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1. Introduction
Compared to Rel-8/9 LTE, the potential of MIMO is further actualized in Rel-10 including support for higher-order SU-MIMO and enhanced MU-MIMO. At the last RAN1 #62 meeting, transmission modes and downlink control information (DCI) formats for enhanced DL MIMO for Rel-10 were discussed, and the following agreements were reached: 
· One new transmission mode was defined, supporting
· SU-MIMO up to rank-8 and SU/MU dynamic switching

· DCI format extended from Format 2B

· Consider further the potential benefits of adding a second new transmission mode, e.g. to support a compact MU-MIMO DCI format or to be more optimized for SU-MIMO up to 8 Txs 
Furthermore, the following way forward was approved in [1] via email after the RAN1 #62 meeting.
· Transmission mode and DCI design for Rel-10 DL MIMO
· One new transmission mode is defined for Rel-10 DL MIMO (transmission mode 9) supporting SU-MIMO up to rank-8 and SU/MU dynamic switching

· A new DCI format should be defined for this new transmission mode

·  The new DCI format handles SU-MIMO operation for rank 3-8 in addition to carrying the information content of DCI Format 2B for rank 1-2
· Encoding of the information content is FFS

· DCI Format 1A is used in the fall-back scheme of this transmission mode 

· Details of DCI design
· Joint coding of scrambling identity, DMRS port and number of layers can be considered to save signaling overhead. 

·  Other joint encoding schemes are not precluded
· TxD option in this DCI format is FFS

· At least one signaling table with 8 maximum number of layers has to be defined

·  Whether to define different signaling for 2 and 4 maximum number of layers is FFS
In this contribution, we describe our considerations regarding further details of DCI design to support DL MIMO transmission in Rel-10 based on the agreement and way forward mentioned above. 
2. Consideration of DCI Design for DL MIMO in Rel-10
2.1. Encoding of Information Content
To support SU-MIMO up to rank-8 and SU/MU dynamic switching in the new DCI format, the following detailed DL MIMO operations shall be considered in the design of DCI format(s).
· SU-MIMO
· Ranks 1-2: DM-RS density of 12 REs/RB and the OCC length of 2
· Ranks 3-4: DM-RS density of 24 REs/RB and the OCC length of 2
· Ranks 5-8 (only in the case of 8 Tx antenna ports): DM-RS density of 24 REs/RB and the OCC length of 4
· MU-MIMO
· Not higher than rank 2 for each UE and not higher than rank 4 in total
· Transparent MU-MIMO with 2 orthogonal DM-RS ports and 2 scrambling sequences
· DM-RS density of 12 REs/RB and the OCC length of 2
· Dynamic SU/MU-MIMO switching
· Transmission rank of the target UE
· DM-RS ports (and OCC length) assigned to the target UE
· DM-RS scrambling sequence index (SCID) to the target UE
Accordingly, Tables I(a) and I(b) lists all the states of DL MIMO corresponding to 8 Tx antenna ports and 4 Tx antenna ports, respectively.  
Table I – States of DL MIMO in Rel-10
(a) 8 Tx antenna ports
	State 
index
	UE 
rank
	Number of 
enabled 
transport blocks
	DM-RS ports
	SU/MU
	SCID
	DM-RS 
density 
(REs/RB)
	OCC 
length

	0
	1
	1
	Port {7}
	SU/MU
	0
	12
	2

	1
	1
	1
	Port {8}
	SU/MU
	0
	12
	2

	2
	1
	1
	Port {7}
	MU
	1
	12
	2

	3
	1
	1
	Port {8}
	MU
	1
	12
	2

	4
	2
	1
	Ports {7,8}
	SU/MU
	0
	12
	2

	5(*)
	2
	1
	Ports {7,8}
	MU
	1
	12
	2

	6
	3
	1
	Ports {7,8,9}
	SU
	0
	24
	2

	7
	4
	1
	Ports {7,8,9,10}
	SU
	0
	24
	2

	8
	2
	2
	Ports {7,8}
	SU/MU
	0
	12
	2

	9
	2
	2
	Ports {7,8}
	MU
	1
	12
	2

	10
	3
	2
	Ports {7,8,9}
	SU
	0
	24
	2

	11
	4
	2
	Ports {7,8,9,10}
	SU
	0
	24
	2

	12
	5
	2
	Ports {7,8,9,10,11}
	SU
	0
	24
	4

	13
	6
	2
	Ports {7,8,9,10,11,12}
	SU
	0
	24
	4

	14
	7
	2
	Ports {7,8,9,10,11,12,13}
	SU
	0
	24
	4

	15
	8
	2
	Ports {7,8,9,10,11,12,13,14}
	SU
	0
	24
	4

	16(**)
	4
	1
	Transmit diversity


(b) 4 Tx antenna ports
	State 
index
	UE 
rank
	Number of 
enabled 
transport blocks
	DM-RS ports
	SU/MU
	SCID
	DM-RS 
density 
(REs/RB)
	OCC 
length

	0
	1
	1
	Port {7}
	SU/MU
	0
	12
	2

	1
	1
	1
	Port {8}
	SU/MU
	0
	12
	2

	2
	1
	1
	Port {7}
	MU
	1
	12
	2

	3
	1
	1
	Port {8}
	MU
	1
	12
	2

	4
	2
	1
	Ports {7,8}
	SU/MU
	0
	12
	2

	5(*)
	2
	1
	Ports {7,8}
	MU
	1
	12
	2

	6
	2
	2
	Ports {7,8}
	SU/MU
	0
	12
	2

	7
	2
	2
	Ports {7,8}
	MU
	1
	12
	2

	8
	3
	2
	Ports {7,8,9}
	SU
	0
	24
	2

	9
	4
	2
	Ports {7,8,9,10}
	SU
	0
	24
	2

	10(**)
	4
	1
	Transmit diversity


(*) This state may be used for MU-MIMO between a UE with Rank 2 retransmission using 1 transport block and another UE/ other UEs. It is FFS whether or not such a transmission state is really necessary. 
(**) This state may be used to fallback to transmit diversity transmission in the case severely poor channel conditions are encountered. It is FFS whether or not such transmission state is really necessary.
It was agreed that the new DCI format for Rel-10 would be extended from Format 2B in Rel-9. Therefore, the codeword enable/disable mechanism using the modulation and coding scheme (MCS) and redundancy version (RV), and the DM-RS port indication mechanism using new data indication (NDI) of the disabled transport block as Rel-9 should be reused in the new DCI format for Rel-10. Compared to Format 2B in Rel-9, the difference in the new DCI format is the updated information in Rel-10 including the DM-RS ports and the number of layers. Based on whether or not this information is jointly encoded with SCID, two alternatives are considered for the DCI design.
· Alt.1: Using an independent SCID field
For Alt. 1, an independent SCID field is used and other information including the DM-RS ports and number of layers is jointly encoded [2 - 4]. In this case, 3 (2) additional bits are needed in the new DCI format for Format 2B for 8 (4) Tx antenna ports, respectively, and Tables II(a) and II(b) provide examples.
Table II – Example of 3-bit field and DL MIMO state indication for Alt. 1
(a) 8 Tx antenna ports
	Number of 
enabled transport blocks (via MCS 
and RV)
	NDI of disabled transport block
	Additional 
bit field
(3 bits)
	SCID
	DL MIMO state indication

	1
(Either of the two transport blocks is disabled)
	0
	0
	0
	1 layer, DM-RS port {7}, SCID 0

	
	1
	0
	0
	1 layer, DM-RS port {8}, SCID 0

	
	0
	1
	1
	1 layer, DM-RS port {7}, SCID 1

	
	1
	1
	1
	1 layer, DM-RS port {8}, SCID 1

	
	-
	2
	0
	2 layers, DM-RS ports {7,8}, SCID 0

	
	-
	2
	1
	2 layers, DM-RS ports {7,8}, SCID 1(*)

	
	-
	3
	0
	3 layers, DM-RS ports {7,8,9}, SCID 0

	
	-
	4
	0
	4 layers, DM-RS ports {7,8,9,10}, SCID 0

	
	-
	5
	0
	Transmit diversity(**)

	2
(Both of the transport blocks are enabled)
	-
	0
	0
	2 layers, DM-RS ports {7,8}, SCID 0

	
	-
	0
	1
	2 layers, DM-RS ports {7,8}, SCID 1

	
	-
	1
	0
	3 layers, DM-RS ports {7,8,9}, SCID 0

	
	-
	2
	0
	4 layers, DM-RS ports {7,8,9,10}, SCID 0

	
	-
	3
	0
	5 layers, DM-RS ports {7,8,9,10,11}, SCID 0

	
	-
	4
	0
	6 layers, DM-RS ports {7,8,9,10,11,12}, SCID 0

	
	-
	5
	0
	7 layers, DM-RS ports {7,8,9,10,11,12,13}, SCID 0

	
	-
	6
	0
	8 layers, DM-RS ports {7,8,9,10,11,12,13,14}, SCID 0


(b) 4 Tx antenna ports
	Number of 
enabled transport blocks (via MCS 
and RV)
	NDI of disabled transport block
	Additional 
bit field
(2 bits)
	SCID
	DL MIMO state indication

	1
(Either of the two transport blocks is disabled)
	0
	0
	0
	1 layer, DM-RS port {7}, SCID 0

	
	1
	0
	0
	1 layer, DM-RS port {8}, SCID 0

	
	0
	1
	1
	1 layer, DM-RS port {7}, SCID 1

	
	1
	1
	1
	1 layer, DM-RS port {8}, SCID 1

	
	-
	2
	0
	2 layers, DM-RS ports {7,8}, SCID 0

	
	-
	2
	1
	2 layers, DM-RS ports {7,8}, SCID 1(*)

	
	
	3
	0
	Transmit diversity(**)

	2
(Both of the transport blocks are enabled)
	-
	0
	0
	2 layers, DM-RS ports {7,8}, SCID 0

	
	-
	0
	1
	2 layers, DM-RS ports {7,8}, SCID 1

	
	-
	1
	0
	3 layers, DM-RS ports {7,8,9}, SCID 0

	
	-
	2
	0
	4 layers, DM-RS ports {7,8,9,10}, SCID 0


· Alt.2: Joint encoding with SCID
The increased signaling overhead in the new DCI format in Alt. 1 may be further reduced by using joint encoding of the DM-RS port and number of layers with the SCID information [5 - 6]. In this alternative, 3 (2) additional bits are needed with the SCID field removed in Format 2B, i.e., an additional 2 (1) bits from Format 2B, in the case of 8 (4) transmit antenna ports. Tables III(a) and II(b) provide examples that indicate each index of a 3 (2)-bit and 2-bit field for Alt. 2 for 8 (4) Tx antenna ports. Note, in the case of 4 Tx antenna ports, in order to limit the increased number of signaling bits of 1, only state (*) or (**) is supported. There is another possibility that both state (*) and (**) are supported with the same size of DCI format for 4 Tx and 8 Tx antenna ports used in order to, for example, minimize the testing efforts that will be discussed in Section 2.4.
Table III – Example of 3-bit field and DL MIMO state indication for Alt. 2
(a) 8 Tx antenna ports
	Number of 
enabled transport blocks (via MCS 
and RV)
	NDI of disabled transport block
	Additional 
bit field
(3 bits)
	DL MIMO state indication

	1
(Either of the two transport blocks is disabled)
	0
	0
	1 layer, DM-RS port {7}, SCID 0

	
	1
	0
	1 layer, DM-RS port {8}, SCID 0

	
	0
	1
	1 layer, DM-RS port {7}, SCID 1

	
	1
	1
	1 layer, DM-RS port {8}, SCID 1

	
	-
	2
	2 layers, DM-RS ports {7,8}, SCID 0

	
	-
	3
	2 layers, DM-RS ports {7,8}, SCID 1(*)

	
	-
	4
	3 layers, DM-RS ports {7,8,9}, SCID 0

	
	-
	5
	4 layers, DM-RS ports {7,8,9,10}, SCID 0

	
	-
	6
	Transmit diversity(**)

	2
(Both of the transport blocks are enabled)
	-
	0
	2 layers, DM-RS ports {7,8}, SCID 0

	
	-
	1
	2 layers, DM-RS ports {7,8}, SCID 1

	
	-
	2
	3 layers, DM-RS ports {7,8,9}, SCID 0

	
	-
	3
	4 layers, DM-RS ports {7,8,9,10}, SCID 0

	
	-
	4
	5 layers, DM-RS ports {7,8,9,10,11}, SCID 0

	
	-
	5
	6 layers, DM-RS ports {7,8,9,10,11,12}, SCID 0

	
	-
	6
	7 layers, DM-RS ports {7,8,9,10,11,12,13}, SCID 0

	
	-
	7
	8 layers, DM-RS ports {7,8,9,10,11,12,13,14}, SCID 0


(b) 4 Tx antenna ports
	Number of 
enabled transport blocks (via MCS 
and RV)
	NDI of disabled transport block
	Additional 
bit field
(2 bits)
	DL MIMO state indication

	1
(Either of the two transport blocks is disabled)
	0
	0
	1 layer, DM-RS port {7}, SCID 0

	
	1
	0
	1 layer, DM-RS port {8}, SCID 0

	
	0
	1
	1 layer, DM-RS port {7}, SCID 1

	
	1
	1
	1 layer, DM-RS port {8}, SCID 1

	
	-
	2
	2 layers: DM-RS ports {7,8}, SCID 0

	
	-
	3
	2 layers: DM-RS ports {7,8}, SCID 1(*) or               Transmit diversity(**)

	2
(Both of the transport blocks are enabled)
	-
	0
	2 layers, DM-RS ports {7,8}, SCID 0

	
	-
	1
	2 layers, DM-RS ports {7,8}, SCID 1

	
	-
	2
	3 layers, DM-RS ports {7,8,9}, SCID 0

	
	-
	3
	4 layers, DM-RS ports {7,8,9,10}, SCID 0


Since the SCID field is used only for MU-MIMO transmission, definition of the SCID field separately from the additional bit for rank indication and DM-RS port indication is redundant to support higher-order SU-MIMO transmission in addition to MU-MIMO. Therefore, we consider that Alt. 2 should be supported to reduce the control signaling overhead as much as possible.  
2.2. Support/no support of TxD in DCI format
Besides falling back to Format 1A within the same transmission mode, falling back to transmit diversity state within the same DCI format is also supported in Rel-8, e.g., Format 2 and Format 2A. Transmit diversity is used to achieve more reliable communications and ensure uninterrupted connection when experiencing severely poor channel conditions, for example, to transmit RRC signaling for mode switching. In Rel-9, the transmit diversity state is no longer included in Format 2B because that the precoding information field that accommodates transmit diversity state was removed. 
In the new DCI format for Rel-10, the transmit diversity state could be included [4] if the increased information field has some information redundancy. Compared to falling back to Format 1A, the benefit of including the transmit diversity state in the DCI format is to support of transmit diversity transmission with non-compact resource allocation. It is especially useful for retransmission since dynamic switching from the new DCI format to Format 1A can be achieved when retransmit data still remain in the buffer. On the other hand, the demerit to supporting TxD in the new DCI format is that the reference signals used for channel estimation must be changed dynamically. This may increase the implementation complexity to some extent. However, considering that transmit diversity with a cell-specific reference signal must be supported in the case of DCI format 1A in the Rel-10 DL transmission mode, the impact of the disadvantage does not seem to be so severe. Therefore, we have a slight preference to include TxD in the new DCI format.
2.3. Support/ no support of compact DCI format
To reduce the signaling overhead, compact resource allocation is supported in Rel-8, e.g., closed-loop spatial multiplexing using a single transmission layer (Format 1B) and MU-MIMO (Format 1D). Considering that the DCI format design based on Format 2B has a relatively larger payload size, an additional compact DCI format was discussed in [7]. The objective is to improve the PDCCH capacity and schedule more UEs in the same subframe [8]. In that sense the system performance could possibly be improved by more efficiently utilizing the multi-user diversity gain especially for MU-MIMO transmission. On the other hand, the disadvantage is that the number of transmission modes is increased, and corresponding additional testing effort is needed. 
To achieve a compact DCI format, there are several possible solutions. One possible solution is to use compact resource allocation [7] as Rel-8. To support SU/MU dynamic switching, all the MIMO states must be included in the new compact DCI format. Therefore, with compact resource allocation, the system performance may be degraded due to the inability to utilize frequency selectivity in the frequency domain scheduling. Another possible solution is to limit the transmission rank to one per UE for MU-MIMO, in which the DCI field related to the second transport block can be saved. However, the maximum transmission rank of two per UE for MU-MIMO has been supported since Rel-9, since the performance gap between the maximum transmission rank of two and transmission rank of one per UE for MU-MIMO is not negligible especially for cross-polarized antenna configurations and in the case that the traffic load is not sufficiently high. 
In conclusion, although we do not have strong opinion concerning the introduction of compact DCI format, we need to investigate carefully the advantages and disadvantages of the compact DCI format. Therefore, we consider that the introduction of compact DCI format should be discussed in a later release if needed, considering the limited timeline before the finalization of the Rel-10 specification.
2.4. Support of unified or different DCI for different numbers of Tx antennas
Regarding the DCI design for different numbers of Tx antennas, there are two alternatives considered. Alt. 1 is to design a unified DCI for different numbers of Tx antenna ports. The benefit is that the testing efforts can be reduced by using a common DCI design irrespective of number of the  Tx antennas. However the disadvantage is that the payload size of the DCI is decided based on the maximum number of Tx antennas, i.e., 8 Tx antennas, and there is a waste of resources for fewer Tx antennas. The other alternative, Alt. 2, is to optimize the DCI design for the respective number of Tx antennas to reduce the downlink control signaling overhead as much as possible, which is possibly more aligned with the DCI design principle in Rel-8. However, the effect of reducing the DCI size is only 1-2 bits. Therefore, we do not have strong preference on these alternatives.  
3. Conclusions
In this contribution, we described our considerations regarding the further issues on the DCI design of DL MIMO for Rel-10, including the following.
· With an independent SCID field, 3 (2) additional bits are needed for the new DCI format compared to Format 2B. In addition, one more bit can be saved when joint encoding with SCID is employed. We prefer joint encoding of the DM-RS port and rank indication with SCID information.
· We have a slight preference toward including the TxD state in the new DCI format if no increase in the control signaling overhead is incurred.
· Whether or not to support compact DCI format must be carefully discussed considering the tradeoff between the increased number of transmission modes and the performance gain. We consider that the introduction of a compact DCI format could be discussed in a later release considering the limited timeline of Rel-10. 
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