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1 Introduction
The following agreement for multi-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

The following agreement for multi-TRP transmission was achieved in RAN1 Ad-Hoc Meeting 1901 [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

In this contribution, we focus on single PDCCH based multi-TRP/panel transmission, including designs for codeword to layer mapping and DMRS port indication.
2 Design 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 DMRS port indication
In Rel-15, it has been agreed that DMRS ports within the same CDM groups are QCLed. For multi-TRP scenario, a UE would receive DMRS ports from different TRPs which are generally non-QCLed. It means that the DMRS ports from different TRPs have 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. Therefore, there are limited entries/layers which can be reused for multi-TRP in Rel-15’s table, e.g., only 4-layer case is supported for DMRS type 1 with 2 symbols and no available case for DMRS type 2 with 2 symbols. Thus, new DMRS antenna port indication table should be designed for single-PDCCH based multi-TRP transmission. 
Observation 1: Only limited entries of Rel-15 DMRS antenna port indication table can be used for single-PDCCH based multi-TRP transmission.
It can be also 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. In this way, Rel-15 and Rel-16 DMRS tables can be switched dynamically. 
Moreover, if two TCI states are indicated for DMRS type 2, to minimize spec impacts and not increase TCI bits, we suggest grouping ports in CDM group 1 and 2 together and associating them with one TCI state. Dynamic layer swapping between TRPs could be easily supported without adding Rel-15 TCI size. For example, in FR1, two TRPs involved in transmission requires two TCI states. As Table 1 shown below, two DCI code points 000 and 111 can be activated by MAC CE to be mapped to opposite combination of TCI states, which results in dynamic TCI switching. 
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

	…
	…


Moreover, due to MAC CE activation mechanism, switching TCI states mapping to code point would be more convenient. Note that by switching TCI states mapping to code point, there is no need to add more port combinations with the same total number of layers in DMRS table, e.g., no need to add {2,0} with existed {0,2} in Table 2, which would consume more entries in DMRS table.
In the following part, we give two examples as Table 2 and Table 3 of new DMRS port indication for multi-TRP scenario, where design principles are,  
· The bit width of DMRS port indication is the same as that in Rel-15;

· DMRS ports are assigned from at least two CDM groups for NCJT;
· Multi-TRP based MU-MIMO cases could be supported;
· Note that the entries of 2-4 layers with two CWs are not provided in the following examples for simplicity. If 2-4 layers with 2 CWs are supported in Rel-16, then re-ordering of DMRS ports could be further considered.
Table 2 DMRS port indication for Type 1 with 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
	TBD or Reserved
	


Table 3: DMRS port indication for Type 2 with 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
	TBD or 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
	TBD or Reserved
	
	
	
	


Note that Table 2 and Table 3 are examples when Rel-15 CW-to-layer mapping scheme is used.
Proposal 1: For single-DCI based multi-TRP/panel transmission, new DMRS table and Rel-15 DMRS table can be switched by TCI indication with following principles: 
· The bit width of DMRS port indication is the same as that in Rel-15;

· DMRS ports are assigned with at least two CDM groups;

· Multi-TRP based MU cases shall be supported;

· 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 CDM groups corresponds to the second TCI state.
2.2 Codeword to layer mapping
For single PDCCH based multi-TRP/panel transmission, one essential issue impacting the performance is the codeword to layer mapping scheme specified in Rel-15. If the total number of PDSCH transmission layers does not exceed 4, only one codeword can be scheduled. However those transmission layers within one codeword from different TRPs can experience independent channel which leads to significantly variant SNRs within single CW. In FR2, such variance may be greater than that in FR1. Therefore single DCI based NCJT may not harvest all potentials because such an averaged MCS among layers is dominated by the worst link among all layers received at the UE. The performance from LLS evaluation respect to this is shown in [3]. 
To obtain gains from single-DCI based multi-TRP/panel, codeword to layer mapping scheme should be enhanced in Rel-16, so that two codewords can be mapped to two, three and four layers at least.
More detailed analysis can be found in [3].

Proposal 2: For single-DCI based multi-TRP/panel transmission in Rel-16, LTE-like CW to layer mapping scheme for two CWs to two, three and four layers should be supported.
3 Conclusion
This contribution presents views of the codeword to layer mapping scheme and the DMRS port indication issue for single PDCCH based multi-TRP/panel transmission. In summary, the following observation and proposals are made. 
Observation 1: Only limited entries of Rel-15 DMRS antenna port indication table can be used for single-PDCCH based multi-TRP transmission.

Proposal 1: For single-DCI based multi-TRP/panel transmission, new DMRS table and Rel-15 DMRS table can be switched by TCI indication with following principles: 
· The bit width of DMRS port indication is the same as that in Rel-15;

· DMRS ports are assigned with at least two CDM groups;

· Multi-TRP based MU cases shall be supported;

· 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 CDM groups corresponds to the second TCI state.
Proposal 2: For single-DCI based multi-TRP/panel transmission in Rel-16, LTE-like CW to layer mapping scheme for two CWs to two, three and four layers should be supported.
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