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1 Introduction
The following agreement for single PDCCH multi-TRP (M-TRP) transmission was achieved in RAN1#95 [1].
Agreement
· For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16

· Applies for eMBB

Then, the following agreements for TCI design of multi-TRP transmission was achieved in RAN1 Ad-Hoc Meeting 1901 [2] and RAN1#96 meeting [3] respectively.
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

For TCI state configuration in order to enable one or two TCI states per a TCI code point,

· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.

· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
In RAN1#96bis meeting [4], following agreements is achieved to further study the design principle of DMRS port indication.

Agreement 

Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  

· 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, we focus on single PDCCH based multi-TRP/panel transmission, including TCI states design and DMRS port indication.
2 Design for single PDCCH based multi-TRP/Panel transmission
For single PDCCH based multi-TRP/panel transmission, as shown in Figure 1, single NR-PDCCH schedules a single NR-PDSCH in which different layers can be transmitted from separate TRPs.  
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Figure 1. An illustration of single DCI based multi-TRP transmission
2.1 TCI state design

In previous meetings, it has been agreed that one or two TCI states can correspond to one TCI code point. In specific, it has been agreed that 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. However, there is a FFS of how two TCI states corresponds to three CDM groups for DMRS type 2.
First of all, targeting dynamic switching between single TRP and NCJT, supporting DMRS type 2 in M-TRP would better allow this flexibility. For example, when an UE in S-TRP is configured as DMRS type 2, the UE would switch to M-TPR operation through RRC reconfiguration of DMRS type 1, if DMRS port indication of DMRS type 2 for M-TRP is not supported.
Secondly, 3 CDM groups are needed to be supported for DMRS type 2 in M-TRP, which is beneficial for flexible layer scheduling. For example, as shown in Figure 2, for DMRS type 2 with 1 symbol, 3 CDM groups are essential to support total layer numbers as 4 (1+3), 5, 6, since each CDM group only has 2 DMRS ports. 
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Figure 2. DMRS type 2 with 1 symbol in M-TRP with different layer combinations 

Then, if two TCI states are indicated for DMRS type 2, to minimize Spec. impacts and not increase TCI bit size, ports in CDM group 1 and 2 can be grouped together and associated with one TCI state. In this way, different layer combinations between TRPs could be dynamically supported without adding Rel-15 TCI sizes. As Table 1 shown below, two DCI code points 000 and 001 can be activated by MAC CE to be mapped to opposite combination of TCI states, which results in dynamic TCI switching. Thus fixed CDM grouping relationship can be enough.
Table 1 TCI example for multi-TRP transmission in FR1

	TCI code point in DCI
	TCI states


	000
	TCI state for TRP1, TCI state for TRP2

	001
	TCI state for TRP2, TCI state for TRP1

	010
	TCI state for TRP1

	011
	TCI state for TRP2

	…
	…


Proposal 1: For DMRS type 2, if two TCI states are indicated, DMRS ports in CDM group 0 corresponds to the first TCI state of that TCI code point and the rest DMRS ports corresponds to the second TCI state.
Moreover, such dynamic TCI switching method can apply to layer combination switching as well. A detailed example is given in Figure 3, where DMRS type 2 with 1 symbol is considered but the design works for all DMRS patterns. It could be found that be switching TCI code point 000 and 001, layer combinations of 2+1 and 1+2 between TRP1 and TRP2 could be dynamically switched by the same DMRS ports {0,1,2}. For TCI code point 000 with DMRS ports as {0, 1, 2}, TRP1 will use {0, 1} associated with TCI state#1 and TRP2 will use {2} associated with TCI state#2. On the other hand, when TCI code point 001 is indicated, with the same DMRS ports as {0, 1, 2}, TRP1 will use {2} for transmission associated with TCI state#4 while TRP2 will use {0, 1} associated with TCI state#3. Here TCI state#1 and #4 are for TRP1 QCL tracking, i.e. indicating TRS1, and TCI state#2 and #3 are for TRP2 QCL tracking, i.e. indicating TRS2.
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Figure 3. Example of layer combinations between TRPs by switching TCI code point
Therefore, no need to include functionally replicate entries in table for supporting layer combinations of the same total layer, e.g., no need to support both 1+2 and 2+1 in DMRS table. 
More importantly, it has been already supported in LTE Rel-15 as FeCoMP feature where the layer combinations between TRPs can be implemented by configuring parameter sets (PQI) to different TPRs when qcl-Operation is set to 'typeC'. For example, use code point ‘00’ as {Parameter set#1 (TRP1), Parameter set#2 (TRP2)} for 1+2, and use code point ‘01’ as {Parameter set#3 (TRP2), Parameter set#4 (TRP1)} for 2+1.  Thus implementing layer combinations between two TRPs by TCI indication in NR Rel-16 is more straightforward.
Proposal 2: Support layer combination indication of two TRPs, i.e. 1+1, 1+2, and 2+2, whereas symmetrical layer indication, e.g. 2+1, can be implemented by different TCI state configuration and indication.
2.2 DMRS port indication
For multi-TRP scenario, an UE would receive DMRS ports from different TRPs which are generally non-QCLed, which means DMRS ports from different TRPs need to be from different CDM groups. In this way, the majority entries in Rel-15 (Tables 7.3.1.2.2-1 to 7.3.1.2.2-4 in 38.212) with DMRS ports within one CDM group will not be applicable. As a starting point, in Table 2, we enumerate the detailed number of available entries in Rel-15 tables that can be reused in M-TRP, where SU/MU assumption and number of reserved entries are also given for each table.
From Table 2, it could be found there are only limited entries/layers in Rel-15 tables which can be reused for multi-TRP. In specification, 
· Most available entries are for SU only in Rel-15

· Very limited or none available entries for 2 symbol pattern

· Only one reserved entry is available in DMRS table of Type 1 with max length as 2

Table 2 Available DMRS port indication entries in Rel-15 for single PDCCH M-TRP
	DMRS configurations
	Number of available entries
	Available entries in Rel-15’s DMRS table 
(x+y+z denotes number of DMRS ports in each CDM group)

	DMRS type 1 with max length =1
	3
	<=4 layers: 

· 1+1, 2+1, 2+2 for SU only

4 reserved entries 

	DMRS type 1 with max length =2
	4
	<=4 layers 

· 1 symbol: 1+1, 2+1, 2+2 for SU only

· 2 symbols: 2+2 for SU only

1 reserved entries 

	
	4
	>4 layers: 
· 3+2, 3+3, 4+3, 4+4 for SU only

	DMRS type 2 with max length =1 
	6
	<=4 layers 

· 2 CDM groups without data: 1+1(SU), 2+1 (MU), 2+2(SU)

· 3 CDM groups without data: 2+1, 1+2, 2+2 for MU 

8 reserved entries 

	
	2
	> 4 layers 

· 2+2+1, 2+2+2 for SU only

	DMRS type 2 with max length =2
	6
	<= 4 layers  

· 1 symbol: 

· 2 CDM groups without data: 1+1(SU), 2+1 (MU), 2+2(SU)

· 3 CDM groups without data: 2+1, 1+2, 2+2 for MU 

· 2 symbols: None
6 reserved entries 

	
	6
	> 4 layers 

· 1 symbol: 2+2+1, 2+2+2 for SU only

· 2 symbols: 3+2, 3+3, 4+3, 4+4 for SU only


Observation 1: Only limited entries of Rel-15 DMRS antenna port indication table can be used for single-PDCCH based multi-TRP transmission and most of available entries are only for SU.
In last meeting, two design principles of DMRS port indication table have discussed

· 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 the following, we will discuss these issues respectively and also give some other design principles.
· Supported MU pairing cases
For the first issue, only supporting SU case in M-TRP is a very strong restriction for network. If an UE can be only scheduled as SU in M-TRP scenario, then the resource used by M-TRP UE cannot be re-scheduled for any S-TRP UEs of each coordinated TRP, which will highly influence the scheduling flexibility and reduce the total spectrum efficiency. This effects will become more severe with more M-TRP UEs and more coordinated TRPs. Note that M-TRP could also be used in middle network loading scenario, e.g., 40%~60% RU, and considerable gain can be observed from companies contributions [5][6]. Therefore, the MU paring case of M-TRP UE and S-TRP UE is necessary, e.g., UE1 from TRP1 and TRP 2 and UE 2 from TRP 1. On the other hand, one may consider that the resource used by M-TRP SU UE can be still scheduled for S-TRP UE with gNB implementation, which, however, will certainly reduce the performance of M-TRP UE since it is assumed not to cancel interference from other ports.
Furthermore, for the MU pairing case between M-TRP UEs, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP2, it could provide much more flexibility of network scheduling and is beneficial for network performance. Note that in LTE Rel-15, the case of MU pairing between NC-JT UEs have been already supported, as shown in Table 3, where two rank-2 M-TRP UEs can be paired by value 2 and value 4 (in yellow) or by value 3 and value 5 (in blue). Therefore, it is straightforward to support MU case between M-TRP UEs in Rel-16 NC-JT.
Table 3 DMRS port indication table in LTE Rel-15 NC-JT for DCI format 2D (Table 5.3.3.1.5D-2)
	Two Codewords 

	Value
	Message

	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

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

	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	3 layers, ports 7,9,10

	7
	4 layers, ports 7-10

	8
	5 layers, ports 7,8,9,10,12

	9
	6 layers, ports 7,8,11,9,10,12

	10
	7 layers, ports 7,8,11,9,10,12,14

	11
	8 layers, ports 7,8,11,13,9,10,12,14

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


Therefore, both of the MU cases should be considered. 
Proposal 3: Support MU pairing cases at least,  (1) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 or TRP 2  (2) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 and TRP 2.
· Supported DMRS configurations
For the second issue, considering M-TRP UE is generally on cell edge with worse channel condition, 2 frontloaded symbols can provide better channel estimation performance provided by TD-OCC. In specific, for DMRS type 2, with 2 frontloaded symbols, 4.77dB power boosting gain can be achieved to improve the channel estimation performance when UE is scheduled with ports within 2 CDM groups, e.g., a M-TRP UE could be scheduled with ports {0,1,2,6} for 4 total layers. Besides, 2 frontloaded symbols can provide more available ports for S-TRP UEs, e.g., considering DMRS type 1 with 2 symbol, M-TRP UE1 can uses {0,1,2,3} while S-TRP UE2 can use {4,5} and S-TRP UE3 can use {6,7}.
Proposal 4: DMRS port indication using DMRS type 1 and 2 with 1 or 2 frontloaded symbols need to be supported for single-DCI based multi-TRP/panel transmission.
· Other principle
Moreover, considering other principle of DMRS table design, it can be beneficial to keep the DCI size of DMRS table unchanged as Rel-15 in order to reduce UE’s blind detecting complexity. In order to determine which DMRS table is to be used, one simple approach is to be based on the TCI states indication in the DCI. For example, if one TCI state is indicated, then Rel-15 table is used, if two TCI states are indicated, then Rel-16 DMRS table is used. In this way, Rel-15 and Rel-16 DMRS tables can be switched dynamically. 
Proposal 5: For single-DCI based multi-TRP/panel transmission, support DMRS table with the same bit sizes of DMRS port indication as Rel-15, which is enabled when TCI field indicates more than one TCI states.
For better clarification, some examples of DMRS tables are given in Table A1-A4 in appendix which follow the above principles. Note that these examples are only considered for eMBB at current stage. 
3 Conclusion
This contribution presents views of TCI states and the DMRS port indication issue for single PDCCH based multi-TRP/panel transmission. In summary, the following observation and proposals are made. 
Proposal 1: For DMRS type 2, if two TCI states are indicated, DMRS ports in CDM group 0 corresponds to the first TCI state of that TCI code point and the rest DMRS ports corresponds to the second TCI state.
Proposal 2: Support layer combination indication of two TRPs, i.e. 1+1, 1+2, and 2+2, whereas symmetrical layer indication, e.g. 2+1, can be implemented by different TCI state configuration and indication.
Proposal 3: Support MU pairing cases at least,  (1) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 or TRP 2  (2) UE1 from TRP1 and TRP 2, and UE 2 from TRP 1 and TRP 2.
Proposal 4: DMRS port indication using DMRS type 1 and 2 with 1 or 2 frontloaded symbols need to be supported for single-DCI based multi-TRP/panel transmission.
Proposal 5: For single-DCI based multi-TRP/panel transmission, support DMRS table with the same bit sizes of DMRS port indication as Rel-15, which is enabled when TCI field indicates more than one TCI states.
Observation 1: Only limited entries of Rel-15 DMRS antenna port indication table can be used for single-PDCCH based multi-TRP transmission and most of available entries are only for SU.
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Appendix

Table A1 DMRS port indication for Type 1 with max 1 symbol
	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled

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

	0
	2
	0,2

	1
	2
	1,3

	2
	2
	0,1,2

	3
	2
	0,1,2,3

	4-15
	Reserved
	Reserved


Table A2 DMRS port indication for Type 1 with max 2 symbols
	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
	2
	0,2
	1
	0
	2
	0-4
	2

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

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

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

	4
	2
	0,2
	2
	5-31
	Reserved
	Reserved
	Reserved

	5
	2
	1,3
	2
	
	
	
	

	6
	2
	4,6
	2
	
	
	
	

	7
	2
	5,7
	2
	
	
	
	

	8
	2
	0,1,2
	2
	
	
	
	

	9
	2
	3,4,6
	2
	
	
	
	

	10
	2
	0,1,2,3
	2
	
	
	
	

	11
	2
	4,5,6,7
	2
	
	
	
	

	12-31
	Reserved
	Reserved
	Reserved
	
	
	
	


Table A3: DMRS port indication for Type 2 with max 1 symbol

	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)

	0
	2
	0,2
	0
	3
	0-4

	1
	2
	1,3
	1
	3
	0-5

	2
	2
	0,1,2
	2-31
	Reserved
	Reserved

	3
	2
	0,1,2,3
	
	
	

	4
	3
	0,2
	
	
	

	5
	3
	1,3
	
	
	

	6
	

   3
	0,2,4
	
	
	

	7
	3
	1,3,5
	
	
	

	8
	3
	0,1,2,3
	
	
	

	9-31
	Reserved
	Reserved
	
	
	


Table A4: DMRS port indication for Type 2 with max 2 symbols
	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
	2
	0,2
	1
	0
	3
	0-4
	1

	1
	2
	1,3
	1
	1
	3
	0-5
	1

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

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

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

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

	6
	3
	0,2,4
	1
	6-63
	Reserved
	Reserved
	Reserved

	7
	3
	1,3,5
	1
	
	
	
	

	8
	3
	0,1,2,3
	1
	
	
	
	

	9
	2
	0,2
	2
	
	
	
	

	10
	2
	1,3
	2
	
	
	
	

	11
	2
	6,8
	2
	
	
	
	

	12
	2
	7,9
	2
	
	
	
	

	13
	2
	0,1,2
	2
	
	
	
	

	14
	2
	3,6,8
	2
	
	
	
	

	15
	2
	0,1,2,3
	2
	
	
	
	

	16
	2
	6,7,8,9
	2
	
	
	
	

	17
	3
	0,2
	2
	
	
	
	

	18
	3
	1,3
	2
	
	
	
	

	19
	3
	6,8
	2
	
	
	
	

	20
	3
	7,9
	2
	
	
	
	

	21
	3
	0,2,4
	2
	
	
	
	

	22
	3
	1,3,5
	2
	
	
	
	

	23
	3
	6,8,10
	2
	
	
	
	

	24
	3
	7,9,11
	2
	
	
	
	

	25
	3
	0,1,2,3
	2
	
	
	
	

	26
	3
	6,7,8,9
	2
	
	
	
	

	27-63
	Reserved
	Reserved
	Reserved
	
	
	
	


