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1. Introduction
A number of decisions were made in the previous meetings which includes the decision to support only 2 Rel-10 UL modes. Consequently, the discussion on the details for DCI format 4 can ensue. In this contribution, we attempt to finalize the details on DCI format 4 to complete the Rel.10 UL SU-MIMO. 
2. DCI format 4
To support UL SU-MIMO, some additional fields over DCI format 0 are needed for DCI format 4. Table 1 shows the additional DCI fields needed to support multi-antenna transmission based on DCI format 0 as defined in Rel-8/9 [2]. 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, extended CQI request field for multiple DL component carriers, and potentially larger bit-width for RB assignment may be present in the final format. 
Table 1 DCI format 4 to support UL SU-MIMO. The differences due to UL SU-MIMO are highlighted. 
	Field
	Format 0 
(single-antenna)
	Format 4 

(multi-antenna up to 2TB)

	
	5MHz
	20MHz
	5MHz
	20MHz

	Format flag 
	1
	1
	- 
	- 

	Hopping flag
	1
	1
	-
	-

	RB assignment: 
	9
	13
	9
	13

	MCS-RV for TB1
	5
	5
	5
	5

	New Data Indicator for TB1
	1
	1
	1
	1

	MCS-RV for TB2
	-
	-
	5
	5

	New Data Indicator for TB2
	-
	-
	1
	1

	TPC
	2
	2
	2
	2

	Cyclic shift for DMRS
	3
	3
	3
	3

	CQI request
	1
	1
	1
	1

	UL index (TDD only)
	2
	2
	2
	2

	RNTI / CRC
	16
	16
	16
	16

	Precoding information field PIF (including TPMI + TRI) (2 or 4-Tx)
	-
	-
	Up to 3 (2Tx) or 

Up to 6 (4Tx)
	Up to 3 (2Tx) or 

Up to 6 (4Tx)


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

	Total no. hypotheses
	7
	53


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 transport block (TB2) 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. Similar to Rel.8 DL SU-MIMO, CW0 is always enabled by default [8] to allow simpler specification for layer mapping. Hence, the mapping from TB to CW is fixed for 2-TB transmission. Following the Rel.8 DL SU-MIMO principle, MCS-RV and NDI are defined as TB-specific. 
· While TB-to-CW swap flag is used for Rel.8/9 DL SU-MIMO to allow some flexibility in mapping TB to CW, its utility for UL SU-MIMO is rather unclear. Hence, we propose not to introduce such DCI field. 
· Format flag in DCI format 0 (to indicate whether it is format 0 or 1A) is not needed for DCI format 4. 
· While PUSCH hopping could be useful for single-antenna transmission (especially contiguous RA), its use with precoded spatial multiplexing in UL SU-MIMO is unclear. The additional diversity gain is expected to be limited, if any. Hence, we propose not to support frequency hopping for UL SU-MIMO – and hence in DCI format 4.

· 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. 
· One precoding information field (PIF) which includes TPMI and TRI is introduced. 
· The most simplistic alternative is to jointly encode TPMI and TRI. Based on the agreed codebook designs (see Table 2), 3 bits and 6 bits are needed for 2Tx and 4Tx, respectively. 
· However, a more efficient and robust design is possible as discussed later.
For supporting up to 2-TB transmission, two issues need to be considered in relation to the design of DCI format 4:
1. Explicit 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 [9]. 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. Furthermore, this layer mapping simplifies 1-TB retransmission (out of 2 TBs in the previous transmission) in case of non-adaptive HARQ. 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 originally intended only for retransmission.
The above two issues are closely related and need to be considered together. For instance, 
· For 2Tx, a TB disabling mechanism is not needed since TB disabling can simply be inferred from the precoding information field (by extracting the TRI value since TRI=1 implies 1 TB) and the fact that CW0 (mapped to the TB indicated by the TB-to-CW swap flag) is always enabled. The MCS-RV value for TB2 becomes irrelevant in this case. 
· The same reasoning holds for 4Tx if the 1-TB-2-layer transmission for 4Tx is not supported. That is, TBS=0 indication for format 4 is not needed for 1-TB transmission. 
· 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
Several possible solutions have been proposed to indicate TB disabling for DCI format 4:
a) Alt1: Adopt the MCS indication scheme used for DL [1]. 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) Alt2: Extend the Rel.8/9 UL mechanism with a slight modification. 
· It was previously suggested, e.g. in [1] that a combination of MCS-RV=29 for the disabled TB and a smaller value of N_RB can be used to indicate the TB disabling. This, however, is not feasible since both TBs share the same RB assignment – which is needed for allocating the RBs for the other TB. Such solution can therefore be ruled out. 

· Another possibility was proposed in, e.g. [5, 6] which uses a combination of MCS-RV=29 with NDI toggling. The rationale is that the number of RBs cannot be inferred from such combination (since MCS-RV=29 is used for retransmission and NDI toggling indicates a new transmission). This scheme is feasible although it relies on the previously transmitted UL grant (which may be missed by the UE). 
c) Alt3: Utilize the unused MCS-RV and NDI fields of the disabled TB jointly with precoding information field (PIF) to signal precoding information (TPMI + TRI) in conjunction with the number of TBs whenever applicable. This mechanism was proposed in [7]. Essentially, the additional bits are jointly encoded with the unused MCS-RV+RI thereby circumventing the need for an explicit TB disabling mechanism. As a result, the total payload is reduced by 2 bits for 2Tx and 1 bit for 4Tx.  Furthermore:

· While this scheme also utilizes NDI, it does not utilize NDI toggling as in Alt2. Hence, this scheme is not susceptible to a missed detection of the previous UL grant. 
· However, the exact scheme proposed in [7] uses a CW-specific MCS-RV/NDI definition rather than a more natural TB-specific definition (the NDI associated with CW1 in [7] is essentially a TB-to-CW swap flag). While this is not a major issue and still aligned with the basic assumption of CW0 always on, it departs from the TB-specific principle used in Rel.8 DL SU-MIMO. 
Among the above proposed alternatives, Alt3 seems to be promising although it departs from the TB-specific definition. To main the TB-specific definition, one minor modification is to add some more hypotheses into the precoding information field (PIF) into the scheme proposed in [7]. This can be done, for instance, as shown in Tables 3 and 4 for 2Tx and 4Tx, respectively. We term this solution Alt3b.  
Table 3 2Tx: need a total of 3 PIF hypotheses (2 bits). TPMI indexing is based on TS36.211 Sec 5.3.3.A.2
	PIF hypothesis
	MCS-RV and NDI of disabled TB
	Interpretation

	
	
	Disabled TB
	TRI
	No. TBs
	TPMI

	0
	Hypotheses 0 to 5 of MCS-RV, NDI unused
	TB1
	1
	1
	0 – 5

	1
	Hypotheses 0 to 5 of MCS-RV, NDI unused
	TB2
	1
	1
	0 – 5

	2
	Disregard 
	None 
	2
	2
	0


Table 3 4Tx: need a total of PIF 31 hypotheses (5 bits). TPMI indexing is based on TS36.211 Sec 5.3.3.A.2
	PIF hypothesis
	MCS-RV and NDI of disabled TB
	Interpretation

	
	
	Disabled TB
	TRI
	No. TBs
	TPMI

	0
	Hypotheses 0 to 23 of MCS-RV, NDI=0
	TB1
	1
	1
	0 – 23

	
	Hypotheses 0 to 15 of MCS-RV, NDI=1
	TB1
	2
	1
	0 – 15 

	1
	Hypotheses 0 to 23 of MCS-RV, NDI=0
	TB2
	1
	1
	0 – 23

	
	Hypotheses 0 to 15 of MCS-RV, NDI=1
	TB2
	2
	1
	0 – 15

	2 – 17 
	Disregard 
	None
	2
	2
	0 – 15

	18 – 29 
	Disregard 
	None 
	3
	2
	0 – 11 

	30
	Disregard 
	None 
	4
	2
	0


Apart from the overhead saving from the most simplistic scheme, Alt3b does not suffer from the previous UL grant dependency as in Alt2. At the same time, it still uses the TB-specific MCS-RV/NDI definition. This only costs 1 additional bit for 2Tx and none for 4Tx.
Related to the issues we discussed above, it should also be noted that CQI request procedure may need to be 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, only one TB is used for CQI (UCI) transmission which is inline with the agreement on UCI multiplexing for CQI. In this case, one of the TBs can be disabled using the above TB disabling mechanism. For simplicity, it can be assumed that only TB1 is used for CQI (UCI) transmission in the absence of data. The same mechanism as Rel.8 can be used for TB1, i.e. setting the “MCS-RV for TB1” to 29 in addition to setting “CQI request” to 1 and N_RB ( 4 (which in turn implies the use of QPSK modulation). 
3. Conclusion
The following proposals were made in regard of DCI format 4 to support UL multi-antenna transmission in Rel-10:

Proposal:

· MCS-RV and NDI are TB-specific similar to Rel.8 DL SU-MIMO. A 5-bit MCS-RV and 1-bit NDI for the second TB (TB2) are needed for the DCI format 4 supporting multi-antenna spatial multiplexing transmission mode.

· Format flag is not needed: Unlike DCI format 0, DCI format 4 does not need to share the same size as another DCI format.

· Hopping flag is not needed: There is no need to support frequency hopping for UL SU-MIMO. 

· Support 1-TB-2-layer mapping for 4Tx. 

· Introduce a precoding information field (PIF): 
· PIF: 2 bits for 2Tx and 5 bits for 4Tx
· TPMI and TRI (as well as the number of TBs if necessary) are conveyed by the precoding information field (PIF) together with the unused MCS-RV+NDI fields as shown in the tables below.
· Advantages: avoid dependency on the previous UL grant in Alt2 [5, 6] and stick to TB-specific definition unlike Alt 3 [7].

Table 5 2Tx: need a total of 3 PIF hypotheses (2 bits)
	PIF hypothesis
	MCS-RV and NDI of disabled TB
	Interpretation

	
	
	Disabled TB
	TRI
	No. TBs
	TPMI

	0
	Hypotheses 0 to 5 of MCS-RV, NDI unused
	TB1
	1
	1
	0 – 5

	1
	Hypotheses 0 to 5 of MCS-RV, NDI unused
	TB2
	1
	1
	0 – 5

	2
	Disregard 
	None 
	2
	2
	0


Table 6 4Tx: need a total of PIF 31 hypotheses (5 bits)
	PIF hypothesis
	MCS-RV and NDI of disabled TB
	Interpretation

	
	
	Disabled TB
	TRI
	No. TBs
	TPMI

	0
	Hypotheses 0 to 23 of MCS-RV, NDI=0
	TB1
	1
	1
	0 – 23

	
	Hypotheses 0 to 15 of MCS-RV, NDI=1
	TB1
	2
	1
	0 – 15 

	1
	Hypotheses 0 to 23 of MCS-RV, NDI=0
	TB2
	1
	1
	0 – 23

	
	Hypotheses 0 to 15 of MCS-RV, NDI=1
	TB2
	2
	1
	0 – 15

	2 – 17 
	Disregard 
	None
	2
	2
	0 – 15

	18 – 29 
	Disregard 
	None 
	3
	2
	0 – 11 

	30
	Disregard 
	None 
	4
	2
	0


· In the absence of data, CQI request (trigger) in DCI format 4 is indicated by CQI request=1, MCS-RV for TB1 = 29, N_RB ( 4 while TB2 is disabled.
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