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1 Introduction
In NR Rel-15, the following agreements were achieved in WG1 meetings during Rel-15 which were not further discussed due to time limitation: 

· NR supports downlink transmission of the same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul [1]
· Adopt the following for NR reception [2]:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP
The WID for NR MIMO enhancements in Rel-16 was approved in RAN #80 meeting [3] and was further revised in RAN#81 [4], including the following objectives to enhance multi-TRP/panel transmission with both ideal and non-ideal backhaul: 

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission

· Multi-TRP techniques for URLLC requirements are included in this WI.
The following agreement for multi-TRP transmission was achieved in RAN1#95 [5].

· For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16

· Applies for eMBB

In this contribution, we focus on single PDCCH based multi-TRP/panel transmission and provide our views on single PDCCH design, which contains QCL enhancement and DMRS port indication.
2 Design for single PDCCH based multi-TRP/Panel transmission
The introduction of single DCI based multi-TRP transmission was agreed in WG1 meeting during Rel-15 timeframe [2]. As shown in Figure 1, single NR-PDCCH schedules single NR-PDSCH where different layers can be transmitted from separate TRPs with same PRB allocation.  
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Figure 1. An illustration of single DCI based multi-TRP transmission
2.1 QCL enhancement
· Maximum number of TRPs/panels in NCJT operation 
This issue relates to maximum CW number and/or QCL number over the scheduled PDSCHs per BWP per OFDM symbol, which was discussed in R15 and had the following working assumption. 

• (Working assumption) In this case (Multiple PDCCHs), at most a total of 2 CWs over the scheduled NR-PDSCHs

In addition, the CW number and/or QCL number will directly affect the buffer size and the complexity of processing, which is an important factor for the cost of UE. So the number of TRPs/panels for single PDCCH design per BWP per OFDM symbol is 2 in NR R16, unless more than 2 can show significant gain.
· TCI state indication mechanism

The TRPs can be geographically separated, resulting in quite different transmission paths from different TRPs to the UE. If the UE is only provided with one TCI state for one PDSCH transmitted from one TRP, the UE can only adjust its timing window, and perform frequency tracking according to one of TRPs, then PDSCH demodulation performance loss will occur. Thus, to ensure the demodulation performance, the QCL assumption for the PDSCH from different TRPs should be enhanced. Several options can be considered to indicate multiple QCLs for multiple TRPs:
· Option 1: multiple QCLs with the same QCL type can be allowed in one TCI state to associated with multiple TRPs 
· Option 2: multiple RS sets associated with multiple DRMS ports/port groups/CW(s) can be allowed in one TCI state to provide multiple QCL sets associated with multiple TRPs.
· Option 3: multiple TCI configurations, each with multiple TCI states can be configured by higher layer signaling and a specific configuration is selected dynamically by DCI. 
Proposal 1: To support single PDCCH based multi-TRP/Panel transmission, TCI state indication for PDSCH should be enhanced so that each TCI state corresponds to at least one DMRS port group(s)/CW(s). One TCI indication field in DCI for one PDSCH indicates at most two TCI states.
2.2 DMRS port indication
2.2.1 Rel-15 DMRS port indication in multi-TRP 

In Rel-15, the DMRS port indication was designed and focused on the single-TRP scenario, where one of the main design principle is that “A UE in MU-MIMO (multi-user MIMO) should be scheduled ports firstly within a specific CDM group, and then across CDM groups from UE perspective”. Note that it has been agreed that DMRS ports within the same CDM groups are QCLed in Rel-15. In this way, the UE would be scheduled with QCLed DMRS ports in most cases. In fact, in Tables 7.3.1.2.2-1/2/3/4 of TS 38.212, the scheduled DMRS ports for a UE are in the same CDM group for most cases, e.g., a 4-layer UE is scheduled with ports {0,1,4,5} for DMRS type 1 with 2 symbols.
However, for multi-TRP scenarios, a UE would receive DMRS ports from different TRPs which are generally non-QCLed, i.e., the ports have to be from different CDM groups. Therefore, the above principle in Rel-15 is no longer suitable. 

Below we give a brief summary of Tables 7.3.1.2.2-1/2/3/4 of TS 38.212 for multi-TRP scenario.

· Limited entries/layers can be reused in multi-TRP while suffering from performance loss due to one CW would be shared between multi-TRP.

· Limited cases/layers: For example, only 4-layer is supported for DMRS type 1 with 2 symbols, and no available case for DMRS type 2 with 2 symbols. 
· Performance loss: Some reused cases may cause performance loss since the ports with the same CW/MCS might be transmitted from different TRPs. For example, a 5-layer UE is scheduled with two codewords and assigned ports as {0,1,2,3,4} for DMRS type 1 with 2 symbols. For ideal backhaul, TRP-1 can transmit CW1={0,1} and CW2={4} while TRP2 transmits CW2={2,3}. It can be noticed that, ports {4} and {2,3} are transmitted from different TRPs, i.e., different channel states, but share the same MCS, which thus introduces performance loss since one MCS cannot balance different channel states perfectly.
· Reused cases: 

· For DMRS type 1, for one codeword, a multi-TRP UE can be assigned with indices of {9,10,11,or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 (see Table 1). Note that for the reused cases, the UE can assume as SU in Rel-15. Besides, it can be found that only 4-layer SU scheduling is supported for DMRS type 1 with 2 symbols, whereas 2-4 layers and MU scheduling are missing.
Table 1. Reused entries for multi-TRP in Tables 7.3.1.2.2-1/2 of TS 38.212
	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

	9
	2
	0-2
	1
	0
	2
	0-4
	2

	10
	2
	0-3
	1
	1
	2
	0,1,2,3,4,6
	2

	11
	2
	0,2
	1
	2
	2
	0,1,2,3,4,5,6
	2

	30
	2
	0,2,4,6
	2
	
	
	
	


· For DMRS type 2, for one codeword, a multi-TRP UE can be assigned with indices of {9,10,20,21,22,23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 (see Table 2). Note that for indices {10,23} with one codeword and all indices with two codewords, the UE can assume as SU in Rel-15. Moreover, there is no available case for DMRS type 2 with 2 symbols for 2-4 layers.

Table 2. Reused entries for multi-TRP in Tables 7.3.1.2.2-3/4 of TS 38.212

	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

	9
	2
	0-2
	1
	0
	3
	0-4
	1

	10
	2
	0-3
	1
	1
	3
	0-5
	1

	20
	3
	0-2
	1
	2
	2
	0,1,2,3,6
	2

	21
	3
	3-5
	1
	3
	2
	0,1,2,3,6,8
	2

	22
	3
	0-3
	1
	4
	2
	0,1,2,3,6,7,8
	2

	23
	2
	0,2
	1
	5
	2
	0,1,2,3,6,7,8,9
	2


· Majority entries cannot be used for multi-TRP for several reasons: 

· For cases with 1 layer, they certainly cannot be used for multi-TRP for eMBB since only one port is available.

· For 2-4 layers, the UE is scheduled with DMRS ports within only one CDM group in Rel-15, i.e., all scheduled ports are QCL-ed. However, UE would receive non-QCLed ports from different TRP in multi-TRP scenario.
· For example, for DMRS type 1 with 2 symbols, the scheduled ports are {0,1}, {0,1,4}, and {0,1,4,5} for 2, 3, and 4 layers respectively, where all scheduled ports for a UE are from CDM group 0 and thus are QCL-ed.
From above observations and analyses, we can conclude that the DMRS port indication in Rel-15 is no longer suitable for multi-TRP scenario. Therefore, we have the following proposal

Proposal 2: New DMRS port indication design should be considered for single PDCCH based multi-TRP/Panel transmission.
2.2.2 Typical use cases of multi-TRP 
To maximize the scheduling flexibility of gNB in multi-TRP scenario, we give some typical use cases (Cases 1-5 in Figure 2) which should be considered in the port indication design, where Case-1 and Case-2 have been widely considered in single-TRP and thus their illustrations are omitted. Note that Case-4 and Case-5 are both typical MU uses cases and thus are essential for multi-TRP scenarios. 
· Case-1: SU with single TRP

· Case-2: MU with single-TRP (UE-1 with single-TRP and UE-2 with single-TRP)

· Case-3: SU with multi-TRP (UE 1 with multi-TRP)

· Case-4: MU with multi-TRP (UE 1 with single-TRP and UE 2 with multi-TRP)

· Case-5: MU with multi-TRP (UE 1 with multi-TRP and UE 2 with multi-TRP) 
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Figure 2. Illustrations of typical use cases for multi-TRP scenario.
Specifically, for Rel-15’s reused entries of DMRS type 1 (both 1 and 2 symbols), as shown in Table 1, Case-4 and 5 cannot be supported since all available entries are Case-3, i.e., SU with multi-TRP. And for DMRS type 2 with 2 symbols, Cases 3-5 cannot be supported since there is no available entries for multi-TRP in Rel-15 table, as given in Table 2. Therefore, new port indication entries should be designed to support above use cases.
Proposal 3: To maximize the scheduling flexibility of gNB in multi-TRP scenario, all use cases 1-5 should be considered jointly in DMRS port indication design.
2.2.3 Basic principle of DMRS port indication design for multi-TRP 
In the following, we give some basic principles and also some examples for elaboration.

· Principle-1: A UE in multi-TRP MU-MIMO should be scheduled ports firstly across CDM groups and then within CDM groups from UE perspective. 

· Motivation: This principle ensures that the UEs for Case 4 and Case 5 are scheduled with DMRS ports from different CDM groups which can be used by non-QCLed TRPs. 
· Example: For DMRS type 1 with 1 symbol, UE-1 with ports {0,2} and UE-2 with ports {1,3}.
· Principle-2: The entries in Rel-15 port indication table shall be remained to support both single-TRP/multi-TRP operation efficiently, but mitigating DCI overhead as much as possible.
· Motivation: This principle ensures that the UE can switch the multi-TRP and single-TRP dynamically without table switching, e.g., for Case-1 and Case-3, or Case-2 and Case-4. Besides, entries in Rel-15 can also MU with new added entries designed for multi-TRP, e.g. for  Case-4 and Case-5.
· Example: For DMRS type 1 with 1 symbol, the Rel-15 entries are all included in the new table for multi-TRP and can be used for MU with multi-TRP UE. As shown in Table 3, UE-1 with single TRP can be scheduled with entry 4 (Rel-15 entry) while UE-2 with multi-TRP can be scheduled with new added entry X.

Table 3. Example of principle-2 (DMRS type 1 with 1 symbol)

	One Codeword:

Codeword 0 enabled,

Codeword 1 disabled
	Remarks

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

	4
	2
	1
	Rel-15 entry

	X
	2
	0,2
	New entry for multi-TRP


· Principle-3: When a UE is scheduled with 2-4 layers in multi-TRP, two codeword cases should be supported in the port indication design.

· Motivation: As different TRPs are generally non-QCLed, it is benefit to support 2 codewords for 2-4 layers for Case-3, Case-4, and Case-5 as each TRP could use one codeword to adjust its own MCS, which will greatly improve the system performance. 

· Example: For DMRS type 1 with 1 symbol, a UE can be scheduled with two codewords and assigned with DMRS ports as {0,2} while number of DMRS CDM groups without data is 2, where TRP-1 uses CW1={0} and TRP-2 uses CW2={2}.

In summary, we give the following proposal 
Proposal 4: For single PDCCH based multi-TRP/Panel transmission, the following principles should be considered in the DMRS port indication design for both type I and type II.
· Principle-1: A UE in multi-TRP MU-MIMO should be scheduled ports firstly across CDM groups and then within CDM groups from UE perspective.
· Principle-2: The entries in Rel-15 port indication table shall be remained to support both single-TRP/multi-TRP operation efficiently, but mitigating DCI overhead as much as possible.

· Principle-3: When a UE is scheduled with 2-4 layers in multi-TRP, two codeword cases should be supported in the port indication design.

2.3  Configuration and monitoring of PDCCH for ideal-backhaul
For the scenario with ideal backhaul, multiple PDCCHs can also be optimized to support NC-JT more efficiently by reducing the number of monitoring PDCCH candidates. For example, association between multiple PDCCHs monitoring can be introduced to reduce DCI detection attempts. One possible solution is that some messages can be added and conveyed in each DCI among dependent DCIs to indicate whether other dependent DCI may exist or not so that UE can stop monitoring candidates, or not. Alternatively, association between the configured AL of multiple PDCCHs can be defined so that UE does not need to detect all the configured ALs for each DCI after dependent DCI is detected. For example, the same AL can be assumed by the UE among dependent DCIs, as shown in Figure 3.  
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Figure 3. Illustration of the association between the configured ALs of 2 DCIs
Proposal 5: Dependence among monitoring PDCCH candidates can be considered to mitigate UE BD complexity for the scenario with ideal backhaul.
2.4 Codeword to layer mapping
For single PDCCH based multi-TRP/panel, one essential issue impacting performance is the codeword to layer mapping scheme. If the number of total layers does not exceed 4, with single PDCCH, only one codeword can be scheduled according to the CW to layer mapping scheme in Rel-15. Layers within one codeword coming from different TRPs can experience independent channel fading giving rise to significantly variant SNRs among layers within single CW. If consider FR2, such variance may be greater.  Therefore single DCI based NCJT may not harvest all potential because such an averaged MCS is more restricted by the worst link among all layer received the UE. The performance from LLS is shown in [6]. 
To harvest gain from single-DCI based multi-TRP/panel, codeword to layer mapping scheme should be enhanced so that two codewords can be mapped to two, three and four layers at least.
More detailed analysis can be found in [6].

Proposal 6: For single-DCI based multi-TRP/panel transmission in Rel-16, LTE-like CW to layer mapping scheme for two, three and four layers spatial multiplexing should be supported. 
3 Conclusion
This contribution gives general considerations on single PDCCH based multi-TRP/panel transmission. In summary, the following proposals are made. 
Proposal 1: To support single PDCCH based multi-TRP/Panel transmission, TCI state indication for PDSCH should be enhanced so that each TCI state corresponds to at least one DMRS port group(s)/CW(s). One TCI indication field in DCI for one PDSCH indicates at most two TCI states.
Proposal 2: New DMRS port indication design should be considered for single PDCCH based multi-TRP/Panel transmission.
Proposal 3: To maximize the scheduling flexibility of gNB in multi-TRP scenario, all use cases 1-5 should be considered jointly in DMRS port indication design.
Proposal 4: For single PDCCH based multi-TRP/Panel transmission, the following principles should be considered in the DMRS port indication design for both type I and type II.
· Principle-1: A UE in multi-TRP MU-MIMO should be scheduled ports firstly across CDM groups and then within CDM groups from UE perspective.
· Principle-2: The entries in Rel-15 port indication table shall be remained to support both single-TRP/multi-TRP operation efficiently, but mitigating DCI overhead as much as possible.

· Principle-3: When a UE is scheduled with 2-4 layers in multi-TRP, two codeword cases should be supported in the port indication design.

 Proposal 5: Dependence among monitoring PDCCH candidates can be considered to mitigate UE BD complexity for the scenario with ideal backhaul.
Proposal 6: For single-DCI based multi-TRP/panel transmission in Rel-16, LTE-like CW to layer mapping scheme for two, three and four layers spatial multiplexing should be supported. 
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