiodic CSI for multiple DL CCs in case of carrier aggregation, while achieving a trade-off between flexible scheduling, acceptable UL grant size, limited DL control signalling overhead and low additional CSI reporting payload, we propose to specify 2 bits (or possibly 3 bits at most) in the aperiodic CSI request field. This would always be included for Rel-10 UEs - i.e. the Rel-10 Format 0 size would be increased by the corresponding number of bits compared to the Rel-8 Format 0 size. 
2.1. DCI Format 4 for 2 Antenna Ports
Necessity of PMI field

As specified in TS36.211 [3] for LTE Rel-8 DL spatial multiplexing, the case of a single CW mapped to two layers is only applicable when the number of antenna ports is 4.  The same CW-to-layer mapping principle is reused for LTE-A Rel-10 UL spatial multiplexing.  For 2 antenna ports, full-rank transmission with two layers always uses two CWs.  Considering the fact that the precoding for full-rank 2-Tx transmission is an identity matrix as described in TR36.814 [4], the PMI field in DCI format 4 for up to 2-TB is unnecessary.

We recommend not specifying PMI field in DCI format 4 for the configuration of 2 antenna ports in PUSCH Mode 2.

TB disabling indication

To support dynamic rank adaptation, DCI format 4 for up to 2-TB has to support the scheduling of 1-TB enabled.  Unlike in the LTE Rel-8 DL, UL MCS and RV are jointly signalled, so that 1-TB disabling cannot be indicated by a special combination of MCS=0 and RV=1 as in Rel-8 DL grant.  Consequently, an additional bit is needed for a TB Disabling Indication (TBDI) in DCI format 4.  In addition, for a transmission or retransmission with only one TB, the enabled TB could be always mapped to CW0 as in the LTE Rel-8 DL.  Thus the TB-to-CW swap flag (Swap) could be used to differentiate TB disabling and 1-CW retransmission functions.  For example, the TB disabling mechanism for 2 antenna ports could be performed as follows,

· If TBDI=0 and Swap=0, at least one of the two TBs is disabled.  

· The NDI for a given TB could be used to indicate that the TB is disabled. E.g., 

· NDI1=1 and NDI2=0 denotes TB1 is enabled and TB2 is disabled

· NDI1=0 and  NDI2=1 denotes TB1 is disabled and TB2 is enabled

· NDI1=0, NDI2=0 and CSI request=1/SRS request=1 denotes both TBs are disabled while aperiodic CSI and/or aperiodic SRS are transmitted

· The enabled TB is always mapped to CW0

· Then 3 bits out of the MCS and RV field corresponding to the disabled TB could be used to indicate the PMI of CW0 for single enabled TB, and the remaining 2 bits are reserved.  

1-CW retransmission

Moreover, this disabling mechanism could straightforwardly be used for the 1-CW retransmission scenario as follows,

· If TBDI=0 and Swap=1, one of the two TBs is to be retransmitted and the other TB is terminated.  

· The NDI for a TB could be used to indicate that the TB is to be retransmitted, i.e.,

· NDI1=0 and NDI2=1 denotes only TB1 is to be retransmitted

· NDI1=1 and NDI2=0 denotes only TB2 is to be retransmitted

· The retransmitted TB is always mapped to CW0

· Then 3-bits out of the MCS and RV field corresponding to the terminated TB could be used to indicate the PMI of CW0 for a single retransmitted TB and the remaining 2 bits are reserved.  

2.2. DCI Format 4 for 4 Antenna Ports
PMI field

For spatial multiplexing with 2-TB, the transmission rank is not less than 2.  The total number of precoding matrices for rank-2, rank-3 and rank-4 is 29.  Therefore, 5-bit PMI is sufficient for 2-TB transmission according to the latest agreements.  However, 6-bit PMI could be considered to support possible new codebook enhancement for a future release if DCI format 4 could be aligned with configured DL DCI formats.

TB disabling indication

Even with 5-bit PMI for 2-TB transmission, there are 3 redundant indices for reservation.  We could use one reserved index to perform TB disabling and another reserved index to denote the 1-CW retransmission scenario.  For example, the TB disabling mechanism for 4-Tx could be performed as follows,

· If PMI index, IPMI=30, at least one of the two TBs is disabled.

· The NDI for a TB could be used to indicate that the TB is disabled. E.g., 

· NDI1=1 and NDI2=0 denotes TB1 is enabled and TB2 is disabled

· NDI1=0 and  NDI2=1 denotes TB1 is disabled and TB2 is enabled

· NDI1=0, NDI2=0 and CSI request=1/SRS request=1 denotes both TBs are disabled while aperiodic CQI and/or aperiodic SRS are transmitted

· The enabled TB is always mapped to CW0

· Then the combination of 1-bit TB-to-CW swap flag and 5-bit MCS and RV field corresponding to the disabled TB could be used to indicate the 6-bit PMI of CW0 for single enabled TB.

1-CW retransmission

Similarly, this disabling mechanism could straightforwardly be used for 1-CW retransmission scenario as follows,

· If PMI index, IPMI=31, one of the two TBs is to be retransmitted and the other TB is terminated.  

· The NDI for a TB could be used to indicate that the TB is to be retransmitted, i.e.,

· NDI1=0 and NDI2=1 denotes only TB1 is to be retransmitted

· NDI1=1 and NDI2=0 denotes only TB2 is to be retransmitted

· The retransmitted TB is always mapped to CW0

· Then the combination of 1-bit TB-to-CW swap flag and 5-bit MCS and RV field corresponding to the terminated TB could be used to indicate the PMI of CW0 for single retransmitted TB.
Table‑1 Message Contents of DCI Format 4 for 2-AP and 4- AP

	Contents
	DCI Format 4 for 2-AP 
	DCI Format 4 for 4-AP

	
	Number of bits
	Number of bits

	
	2-TB
	1-TB enabled
	2-TB
	1-TB enabled

	Contiguous/non-contiguous differential flag
	1
	1
	1
	1

	FH flag and RB assignment 
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	TBDI
	1 (TBDI=1) 
	1 (TBDI=0) 
	―
	―

	TB to CW swap flag
	1
	1
	1
	1

	MCS and RV for 1st TB
	5
	5
	3: PMI
	5
	5
	5: PMI

	
	
	
	reserved
	
	
	

	NDI for 1st TB
	1
	1
	1
	1

	MCS and RV for 2nd TB
	5
	3: PMI
	5
	5
	5: PMI
	5

	
	
	reserved
	
	
	
	

	NDI for 2nd TB
	1
	1
	1
	1

	PMI
	―
	―
	5 or 6
	5 or 6

	TPC
	2
	2
	2
	2

	CSI for Layer 0
	3
	3
	3
	3

	UL index (TDD only)
	2
	2
	2
	2

	Aperiodic CSI request
	3
	3
	3
	3

	Aperiodic SRS request
	2 or 3
	2 or 3
	2 or 3
	2 or 3

	CIF
	0 or 3
	0 or 3
	0 or 3
	0 or 3

	CRC
	16
	16
	16
	16

	Total Size
	(
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3. Estimated Sizes of UL DCI Formats for Different BW

In this section, we give the payload sizes of DCI format 4 with CIF at different BWs under the following assumptions: 

· 1-bit flag is used to distinguish between contiguous and non-contiguous RA;

· 5-bit PMI is used in DCI format 4 for 4-AP; 
· 3-bit aperiodic CSI request;

· 2-bit aperiodic SRS request;

· The required bits for RA are 6/7/10/12/13/14 for the BWs of 1.4/3/5/10/15/20MHz, respectively.

Table‑2 DCI Format 4 Sizes at Different BWs

	BW/PRBs

DCI format 4
	1.4MHz/ 6PRBs
	3MHz/ 15PRBs
	5MHz/ 25PRBs
	10MHz/ 50PRBs
	15MHz/ 75PRBs
	20MHz/ 100PRBs

	For 2-AP
	50
	51
	54
	56
	57
	58

	For 4-AP
	54
	55
	58
	60
	61
	62


4. Conclusions

In this contribution, we investigate the specific design of DCI format 4 with different configurations of antenna ports.  We propose:
· Specifying different message contents of DCI format 4 with different sizes for 2-AP and 4-AP configurations
· Not including a PMI field in the DCI format 4 for up to 2-TB in 2-AP case
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