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Introduction
During the previous meetings, the enhancement for TCI indication framework and DMRS port indication were agreed as follows [1][2]:
	Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· [bookmark: _GoBack]Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced


In this contribution, LG’s views on the details for TCI indication framework and DMRS port indication are proposed. 
Discussion
2.1 TCI indication framework for DMRS type 2
If two TCI states are indicated in single-PDCCH based design, it is necessary to define relationship between TCI state and DMRS port(s). For this, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI can be considered. For example, if the code point 000 of the TCI state field indicates {TCI state A, TCI state B}, the first TCI state, i.e., TCI state A, corresponds to the DMRS port(s) included in the first CDM group, i.e., CDM group #0, and the second TCI state, i.e., TCI state B, corresponds to the DMRS port(s) included in the second CDM group, i.e., CDM group #1 for DMRS type 1. In case of DMRS type 2, since there are three CDM groups, two specific CDM groups should correspond to one TCI state. For example, the first TCI state, i.e., TCI state A, corresponds to the DMRS port(s) included in the first CDM group, i.e., CDM group #0, and the second TCI state, i.e., TCI state B, corresponds to the DMRS port(s) included in the second/third CDM group, i.e., CDM group #1/#2. As will be described in detail below, this example has a largest number of combinations with respect to the number of layers mapped to different TCI states.
Proposal #1: Regarding relationship between TCI state and DMRS port(s) for the case of two TCI states indication, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI should be considered. For DMRS type 2, the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2.

2.2 Enhancement for DMRS port indication for 1 CW transmission
For the enhancement of DMRS port indication, several principles such as different layer combinations using multiple CDM groups for the same number of total transmission layer and MU paring cases were discussed. Regarding the different layer combinations, DMRS port indication enhancement should be considered in order to indicate various combinations of rank for different TRPs because different TRPs can have different best ranks. This enhancement can be supported by using the reserved value(s) in the current DMRS port indication field and the different code points for the same TCI states combination with the different ordering such as code point 000 for {TCI state A, TCI state B} and code point 001 for {TCI state B, TCI state A}. Regarding MU paring cases, several cases for DMRS port indication enhancement such as UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2 or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 were described in the previous agreement. These MU paring cases already can be supported by Type 2 configuration with some restriction. If gNB needs more scheduling flexibility, gNB can use multi-PDCCH based multi-TRP transmission. However, when we consider that NCJT can obtain performance gain compared to DPS in the low RU cases [3], MU paring is not a common case for NCJT. In the low RU case, it is difficult to find UEs that report orthogonal PMI because few UEs having traffic exist at the same time. So, our view on the enhancement for DMRS port indication is that the reserved value(s) in the current DMRS port indication field should be used to support the different layer combinations using multiple CDM groups for the same number of total transmission layer. 
Observation #1: Different layer combinations using multiple CDM groups for the same number of total transmission layer can be supported by the different code points for the same TCI states combination with the different ordering such as code point 000 for {TCI state A, TCI state B} and code point 001 for {TCI state B, TCI state A}.
Proposal #2: The reserved value(s) in the current DMRS port indication field should be used to support the different layer combinations using multiple CDM groups for the same number of total transmission layer.
When we consider the large number of candidate TRPs to support NCJT that can generally be considered especially in indoor hotspot scenario, increasing bit size for the current TCI state field in DCI can be considered. For example, considering three candidate TRPs, additional 1 bit is required to configure overall TCI state combinations with the different ordering as follows.
· Example on TCI state combinations: {TCI state A, TCI state B}, {TCI state A, TCI state C}, {TCI state B, TCI state C}, {TCI state B, TCI state A}, {TCI state C, TCI state A}, {TCI state C, TCI state B}, {TCI state A}, {TCI state B}, {TCI state C}
As described in the above example, there are 9 TCI state combinations for three candidate TRPs, so 3 bits for the current TCI state field in DCI are not sufficient. Considering the large number of candidate TRPs to support NCJT, we propose as follows.
Proposal #3: To support the large number of candidate TRPs for NCJT, increasing bit size for the current TCI state field in DCI can be considered.
Considering different layer combinations, the following example shows the DMRS port combination that can be indicated by the current DMRS table for the case of DMRS type 1 with single CW. 
· For the case of maxLength=1: (1,0),(2,0),(0,1),(0,2),(1,1),(2,1),(2,2) 
· For the case of maxLength=2: (1,0),(2,0),(3,0),(4,0),(0,1),(0,2),(0,3),(0,4),(1,1),(2,1),(2,2)
· Note: (x, y) means (the number of ports from CDM group #0, the number of ports from CDM group #1)
The following combination of DMRS ports can be added to support more rank combinations between different TRPs.
· For the case of maxLength=1: (1,2) 
· For the case of maxLength=2: (1,2),(1,3),(3,1)
Among the above combinations, (1,2) can be already indicated without additional DMRS ports combination through the current DMRS table. For example, the different order TCI state combination can be pre-configured, e.g., code point 000={TCI state A, TCI state B}, code point 001={TCI state B, TCI state A}. And, (1,2) or (2,1) can be indicated according to code point of the TCI state field. As a result, the DMRS ports combination for either (1,3) or (3,1) should be defined for the enhancement of DMRS port indication for the case of maxLength=2 as follows.
Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	31
	2
	0,1,2,4
	2
	
	
	
	



Proposal #4: The DMRS ports combination for either (1,3) or (3,1) for the case of maxLength=2 with one CW should be defined for the enhancement of DMRS port indication for the case of DMRS type 1 as follows.
Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	31
	2
	0,1,2,4
	2
	
	
	
	



The following example shows the DMRS port combination that can be indicated by the current DMRS table for the case of DMRS type 2 with single CW. In the following example, it is assumed that CDM group #0 correspond to the first TCI state and CDM group #1/#2 correspond to the second TCI state.
· For the case of maxLength=1: (1,0),(0,1),(2,0),(0,2),(0,3),(1,1),(2,1),(2,2) 
· For the case of maxLength=2: (1,0),(0,1),(2,0),(0,2),(3,0),(0,3),(4,0),(0,4),(1,1),(2,1),(2,2)
· Note: (x, y) means (the number of ports from CDM group #0, the number of ports from CDM group #1/#2)
The following combination of DMRS ports can be added to support more rank combinations between different TRPs.
· For the case of maxLength=1: (3,0),(4,0),(0,4),(1,2),(1,3),(3,1) 
· For the case of maxLength=2: (1,2), (1,3), (3,1)
Among the above combinations, (1,2) can be already indicated as described in the above. And, (3,0),(4,0),(0,4) for the case of maxLength=1 can be also supported by indicating a single TCI state, e.g., code point 010={TCI state A}. As a result, the DMRS ports combination for (1,3) should be defined for the case of maxLength=1, and the DMRS ports combination for either (1,3) or (3,1) should be defined for the case of maxLength=2 as follows.
Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	24
	3
	0,2,3,4
	
	
	



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	58
	3
	0,2,3,4
	1
	
	
	
	



Proposal #5: The DMRS ports combination for (1,3) should be defined for the case of maxLength=1 with one CW, and the DMRS ports combination for either (1,3) or (3,1) should be defined for the case of maxLength=2 with one CW for the enhancement of DMRS port indication for the case of DMRS type 2 as follows.
Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	24
	3
	0,2,3,4
	
	
	



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	58
	3
	0,2,3,4
	1
	
	
	
	



2.3 Enhancement for DMRS port indication for 2 CW transmission 
The DMRS ports are mapped to the layers in the order specified in the DMRS table. For example, if dmrs-Type=1, maxLength=2 are configured and 2 CW transmission, the value 0 of DMRS port indication are indicated to the UE, the relationship between CWs/layers/CDM groups/DMRS ports is as follows.
	CDM groups
	DMRS ports
	Layers
	CWs

	0
	0
	0
	0

	0
	1
	1
	0

	1
	2
	2
	1

	1
	3
	3
	1

	0
	4
	4
	1



In the example of the above table, layers corresponding to different CWs are mapped to the DMRS ports included in the same CDM group, i.e., CDM group #0. In this case, TRP 1 using CDM group #0 and TRP 2 using CDM group #1 transmit same codeword, i.e., CW #1. Considering SINR difference between TRP 1 and TRP 2, it is desirable to ensure different TRP transmits different codeword. Therefore, considering multi-TRP transmission, layers corresponding to different CWs should be mapped to DMRS ports included in the different CDM groups. The following table shows the modified relationship between CWs/layers/CDM groups/DMRS ports.
	CDM groups
	DMRS ports
	Layers
	CWs

	1
	2
	0
	0

	1
	3
	1
	0

	0
	0
	2
	1

	0
	1
	3
	1

	0
	4
	4
	1



The following DMRS tables show the modifications of the current DMRS tables to map the layers corresponding to different CWs to the DMRS ports included in different CDM groups. For the case of multi-TRP transmission, the proposed DMRS ports order can be applied only when two TCI states are indicated to the UE.
Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
2,3,0,1,4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
0,1,4,2,3,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
2,3,6,0,1,4,5
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
0,1,4,5,2,3,6,7
	2

	4
	2
	1
	1
	4-31
	reserved
	reserved
	reserved



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4
	1

	1
	1
	1
	1
	1
	3
	0-5
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
2,3,0,1,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
0,1,6,2,3,8
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8
2,3,8,0,1,6,7
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9
0,1,6,7,2,3,8,9
	2

	6
	2
	3
	1
	6-63
	Reserved
	Reserved
	Reserved



Proposal #6: To map the layers corresponding to different CWs to the DMRS ports included in different CDM groups, DMRS ports order specified in the current DMRS table should be changed as follows.
Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
2,3,0,1,4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
0,1,4,2,3,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
2,3,6,0,1,4,5
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
0,1,4,5,2,3,6,7
	2

	4
	2
	1
	1
	4-31
	reserved
	reserved
	reserved



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4
	1

	1
	1
	1
	1
	1
	3
	0-5
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
2,3,0,1,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
0,1,6,2,3,8
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8
2,3,8,0,1,6,7
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9
0,1,6,7,2,3,8,9
	2

	6
	2
	3
	1
	6-63
	Reserved
	Reserved
	Reserved



Conclusion
In this contribution, LG’s views on the details for TCI indication framework and DMRS port indication are proposed as follows.
 Proposal #1: Regarding relationship between TCI state and DMRS port(s) for the case of two TCI states indication, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI should be considered. For DMRS type 2, the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2.
Proposal #2: The reserved value(s) in the current DMRS port indication field should be used to support the different layer combinations using multiple CDM groups for the same number of total transmission layer.
Proposal #3: To support the large number of candidate TRPs for NCJT, increasing bit size for the current TCI state field in DCI can be considered.
Proposal #4: The DMRS ports combination for either (1,3) or (3,1) for the case of maxLength=2 with one CW should be defined for the enhancement of DMRS port indication for the case of DMRS type 1 as follows.
Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	31
	2
	0,1,2,4
	2
	
	
	
	



Proposal #5: The DMRS ports combination for (1,3) should be defined for the case of maxLength=1 with one CW, and the DMRS ports combination for either (1,3) or (3,1) should be defined for the case of maxLength=2 with one CW for the enhancement of DMRS port indication for the case of DMRS type 2 as follows.
Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	24
	3
	0,2,3,4
	
	
	



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	58
	3
	0,2,3,4
	1
	
	
	
	



Proposal #6: To map the layers corresponding to different CWs to the DMRS ports included in different CDM groups, DMRS ports order specified in the current DMRS table should be changed as follows.
Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
2,3,0,1,4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
0,1,4,2,3,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
2,3,6,0,1,4,5
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
0,1,4,5,2,3,6,7
	2

	4
	2
	1
	1
	4-31
	reserved
	reserved
	reserved



Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4
	1

	1
	1
	1
	1
	1
	3
	0-5
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
2,3,0,1,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
0,1,6,2,3,8
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8
2,3,8,0,1,6,7
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9
0,1,6,7,2,3,8,9
	2

	6
	2
	3
	1
	6-63
	Reserved
	Reserved
	Reserved
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