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1. Introduction

At the RAN1#82-bis meeting, DM-RS enhancements for EB/FD-MIMO has been discussed and the following agreements are agreed to introduce length 4 OCC for MU-MIMO transmission  [1]:

Agreement:
- Confirm the working assumption for OCC=4 and 12REs made in RAN1#82, and the following table
	Ports for MU transmission
	OCC

	Port 07
	[-1 -1 -1 -1]

	Port 08
	[-1 -1 -1 -1]

	Port 11
	[-1 -1 -1 -1]

	Port 13
	[-1 -1 -1 -1]


Agreement:

- Agree that a new table will be adopted, configurable by RRC, for the signalling of the DMRS configuration

- FFS until RAN1#83 whether 3 or 4 bits are used, and details. 

Furthermore, a new table configurable by RRC was also agreed to signal enhanced DM-RS configuration. However, the details are remaining issue. In this contribution, we will discuss details on the enhanced DM-RS configuration for FD-MIMO based on above agreements and provide our views.

2. Details on DM-RS enhancements for FD-MIMO
Antenna port(s), scrambling identity(SCID) and number of layers are indicated 3 bits DCI field in current system as shown in Table 1. In Table 1, length 2 OCC is used for port 7 and/or port 8 in the case of DM-RS transmission with 1 or 2 layers (except re-transmissions).

Table 1: current 3 bits DCI field to indicate antenna port(s), SCID and number of layers
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0 (length 2 OCC)
	0
	2 layers, ports 7-8, nSCID=0 (length 2 OCC)

	1
	1 layer, port 7, nSCID=1 (length 2 OCC)
	1
	2 layers, ports 7-8, nSCID=1 (length 2 OCC)

	2
	1 layer, port 8, nSCID=0 (length 2 OCC)
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1 (length 2 OCC)
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


A new table instead of Table 1 is used to indicate antenna port(s), SCID and number of layers if it is configured by RRC as agreed at the RAN1#82-bis meeting. In this case, length 4 OCC could be used for all antenna ports, i.e., length 4 OCC could be used in the case of DM-RS transmission with 1 or 2 layers.

Several methods to signal 3 bits DCI field which indicates antenna port(s), SCID and number of layers were discussed at the RAN1#82-bis meeting. If the number of bits in DCI used for indication of antenna port(s), SCID and number of layers is maintained to prevent additional impacts on DCI payload size, following 3 alternatives could be considered for a new table to indicate antenna port(s), SCID and number of layers for FD-MIMO.

 Alt. 1: Adding indication of additional antenna port(s) by removing indication of SCID
Table 2: 3 bits DCI field by Alt. 1 to indicate antenna port(s), SCID and number of layers
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7 (length 4 OCC)
	0
	2 layers, ports 7-8 (length 4 OCC)

	1
	1 layer, port 8 (length 4 OCC)
	1
	2 layers, ports 7-8 (length 4 OCC)

	2
	1 layer, port 11 (length 4 OCC)
	2
	3 layers, ports 7-9

	3
	1 layer, port 13 (length 4 OCC)
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


In Alt. 1, additional antenna port(s) are indicated, but indication of SCID is removed as shown in Table 2. Additional antenna port(s) could give more orthogonality because SCID is just used to generate quasi-orthogonal DM-RS sequence. However, Alt. 1 could give some impacts on DM-RS transmission with CoMP because SCID is used to indicate virtual cell ID. Furthermore, orthogonality and/or quasi-orthogonal among layers used for DM-RS transmission could not be guaranteed in the cases of MU-MIMO transmission with more than 4 total number of layers. Therefore, this alternative could not be preferred.
 Alt. 2: Adding indication of additional antenna port(s) by removing indication of high-layer cases

Table 3: 3 bits DCI field by Alt. 2 to indicate antenna port(s), SCID and number of layers
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0 (length 4 OCC)
	0
	2 layers, ports 7-8, nSCID=0 (length 4 OCC)

	1
	1 layer, port 7, nSCID=1 (length 4 OCC)
	1
	2 layers, ports 7-8, nSCID=1 (length 4 OCC)

	2
	1 layer, port 8, nSCID=0 (length 4 OCC)
	2
	2 layers, ports 11/13, nSCID=0 (length 4 OCC)

	3
	1 layer, port 8, nSCID=1 (length 4 OCC)
	3
	2 layers, ports 11/13, nSCID=1 (length 4 OCC)

	4
	1 layer, port 11 (length 4 OCC)
	4
	3 layers, ports 7-9

	5
	1 layer, port 13 (length 4 OCC)
	5
	4 layers, ports 7-10

	6
	2 layers, ports 7-8
	6
	Reserved

	7
	Reserved
	7
	Reserved


In Alt. 2, additional antenna port(s) are indicated, but indication of some high-layer cases is removed as shown in Table 3. By Alt. 2, indication of antenna port(s), SCID and number of layers used for DM-RS transmission is supported only for maximum 4 layers, and it is not matched in current system which supports maximum 8 layers for DM-RS transmission. Therefore, this alternative could not be preferred.

Alt. 3 (Alt. 3-1 and Alt. 3-2): Using indicator for layer to antenna port mapping rule
Table 4: 1st 3 bits DCI field by Alt. 3-1 and Alt. 3-2 to indicate antenna port(s), SCID and number of layers
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0 (length 4 OCC)
	0
	2 layers, ports 7-8, nSCID=0 (length 4 OCC)

	1
	1 layer, port 7, nSCID=1 (length 4 OCC)
	1
	2 layers, ports 7-8, nSCID=1 (length 4 OCC)

	2
	1 layer, port 8, nSCID=0 (length 4 OCC)
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1 (length 4 OCC)
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


Table 5: 2nd 3 bits DCI field by Alt. 3-1 to indicate antenna port(s), SCID and number of layers
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 11, nSCID=0 (length 4 OCC)
	0
	2 layers, ports 11/13, nSCID=0 (length 4 OCC)

	1
	1 layer, port 11, nSCID=1 (length 4 OCC)
	1
	2 layers, ports 11/13, nSCID=1 (length 4 OCC)

	2
	1 layer, port 13, nSCID=0 (length 4 OCC)
	2
	3 layers, ports 7-9

	3
	1 layer, port 13, nSCID=1 (length 4 OCC)
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14


Table 6: 2nd 3 bits DCI field by Alt. 3-2 to indicate antenna port(s), SCID and number of layers
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:

Codeword 0 enabled,

Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 11, nSCID=0 (length 4 OCC)
	0
	2 layers, ports 11/13, nSCID=0 (length 4 OCC)

	1
	1 layer, port 11, nSCID=1 (length 4 OCC)
	1
	2 layers, ports 11/13, nSCID=1 (length 4 OCC)

	2
	1 layer, port 13, nSCID=0 (length 4 OCC)
	2
	3 layers, ports 11-13

	3
	1 layer, port 13, nSCID=1 (length 4 OCC)
	3
	4 layers, ports 11-14

	4
	2 layers, ports 11/13
	4
	5 layers, ports 7, 11-14

	5
	3 layers, ports 11-13
	5
	6 layers, ports 7, 9, 11-14

	6
	4 layers, ports 11-14
	6
	7 layers, ports 7-8, 11-14

	7
	Reserved
	7
	8 layers, ports 7-14


In Alt. 3, two tables are used to indicate antenna port(s), SCID and number of layers. The 1st table of two tables as shown in Table 4 is almost same to the current 3 bits table as shown in Table 1. An difference point between Table 1 and Table 4 is whether length 2 OCC is used for port 7 and/or port 8 in the case of DM-RS transmission with 1 or 2 layers (except re-transmissions) or length 4 OCC is used.

The 2nd table of two tables as shown in Table 5 for Alt. 3-1 or Table 6 for Alt. 3-2 is similar to the 1st table as shown in Table 4. An difference point between Table 4 and Table 5 (or between Table 4 and Table 6) is that antenna port number is different for each allocated layer. It means that the rule for layer to antenna mapping is different. Anyway, Alt. 3 (Alt. 3-1 and Alt. 3-2) may have least specification impacts because of mentioned minimum differences from comparison with current 3 bits table as shown in Table 1.
To select one table used for indication of antenna port(s), SCID and number of layers between Table 4 and Table 5 in Alt. 3-1 (or between Table 4 and Table 6 in Alt. 3-2), 1 bit signalling should be introduced. This 1bit signalling could directly correspond to 'indicator for table selection' used for selection one table which indicates antenna port(s), SCID and number of layers, or could be associated with 'indicator for layer to antenna port mapping rule' as below.
Alt. 3-1: select one table between Table 4 and Table 5 by 'indicator for layer to antenna port mapping rule'

- layer to antenna port mapping rule #1 which indicates usage of Table 4

▪ for l layer: AP(antenna port) 7 or AP(antenna port) 8
▪ for more than 2 layers

	1st layer
	2nd layer
	3rd layer
	4th layer
	5th layer
	6th layer
	7th layer
	8th layer

	AP 7
	AP 8
	AP 9
	AP 10
	AP 11
	AP 12
	AP 13
	AP 14


- layer to antenna port mapping rule #2 which indicates usage of Table 5
▪ for l layer: AP(antenna port) 11 or AP(antenna port) 13

▪ for 2 layers

	1st layer
	2nd layer
	
	
	
	
	
	

	AP 11
	AP 13
	
	
	
	
	
	


▪ for more than 3 layers

	1st layer
	2nd layer
	3rd layer
	4th layer
	5th layer
	6th layer
	7th layer
	8th layer

	AP 7
	AP 8
	AP 9
	AP 10
	AP 11
	AP 12
	AP 13
	AP 14


Alt. 3-2: select one table between Table 4 and Table 6 by 'indicator for layer to antenna port mapping rule'

- layer to antenna port mapping rule #1 which indicates usage of Table 4

▪ for l layer: AP(antenna port) 7 or AP(antenna port) 8
▪ for more than 2 layers

	1st layer
	2nd layer
	3rd layer
	4th layer
	5th layer
	6th layer
	7th layer
	8th layer

	AP 7
	AP 8
	AP 9
	AP 10
	AP 11
	AP 12
	AP 13
	AP 14


- layer to antenna port mapping rule #2 which indicates usage of Table 6

▪ for l layer: AP(antenna port) 11 or AP(antenna port) 13

▪ for more than 2 layers

	1st layer
	2nd layer
	3rd layer
	4th layer
	5th layer
	6th layer
	7th layer
	8th layer

	AP 11
	AP 13
	AP 12
	AP 14
	AP 7
	AP 9
	AP 8
	AP 10


In Alt. 3-1, the antenna port number mapped from each layer is different between 1 or 2 layers case and more than 2 layers case if Table 5 is selected. On the other hand, in Alt. 3-2, the same layer to antenna port mapping rule is applied for all number of layers. In Alt. 3-2, the antenna port number mapped from each layer is just replaced between Table 4 and Table 6, i.e., AP 7 ↔ AP 11, AP 8 ↔ AP 13, AP 9 ↔ AP 12, AP 10 ↔ AP 14.

For 1 bit signalling used for 'indicator for table selection' or 'indicator for layer to antenna port mapping rule', RRC signalling could be used. However, to guarantee more dynamic configuration, implicit indication by using current filed in DCI (e.g. add above 1 bit signalling in parameter sets for PQI field) may be used. 
Proposal 1: 

For a new table to indicate antenna port(s), SCID and number of layers for DM-RS configuration in FD-MIMO, Alt. 3-1 or Alt. 3-2 should be considered.
3. Conclusion

In this contribution, we discussed details on the enhanced DM-RS configuration for FD-MIMO and provide our views with following our proposal:

Proposal 1: 

For a new table to indicate antenna port(s), SCID and number of layers for DM-RS configuration in FD-MIMO, Alt. 3-1 or Alt. 3-2 should be considered.
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