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1 Introduction
From RAN1#62bis, it has been agreed to define two PUSCH transmission modes as follows [1]:

· 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
As summarized above, DCI Format 4 is the reference DCI for the UL SU-MIMO transmission scheme in PUSCH Mode 2. A remaining issue is to finalize the design of DCI Format 4. This contribution will present the information elements to be defined in DCI Format 4 and the signalling of TB disabling and CQI only request.
2 Information elements in DCI Format 4
Considering the discussions on UL SU-MIMO so far, the information elements (IEs) to be defined in DCI format 4 are summarized as follows:
· Resource allocation (RA) type flag
· 1-bit flag for differentiation between contiguous and non-contiguous RA allocation

· Resource allocation
· One additional bit is added to RA IE from DCI Format 0 for support of non-contiguous RA. Note that the bit-width of RA IE in DCI Format 0 was 
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 denote the total number RBs in UL.
· Modulation and coding scheme and redundancy version (MCS&RV)
· DCI Format 4 is to signal two sets of TB property since UL SU-MIMO can support 2-CW transmissions without layer shifting. Considering 5-bit MCS&RV IE per TB, we propose to have 10 bits for the MCS&RV IE.
· New data indicator (NDI)
· It has been agreed from RAN1#60bis [2] to define 2 NDI bits for UL SU-MIMO without HARQ bundling.
· Transmit power control (TPC) command
· There is no need to change the TPC IE from DCI Format 0.
· Cyclic shift indicator (CSI)
· OCC is additionally introduced in LTE Rel10 UL for further orthogonalization between UL DMRS. It has been agreed that no additional signaling is defined for OCC indication and the existing 3-bit CSI IE indicates both cyclic shift values and OCCs.
· Frequency hopping (FH) indicator
· Since we do not see the need to keep the frequency hopping functionality in the case of UL SU-MIMO operation, we propose to remove this IE in DCI Format 4.
· CQI request
· Aperiodic channel status information (CSI) feedback multiplexed on PUSCH is triggered by CQI request. There is no need to change the CQI request IE from DCI Format 0.
· On the other hand, signalling of CQI only request needs to be revised since DL carrier aggregation and enhanced MIMO feedback increase the CSI payload size. See detailed discussions in Section 4.
· Precoding matrix indicator (PMI)

· Since the precoding codebooks for UL SU-MIMO are rank-specific and have different sizes for different ranks, the precoding information and rank information are jointly coded into the PMI IE. The bit-width of the PMI IE depends on the number of UE transmitter antennas.
· 3-bit PMI for a UE configured to use 2TX codebook

· 5-bit PMI for a UE configured to use 4TX codebook
· See detailed discussions on precoding signalling for 4TX codebook in Section 5.
· Swap flag (SF)
· Similar to Rel-9 DL, due to precoded DMRS, the need for swap flag is not clear. Hence, we do not propose to define the SF IE in DCI Format 4.
· Sounding reference signal (SRS) activation

· It has been agreed from RAN1#62bis [1] that 2 or 3 new bits in DCI Format 4 indicate 3 or 7, respectively, sets of RRC-configured aperiodic SRS transmission parameters.

Table 1 summarizes the IEs in DCI Format 4 comparing with those in DCI Format 0.

Table 1: Proposed IEs in DCI Format 4.

	Information Field
	Rel-8 Format 0 
	Rel-10 Format 4

	RA type flag
	-
	1

	RA
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	MCS&RV
	5
	10

	NDI
	1
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	TPC
	2
	2

	CSI
	3
	3

	FH indicator
	1
	-

	CQI request
	1
	1

	PMI
	-
	3 (for 2TX codebook) or
5 (for 4TX codebook)

	Swap flag
	-
	-

	SRS activation
	-
	2 or 3

	CRC (C-RNTI)
	16
	16


3 Signalling of TB disabling

DCI Format 4 should be able to signal 1-TB grant even though it is designed for 2-TB grant. Even though DCI Format 0 can also be used for 1-TB grant, it does not include PMI but only supports single-antenna fallback operation. To take advantage of the UE transmit beamforming, DCI Format 4 needs to be used even for 1-TB grant as DCI Formats 2 and 2A did for DL SU-MIMO. DCI Formats 2 and 2A have indicated the disable TB by setting IMCS = 0 and rvidx=1 simultaneously. However, the same approach cannot be applied to DCI Format 4 because MCS and RV are jointed coded into the MCS&RV IE in the UL grant. Therefore, for 1-TB grant, the specification should define how to signal which TB is disabled.

There were a few contributions [3-6] discussing this topic. An approach similar to Rel-8 was proposed in [3] to use a codepoint combining a specific MCS value and PRB value to indicate the disabling of a given TB. Another approach was proposed in [4,5] to use a codepoint combining a specific MCS value and NDI value to indicate the disabling of a given TB. On the other hand, it was proposed in [6] to jointly code PMI, rank and disabling of a given TB.
In our view, both approaches work equally well, and we would prefer an approach simply extended from Rel-8 DL signaling method for TB disabling. Followings are the potentially possible approaches for indication of disabled TB:
· Approach 1 (slight modification from the proposal in [3])
· If the number of RBs assigned to the UE is equal to or larger than a predefined threshold, then a small MCS value (e.g. IMCS = 0) is used to indicate disabling of the TB
· If the number of RBs assigned to the UE is smaller than the threshold, then a large MCS value (e.g. IMCS = 28) is used to indicate disabling of the TB.
· Otherwise the TB is enabled.

· Approach 2 [4,5]
· If the MCS indicates a predefined RV value (e.g. IMCS = 31) and NDI is toggled for a given TB, then the TB is disabled.
· Otherwise the TB is enabled.

4 Signalling of CQI only request
In Rel-8 and Rel-9, a set of conditions are defined for UCI-only transmission without a data TB as follows:
· IMCS = 29

· CQI request = 1

· NPRB ( 4
Note that the modulation scheme is always set to QPSK for UCI transmissions.
Extending the Rel-8/9 approach, we also see the need of supporting UCI-only transmission in a two-TB MIMO transmission, where CSI feedback alone occupies the layers associated with 1 CW and ACK/RI continue to spread across all layers. We may define the conditions for CQI-only transmission for DCI format 4, to be a simple extension of Rel-8: 

· At least one of IMCS,0 and IMCS,1 is 29

· CQI request = 1

· NPRB ( 4
The next issue is which CW the CSI feedback is transmitted on. In case one of the two MCS is 29, CSI feedback should be transmitted on a CW associated with MCS 29. In case both MCS are 29, we may consider a few alternatives:
· Alternative 1
· CSI feedback is transmitted on the layers associated with CW0 while CW1 is transmitted together.

· The modulation order of CW1 is determined from the DCI transported in the latest PDCCH with DCI format 4 for the same transport block using 0 ( IMCS ( 28.
· Alternative 2
· CSI is transmitted in both CWs.

Between these two alternatives, we prefer Alt 1, to be consistent with the early agreement of transmitting CSI in only one CW.

5 Signalling of PMI for 4TX codebook
According the current status in RAN1, the sizes of 4TX codebooks with 1, 2, 3, and 4 layers are 24, 16, 12 and 1, respectively. Then based on the number of enabled TBs, the total number of possible procoding matrixes can be calculated. As shown in Table 2:

· If both 2 TBs are enabled, which means at least 2 layers are present in this uplink transmission, the total number of precoding matrixes that needs to be indicated is 16+12+1=29 and 5 bits are enough.
· If only 1 TB is enabled, following the Rel-8 design for downlink spatial multiplexing (transmission mode 4), rank-1 transmission is possible for both initial transmission and retransmission, and rank-2 transmission is only allowed for retransmission of the TB transmitted using 2 layers. This means that in case where 1 TB is enabled, the PMI should be able to indicate a precoder given in both codebooks of rank-1 and rank-2, the corresponding total number of precoding matrices is 24+16=40, and 6 bits are needed.

Table 2: Number of available precoding matrixes

	Number of precoding matrixes
	1 TB disabled,
1 TB enabled
	2 TB enabled

	1 layer
	24
	

	2 layers
	16
	16

	3 layers
	
	12

	4 layers
	
	1

	Total
	40
	29


Based on above calculation, different bit overheads for precoding information are needed depending on the number of enabled TB(s). It is desirable to align the two different bit overheads. Since at least 5 bits have to be used in case 2 TBs are enabled, we discuss 2 options on how to use 5 bits to indicate precoding information for 1 TB (re)transmission. 

· Option 1: No support of 1 CW to 2 layers mapping in PDCCH-triggered retransmissions
· Since 2 HARQ-ACK bits will be supported for UL MIMO PUSCH, the case of 2-CW initial transmission and 1-CW retransmission can be supported by the eNB sending a (ACK, NACK) or (NACK, ACK) PHICH signal to the UE. This has the benefit of saving PDCCH overhead but it losses the ability to do adaptive HARQ retransmission. Following this consideration, the support of 1 CW to 2 layer mapping is not necessary in the UL grant and may not be supported in order to save some states in the MIMO UL grant. For example, if the 1 CW to 2 layers mapping is not supported in a retransmission triggered by an UL grant, the number of layers is fixed to 1 for single TB (re)transmission. That is, only 24 precoding matrixes need to be signalled for the 1 CW case and 5 bits are enough. This does not mean that 1 CW to 2 layers mapping is excluded in uplink spatial multiplexing. Actually, 1 CW to 2 layers mapping can still be enabled by PHICH since 2 HARQ-ACK bits are supported. 

· A summary of the number of precoding matrixes for Option 1 is provided in Table 3:
Table 3: Number of precoding matrixes in option 1
	Number of precoding matrixes
	1 TB disabled, 1 TB enabled
	2 TB enabled

	1 layer
	24
	

	2 layers
	
	16

	3 layers
	
	12

	4 layers
	
	1

	Total
	24
	29


· As discussed above, one drawback in option 1 is that it mandates to use non-adaptive retransmission in case 1 CW to 2 layers mapping is needed. Hence, another option is considered.
· Option 2: Reuse of the NDI bit of the disabled TB if the NDI bit is available for this signalling
· Once a TB is indicated as disabled in DCI Format 4, the NDI bit of this disabled TB is no more information. Therefore, this NDI bit can be used to assist the precoding information signalling in DCI Format 4. Specifically, the NDI bit of the disabled TB and a 5-bit field for precoding information in DCI Format 4 form 6 bits which are adequate for indicating 40 precoding matrixes. An example of option 2 is shown in Table 4.

Table 4: number of precoding matrixes

	Number of precoding matrixes
	1 TB disabled, 1 TB enabled
	2 TB enabled

	
	NDI of disabled TB is 0
	NDI of disabled TB is 1
	

	1 layer
	24
	
	

	2 layers
	
	16
	16

	3 layers
	
	
	12

	4 layers
	
	
	1

	Total
	24
	16
	29


· In Table 4, the NDI bit of the disabled TB is used to indicate the number of layers, i.e. if the NDI equals 0, the 5-bit precoding information indicates a precoding matrix with 1 layer from 24 candidates; while if NDI equals 1, the 5-bit precoding information indicates a precoding matrix with 2 layers from 16 candidates. 

6 Conclusions
This contribution presented IEs in DCI Format 4 and further details on specific signalling such as PMI, TB disabling, and CQI only request. Our proposal is summarized as follows:

· Design DCI Format 4 as in Table1.

· Singling of TB disabling: Simple extension from Rel-8 DL signaling method
· Approach 1: joint code-point of MCS&RV IE and the number of assigned PRBs or
· Approach 2: joint code-point of MCS&RV IE and the NDI IE
· DCI format 4 to trigger CQI-only transmission on one CW whose IMCS=29
· 5-bit PMI (and the NDI of the disabled TB) to signal a precoder in the 4Tx codebook
· Option 1: No support of 1 CW to 2 layers mapping in PDCCH-triggered retransmissions

· Option 2: Reuse of the NDI bit of the disabled TB
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