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1. Introduction
A host of recent agreements have been made in UL SU-MIMO – both captured as study item [1] and work item decisions [2, 3, 4]. As discussed in [5], two of the open issues which can be resolved based on the current agreement level are as follows:

· Transmission mode definition
· DCI formats
In this contribution, we attempt to progress on the above issues which were also discussed in the previous contributions from other companies, e.g. [6 – 11].
2. Transmission mode
In Rel-8/9, PUSCH is transmitted only on a single-antenna port. Hence, there is no need for the definition of uplink (UL) transmission mode. With the introduction of UL multi-antenna transmission in Rel-10, at least a second multi-antenna-port mode needs to be defined for PUSCH. Since only spatial multiplexing is supported for UL MIMO, one multi-antenna port mode suffices. However, it is also possible to define another multi-antenna port mode for a single transport block (TB) or a single-layer transmission as proposed in [11] – analogous to transmission mode (TM) 6 for downlink. This allows single-layer codebook-based precoding transmission.  The transmission mode configuration for PUSCH is semi-statically configured via RRC signalling as it is UE-specific. Furthermore, the number of antenna ports used for PUSCH transmission may also need to be configured based on the UE capabilities. This, however, is not treated as a part of the transmission mode configuration since UE capabilities are communicated by the UEs to the eNodeB.
Likewise, multi-antenna port transmission can be done for PUCCH. Here, each PUCCH format is associated with a single transmit diversity scheme, e.g. SORTD for PUCCH format 1/1a/1b. The configuration is also UE-specific and done via RRC signalling. As mentioned in [8], transmission mode configuration for PUSCH and PUCCH can be defined independently. This has an advantage, for instance, in balancing the amount of PUCCH resources with the need for better PUCCH coverage regardless of the PUSCH transmission mode. 
Naturally, a single-antenna port fallback mode is used for each of the multi-antenna modes. This applies to both PUSCH and PUCCH. The fallback mode is used especially when the UE is initially connected to the eNodeB. For PUSCH, the fallback mode can be used in case there is some coverage issue in either PUCCH or PUSCH. A reasonable choice would simply be the uplink transmission schemes defined in Rel-8. For PUSCH, the single-antenna-port transmission with contiguous resource allocation is used as a fallback mode. Some possibilities of switching to the fallback mode are as follows: 

· Semi-static: This may be more applicable for PUCCH. For PUSCH, this is naturally supported via the transmission mode configuration. 

· Dynamic: Here, the eNodeB can schedule an UL transmission based on the fallback mode anytime. 

· This can be done via an explicit indication in the UL grant associated with the multi-antenna-port transmission (which is done in downlink). While this is a viable solution, it may require an additional field in the DCI format unless some free hypotheses within the precoding information field can be used. 

· Alternatively, it is expected that DCI format 0 is always searched in the PDCCH blind decoding. In this case, the fallback mode (which is associated with DCI format 0) can always be used regardless of the transmission mode configuration. This is analogous to the use of format 1A for downlink. This alternative was also discussed in [6].
Recommendation:
· At least two UE-specific RRC-configured transmission modes for PUSCH: 1) single-antenna port 2) multi-antenna port (the number of antenna ports depends on the UE capability). A third mode of multi-antenna single-TB transmission is also possible. PUCCH is separately configured with either single-antenna or multi-antenna port transmission mode.

· A dynamic switching between the configured transmission mode and the fallback mode (Rel-8 single-port transmission) is achieved via a default support of DCI format 0 in PDCCH blind decoding process.  
3. DCI formats
Due to the different nature of spatial multiplexing in multi-antenna transmission, at least one new DCI format is undoubtedly needed for multi-antenna transmission. Table 1 shows the additional DCI fields needed to support multi-antenna transmission based on DCI format 0 as defined in Rel-8/9 [12]. Two formats for supporting multi-antenna spatial multiplexing (format 4) and single-layer precoding (format 4A)are given. Note that format 4A is needed only when a multi-antenna transmission mode with only 1 layer (analogous to transmission mode 6 in DL) is supported. 

In the context of Rel-10, this represents contiguous RB allocation and a single component carrier. Hence, some additional fields such as CIF, SRS activation, and potentially larger bit-width for RB assignment may be present in the final format. The following considerations were made:
· Based on the decision of 2 MCSs, 2 NDIs, and 2 HARQ-ACKs, one additional MCS-RV and one additional NDI associated with the second codeword (CW1) are needed whenever up to 2 TBs can be transmitted. Delta MCS is not used to prevent some unnecessary scheduling or link adaptation limitation in the retransmission. Furthermore, a TB-to-CW swap flag is introduced similar to that in DCI format 2/2A to allow the possibility of swapping the TB-to-CW mapping which is especially useful in disabling one of the TBs (TB1 or TB2) while maintaining CW0 always enabled by default [12]. 
· The cyclic shift and OCC assignment for the additional DMRS ports are inferred from the assignment for the first port as agreed in RAN1#60 [4]. Hence, there is no need for the additional fields. 
· Per-CW/layer power control is not supported. Hence, an additional TPC field is not needed.
· One precoding information field representing joint encoding of TPMI and TRI is introduced. Based on the agreed codebook designs (see Table 2), 3 bits and 6 bits are needed for 2Tx and 4Tx, respectively, when all the possible transmission ranks are supported. For 1-layer transmission, only the rank-1 codebook is relevant. In this case, 3 bits and 5 bits are needed for 2Tx and 4Tx, respectively. 
Table 1 DCI format for UL grants. The differences due to UL SU-MIMO are highlighted, assume contiguous RA
	Field
	Format 0 
(single-antenna)
	Format 4 
(multi-antenna up to 2TB)
	Format 4A
(multi-antenna 1-layer)

	
	5MHz
	20MHz
	5MHz
	20MHz
	5MHz
	20MHz

	Format flag 
	1
	1
	1 
	1 
	1 
	1 

	Hopping flag
	1
	1
	1
	1
	1
	1

	RB assignment: 
	9
	13
	9
	13
	9
	13

	MCS-RV for CW0
	5
	5
	5
	5
	5
	5

	New Data Indicator for CW0
	1
	1
	1
	1
	1
	1

	MCS-RV for CW1
	-
	-
	5
	5
	-
	-

	New Data Indicator for CW1
	-
	-
	1
	1
	-
	-

	TB-to-CW swap flag 
	-
	-
	1
	1
	-
	-

	TPC
	2
	2
	2
	2
	2
	2

	Cyclic shift for DMRS
	3
	3
	31
	31
	31
	31

	CQI request
	1
	1
	1
	1
	1
	1

	UL index (TDD only)
	2
	2
	2
	2
	2
	2

	RNTI / CRC
	16
	16
	16
	16
	16
	16

	Precoding information (TPMI + TRI) (2 or 4-Tx)
	-
	-
	3 (2Tx) or 
6 (4Tx)
	3 (2Tx) or 

6 (4Tx)
	3 (2Tx) or 

5 (4Tx)
	3 (2Tx) or 

5 (4Tx)


Note 1: this assumes an offset between the dynamically signalled cyclic shift for the primary antenna port and the DMRS cyclic shifts used for the other antenna ports. The offset can be semi-statically configured by RRC signalling or could be a fixed value.

Table 2 Precoding codebook size for UL SU-MIMO
	Rank (number of layers)
	Codebook size

	
	2Tx
	4Tx

	1 
	6
	24

	2
	1
	16

	3 
	-
	12

	4
	-
	1


For supporting up to 2-TB transmission, two issues need to be considered in relation to the design of DCI format 4:
1. Indication of TB disabling (one of the TBs is disabled, i.e. TBS=0) via MCS-RV field. In Rel-8/9, TBS=0 (disabling) only needs to be signaled in the UL grant when CQI request is activated (no data, only CQI trigger). The condition is as follows: MCS=29, N_RB(4, and CQI request=1 [13]. Note that the non-zero number of RBs is used for transmitting the QPSK-modulated CQI (UCI). Note also that N_RB=0 is not possible with the types of resource allocation that are currently defined in the specification [13]. For Rel-10, on the other hand, it is also needed when only 1 TB is transmitted in case of DCI format 4 regardless whether CQI request is present (=1) or not (=0). 
2. Support of 1-TB-2-layer transmission for 4Tx. While the main intention of this layer mapping is to support retransmission, its use for a first transmission is not precluded by the specification for DL SU-MIMO. Regardless, since the same layer mapping and HARQ principles are adopted for UL SU-MIMO, it is natural to support such layer mapping in UL SU-MIMO as well (see also [5]). While supporting this functionality is possible by adding a dedicated field in the DCI, we seek for a solution which does not increase the DCI payload as this functionality is intended only for retransmission.
The above two issues are closely related and need to be considered together. For instance, if the 1-TB-2-layer transmission for 4Tx is not supported, TBS=0 indication for format 4 is not strictly needed for 1-TB transmission since the disabled TB can simply be inferred from the precoding information field (by extracting the TRI value since TRI=1 implies 1 TB) and the TB-to-CW swap flag (to determine which of the two TBs is mapped onto CW1 and hence disabled). The MCS-RV value for CW1 becomes irrelevant in this case. However, if the 1-TB-2-layer transmission is supported, this is no longer true since TRI=2 may imply either 1-TB or 2-TB transmission. Note that restricting the use of 1-TB-2-layer mapping for retransmission only does not simplify the problem
Essentially, disabling a TB is equivalent to disabling CW1 when the TB-to-CW swap flag is used. There are several possible solutions to indicate CW1 disabling for DCI format 4:
a) Adopt the MCS indication scheme used for DL. Here, TBS=0 (disabled) is indicated by MCS=0 and RV=1 for CW1. Hence, the MCS indication scheme in the DL (separate encoding of MCS and RV, different MCS table interpretation) is used in place of the MCS indication mechanism for Rel.8/9 UL (no dedicated field for RV since RV is a part of the MCS field). While this is a possibility, it is not preferred since the MCS indication scheme for Rel.8/9 UL was designed based on the assumption of synchronous HARQ among other considerations. 

b) Extend the Rel.8/9 UL mechanism with a slight modification. 
a. One such solution is to use MCS=29 for CW1 and N_RB(4 – regardless of the CQI request – to indicate CW1 disabling. Essentially, this does not allow the eNB to schedule an adaptive retransmission with RV=1 and smaller RB allocation even when CQI request is not present (=0). While this solution does not significantly impact scheduling flexibility for larger UL system bandwidth, it is quite constraining for smaller UL system bandwidths such as 1.4MHz (where only 6 RBs are available) with contiguous resource allocation. 
b. A modified solution is to use MCS=29 for CW1 with a smaller N_RB value. One possibility is N_RB=1. This imposes less constraint to the scheduling flexibility for smaller system bandwidth and even no constraint to larger system bandwidths with RBG-level allocation (potentially used for non-contiguous RB allocation). This solution seems preferred compared to the first one.   
If a solution to the TB disabling problem is used, the problem of supporting 1-TB-2-layer transmission becomes simpler. A UE may assume an assignment (grant) with 1-TB-2-layer mapping when CW1 is disabled (e.g. MCS=29 for CW1 and N_RB=1) and the TB associated with CW1 is indicated with the TB-to-CW swap flag (e.g. 0 indicated the first TB is mapped to CW0 and the second TB mapped to the disabled CW1, and vice versa) and TRI=2 (extracted from the precoding information field). Any of the 16 rank-2 precoding matrices can be used.  
If, however, the constraint in scheduling flexibility associated with TB disabling is to be avoided, supporting the 1-TB-2-layer mapping is still possible without using a TB disabling mechanism. One solution is to use the reserved hypotheses in the precoding information field. Since the total number of hypotheses for 4Tx precoding is 24+16+12+1=53, there are 11 unused hypotheses from the 6-bit precoding information field. The 11 unused hypotheses can then be used to support 1-TB-2-layer mapping in addition to the 16 hypotheses used for 2-TB-2-layer mapping. Those 11 hypotheses will indicate TRI=2 with 1 TB with the use of a subset of the size-16 rank-2 codebook. Using fewer than 11 hypotheses (e.g. 8) is also possible if 8 precoding matrices are deemed sufficient. While this solution does not impose any scheduling restriction in terms of the number of RBs, it does not allow the use of all the 16 available rank-2 precoding matrices. This restriction may however be acceptable since the use of 1-TB-2-layer mapping is perceived to be less common than 2-TB-2-layer mapping for 4Tx.  
Related to the issues we discussed above, it should also be noted that CQI request procedure may need to be slightly extended for DCI format 4 regardless of the solution for TB disabling and/or supporting 1-TB-2-layer mapping. In the presence of UL data request in the UL grant, CQI request procedure is rather obvious, i.e. simply set “CQI request” to 1. In the absence of data, however, setting both “MCS-RV for CW0” and “MCS-RV for CW1” to 29 should be sufficient to indicate CQI request without data in addition to setting “CQI request” to 1 and N_RB ( 4 (which in turn implies the use of QPSK modulation). While it is also possible to use TRI from the precoding information field to indicate CQI request in conjunction to the other hypotheses, this is only applicable when UCI is always reported as a rank-1 transmission. This is only one of the alternatives for UCI multiplexing solution which is not yet agreed in RAN1. 
The discussion in the previous paragraph may also be applicable to SRS activation. 
Recommendation:

· 5-bit MCS-RV and 1-bit NDI for the second codeword (CW1) are needed for the DCI format 4 supporting multi-antenna spatial multiplexing transmission mode.
· Precoding information field represents joint encoding of TRI and TPMI: 3 bits for 2Tx and 6 bits for 4Tx 

· 1-bit TB-to-CW swap flag

· Support 1-TB-2-layer mapping for 4Tx. Two alternatives should be considered (one to be selected):

· Alt1: Add CW1 disabling mechanism indicated by, e.g. MCS for CW1 = 29 and N_RB=1 ( scheduling restriction

· Alt2: Utilize all or some out of the 11 unused hypotheses in precoding information field ( rank-2 precoding restriction when 1-TB-2-layer transmission occurs
· In the absence of data, CQI request (trigger) is indicated by CQI request=1, MCS-RV for CW0 = MCS-RV for CW1 = 29, N_RB ( 4. 

4. Conclusion
The following proposals were made in regard of transmission mode configuration and DCI format to support UL multi-antenna transmission in Rel-10:

· At least two UE-specific RRC-configured transmission modes for PUSCH: 1) single-antenna port 2) multi-antenna port (the number of antenna ports depends on the UE capability). A third mode of multi-antenna single-TB transmission is also possible. PUCCH is separately configured with either single-antenna or multi-antenna port transmission mode.

· A dynamic switching between the configured transmission mode and the fallback mode (Rel-8 single-port transmission) is achieved via a default support of DCI format 0 in PDCCH blind decoding process.  
· 5-bit MCS-RV and 1-bit NDI for the second codeword (CW1) are needed for the DCI format 4 supporting multi-antenna spatial multiplexing transmission mode.

· Precoding information field represents joint encoding of TRI and TPMI: 3 bits for 2Tx and 6 bits for 4Tx 

· 1-bit TB-to-CW swap flag

· Support 1-TB-2-layer mapping for 4Tx. Two alternatives should be considered in DCI format 4 (one to be selected):

· Alt1: Add CW1 disabling mechanism indicated by, e.g. MCS for CW1 = 29 and N_RB=1 ( scheduling restriction

· Alt2: Utilize all or some out of the 11 unused hypotheses in precoding information field ( rank-2 precoding restriction when 1-TB-2-layer transmission occurs

· In the absence of data, CQI request (trigger) in DCI format 4 is indicated by CQI request=1, MCS-RV for CW0 = MCS-RV for CW1 = 29, N_RB ( 4. 
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