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1. Introduction

To support the new features of UL SU-MIMO, non-contiguous resource allocation (RA) and carrier aggregation (CA) in LTE-A Rel-10, UL transmission modes and the corresponding DCI formats design for UL grant have been discussed for several meetings, in terms of control signalling overhead and blind decoding complexity.  In the latest meetings, several important design criteria in terms of these three features, which may impact the DCI format design, are agreed in [1-5] as follows, 
· DL/UL transmission mode can be configured independently
· In the aspect of non-contiguous RA,
· Baseline is no new RRC- configured mode for non-contiguous RA;
· Maximum number of clusters is 2;
· Number of bits for the RA scheme
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· Frequency hopping is not supported simultaneously with non-contiguous PUSCH resource allocation.

· Support dynamic switching between Rel-8 single cluster transmission and Rel-10 multi-cluster PUSCH transmission
· No additional blind decodings to support non-contiguous UL RA 

· A 1-bit flag differentiates between contiguous and non-contiguous RA

· In single-antenna transmission case, baseline is that a padding bit is used

· In SU-MIMO case, 1-bit flag is included in new SU-MIMO DCI formats
· For single-antenna transmission, DCI format size is the same as DCI format 0 (without considering other aspects that are independent of contiguous vs. non-contiguous RA, which are considered separately)

· In the aspect of CA,

· CIF is not included in DCI format 0, 1A in common search space when CRC is scrambled by C-RNTI/SPS C-RNTI.

· Cross carrier scheduling for DCI format 0, 1, 1A, 1B, 1D, 2, 2A, 2B in UE specific search space should be supported by explicit CIF always.

· In the aspect of UL SU-MIMO,
· At least two new Rel-10 UE-specific RRC-configured transmission modes for PUSCH of UE with multiple APs: 

· Single-antenna port mode

· Multi-antenna port mode supporting up to 2 TB (the number of antenna ports depends on the UE capability). 

· FFS whether or not a third RRC-configured multi-antenna transmission mode is needed

· For PUSCH, a dynamic switching between the configured transmission scheme and a single-port fallback scheme with the same DCI format for all RRC configured modes
· 2NDI and 2A/N are needed for up to 2TBs
· Reuse the CW-to-layer mapping principle as in LTE Rel-8 DL spatial multiplexing
· For 2-Tx, 3-bit precoding codebook(CB)  is specified
· Size-6 CB for rank-1 precoding
·  1 identity matrix for rank-2 precoding
· For 4-Tx, 6-bit precoding codebook is specified

· Size-24 CB for rank-1 precoding

· Size-16 CB for rank-2 precoding

· Size-12 CB for rank-3 precoding

· 1 identity matrix for rank-4 precoding

· Other related issues,

· CS separation is the primary multiplexing scheme of DM RS
· OCC separation between slots as complementary multiplexing scheme of DM RS, where the OCC index is implicitly derived.

· CS and OCC for layer 0(nDMRS,0(2), nOCC,0) is derived from 3-bit cyclic shift indicator (CSI) in UL DCI format.
· CS for layer k (k=0,1,2,3) is derived from CS offset according to nDMRS,k(2)=(nDMRS,0(2)+∆k) mod 12
· CS offsets (∆k) for 2 layers are 0, 6 for k=0,1

· CS offsets (∆k) for 4 layers are 0, 6, 3, 9 for k=0, 1, 2, 3

· CS offsets (∆k) for 3 layers are 0, 6, 3 for k=0, 1, 2. 
· Dynamic aperiodic SRS is supported
· In case of DCI format 0 is used for SRS triggering, size of DCI format 0 remains the same as defined in Rel-8 at least in common search space.
According to the agreements in RAN1-#61bis, only a single 3-bit CSI corresponding to layer 0 is configured in UL DCI formats and the CS for other layers are implicitly derived from the single CSI.
However, the following issues are still under discussion, which may impact the DCI format design for UL grant,
· Whether to support per-antenna/per-CW UL power control using multiple TPC commands

· The methodology to trigger aperiodic CSI request and aperiodic SRS request provided for multiple DL CCs
· How to indicate TB disabling and 1-CW retransmission
In this contribution, we discuss these open issues and outline a specific design for the UL transmission modes and DCI formats for the UL grant taking the latest agreements into account.
2. UL Transmission Modes
We summarize our proposed UL transmission modes for both 2-Tx and 4-Tx in Table-1 and Table-2 respectively, updated according to the latest agreements.
UL transmission mode 1 (UL TM1) is configured for single-antenna port scheme with contiguous or non-contiguous RA.  Since no new RRC-configured mode and no additional blind decodings are supported for UL non-contiguous RA, only one DCI format, namely DCI format 0, is necessary in UL TM1.  If DCI format 0 does not include CIF indicated by higher-layer signalling, it can be allocated in the common search space; otherwise, it is allocated in UE-specific search space.

UL transmission mode 2 (UL TM2) is configured to support closed-loop spatial multiplexing with up to 2CWs.  We propose that new DCI formats 4A and 4B with different sizes are designed for 2-Tx and 4-Tx, respectively, where dynamic rank adaptation and 1-CW retransmission are supported.  Unlike the DL, the UE antenna configuration of 2-Tx or 4-Tx for UL transmission is exclusive depending on UE capability, and therefore each UE only has to monitor one of the two formats.  For 2-Tx, the precoding of 2-CW transmission is an identity matrix due to its full-rank transmission.  As a result, the PMI field is unnecessary for DCI format 4A.  For 4-Tx, 2-CW transmission could be or not full-rank, so that 5 to 6 bits PMI bits for precoding matrix/vector indication are needed.  As detailed in Section 3, there is at least 4-bit payload difference and different information fields between DCI format 4A and 4B.  

Therefore, we recommend specifying separate DCI formats with different sizes for 2-Tx and 4-Tx antenna configuration.
We further propose that an UL transmission mode 3 (UL TM3) be specified, in which DCI format 4C is configured for single-layer transmission with multiple-antenna ports, which could be applicable for UL MU-MIMO and transmit beamforming (similar to TM6 in the downlink). Since DCI format 4C needs to indicate the information for one TB only, for 2-Tx there is at least a 5-bit payload saving compared to DCI format 4A and at least  a 7-bit saving compared to DCI format 4B, as shown in Section 3.  

Therefore, we recommend specifying an additional RRC-configured UL transmission mode for single-layer transmission scheme (i.e., UL TM3). 

Since DCI format 0 is configured for all these three transmission modes, dynamic fallback to single-antenna port scheme is always supported.
Table-1: PDCCH and PUSCH configured by C-RNTI
	UL Transmission mode
	DCI format
	Search Space
	Transmission scheme of PUSCH corresponding to PDCCH

	UL Mode 1
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port without/with CIF, contiguous or non-contiguous RA

	UL Mode 2
	All UEs: 
DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port without/with CIF, contiguous or non-contiguous RA

	
	2-Tx: 
DCI format 4A
	UE specific by C-RNTI
	Closed-loop spatial multiplexing with up to two CWs and CIF, contiguous or non-contiguous RA 

	
	4-Tx: 
DCI format 4B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing with up to two CWs and CIF, contiguous or non-contiguous RA 

	UL Mode 3
	DCI format 0
	Common and

UE specific by C-RNTI
	Single-antenna port without/with CIF, contiguous or non-contiguous RA

	
	DCI format 4C     
	UE specific by C-RNTI
	Closed-loop spatial multiplexing with single layer and CIF, contiguous or non-contiguous RA


3. UL DCI Formats
In this section, we investigate the specific designs of various UL DCI formats in terms of the following issues taking the latest agreements into account. 
RB assignment and hopping information

To differentiate between contiguous and non-contiguous RA and to support dynamic switching, it was agreed that the baseline is that a padding bit is used in DCI format 0, and 1-bit flag is included in the new DCI formats for UL SU-MIMO.  In case of non-contiguous RA, the frequency hopping flag is used as the MSB of the RA field. 
UL per-antenna/per-CW power control

Considering that no remarkable performance gains are observed by adding another TPC command for UL multi-antenna power control, we prefer using a single TPC command in order to reduce the control signalling overhead as much as possible and no special modifications are needed for UL multi-antenna power control [17].
Aperiodic CSI request
As discussed in detail in [14], 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. 
Aperiodic SRS request
As discussed in [15], considering the acceptable UL grant size, limited DL control signalling overhead, and low additional SRS transmission overhead, we propose to use 2 bits to trigger dynamic aperiodic SRS transmission on one or multiple UL CCs. 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.
3.1. DCI format 4A for 2-Tx
Necessity of PMI field

As specified in TS36.211 [6] 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-Tx, 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 [7], the PMI field in DCI format 4A for up to 2-TB is unnecessary.
We recommend not specifying PMI field in DCI format for up to 2-TB in 2-Tx case.

TB disabling indication
To support dynamic rank adaptation, new DCI formats for up to 2-TB have 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 4A.  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-Tx 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.  

Table‑3 Message Contents of DCI Format 4A for 2-Tx and DCI Format 4B for 4-Tx
	Contents
	DCI Format 4A for 2-Tx 
	DCI Format 4B for 4-Tx

	
	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
	2
	2
	2

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

	CRC
	16
	16
	16
	16

	Total Size
	(
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3.2. DCI format 4B for 4-Tx
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 agreement of LTE-A Rel-10 UL.  However, 6-bit PMI could be considered to support possible new codebook enhancement for future release if DCI format 4B 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 active 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.
3.3. DCI format 4C for both 2-Tx and 4-Tx
DCI format 4C is designed for single-layer transmission as shown in Table-4.  Different from DCI format 4A and 4B, the information fields for TB-to-CW swap, MCS and RV, as well as CS of DM RS for second CW are saved in DCI format 4C.  Since there are 6 precoding vectors for single-layer transmission with 2-Tx and 24 rank-1 precoding matrices for 4-Tx, the PMI field has 3-bits for 2-Tx and 5-bits for 4-Tx.
Table‑4 Message Contents of DCI Format 4C for 2-Tx and 4-Tx respectively

	Contents
	Number of bits

	
	2-Tx
	4-Tx

	Contiguous/non-contiguous differential flag
	1
	1

	FH flag and RB assignment
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	MCS and RV
	5
	5

	NDI
	1
	1

	PMI
	3
	5

	TPC
	2
	2

	CS for DMRS
	3
	3

	UL index (TDD only)
	2
	2

	Aperiodic CSI request
	3
	3

	Aperiodic SRS request
	2
	2

	CIF
	0 or 3
	0 or 3

	CRC
	16
	16

	Total Size
	(
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4. Estimated Sizes of UL DCI Formats for Different System BWs
In this section, we estimate the payload sizes of the abovementioned DCI formats 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 4B; 
· 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‑5 UL DCI Format Sizes at Different BW
	BW/PRBs

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

	For 2-Tx
	DCI-4A
	50
	51
	54
	56
	57
	58

	
	DCI-4C
	45
	46
	49
	51
	52
	53

	For 4-Tx
	DCI-4B
	54
	55
	58
	60
	61
	62

	
	DCI-4C
	47
	48
	51
	53
	545
	55


5. Conclusions

In this contribution, we investigate the specific designs of UL transmission modes and DCI formats taking the latest agreements into account.  Some open issues are also considered and discussed.  We propose:
1. Specifying separate DCI formats with different sizes for 2-Tx and 4-Tx antenna configuration
2. Specifying an additional RRC-configured UL transmission mode for single-layer transmission scheme (i.e., UL TM3, similar to DL TM6).
3. Not including a PMI field in the DCI format for up to 2-TB in 2-Tx case
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