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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 DMRS port indication, QCL enhancement and codeword to layer mapping.
2 Design for single PDCCH based multi-TRP/Panel transmission
As shown in Figure 1, single NR-PDCCH schedules single NR-PDSCH in which 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
2.1.1 Higher layer enhancement
It has been agreed that either one or two TCI states can be mapped to one TCI code point. The mapping from one code point to one TCI states has already been supported by Rel-15. How to support the mapping from one code point to two TCI states should be the focus of Rel-16 discussion. In order to support such mapping pattern, design on RRC configuration, MAC-CE based activation/deactivation, or both of them may be involved. In order to minimize specification impact, the following two method can be considered.  

Alt1: RRC impact only: In Rel-15, a list of TCI states can be configured. Then, a MAC-CE can be used to activate 8 of them which are mapped to the 8 TCI code points in DCI. Such mechanism can be reused to realize the mapping from one TCI code point to one or two TCI states with only some modifications on RRC configuration. Specifically, in addition to TCI states, a list of TCI state sets need to be configured. Each TCI state set contains one or two TCI states.  Then, A MAC-CE is used to activate 8 TCI state sets which are mapped to the 8 TCI code points using the same principle as specified in Rel-15. According to the TCI code point of the DCI, the UE can know the TCI state(s) used for data transmission. The MAC-CE format used for TCI state set (de)activation can be identical with the one used for TCI state (de)activation as specified in 38.321. When receiving a (de)activation MAC-CE, the UE can distinguish whether it is used for TCI state set (de)activation or TCI state (de)activation by RRC signalling or other implicit information, such as whether TCI state sets are configured. Such mechanism only needs some modifications in RRC configuration, e.g., introducing the concept of TCI state set, and has no need for MAC or DCI enhancement. 
Alt2: MAC CE impact only: Instead of RRC configuration, design on the activation mechanism in MAC layer can be considered. Namely, the RRC configuration of TCI states in Rel-15 is not changed, and how to activate 8 sets of TCI states in MAC layer, each of which contains two TCI states can be considered. Specifically, a MAC-CE containing two bitmaps can be used to activate two groups of TCI states. Each group of TCI states are associated with one TRP. A TCI code point can be mapped to one TCI state for single TRP transmission, or mapped to two TCI states for multi-TRP transmission. Whether a TCI code point is mapped to one TCI state or two TCI states can be indicated by DCI. This method has no specification impact on RRC layer, and how to map the MAC-CE bits to each TCI code point should be determined in the spec. 
Proposal 1: Grouping 1 or 2 TCI states to one TCI code point can be configured/activated through RRC, or MAC CE to the UE.
2.1.2 DCI enhancement
As mentioned in section 2.1.1, DCI enhancement is needed for alt-2, as multiple groups of TCI states are mapped to the TCI code points dynamically. The UE needs to determine which TCI state group that the TCI code points are mapped to. This section provides a DCI enhancement method.  

A UE would receive DMRS ports from different TRPs which are generally non-QCLed, i.e., the ports should belong to different CDM groups. When DMRS ports within the same CDM group are indicated, only TCI code point corresponding to one TCI state can be indicated. In this case, redundancy states between the DMRS port indication and TCI indication are existed. 
In this case, multiple sets of TCI states can be activated to one code point. For example, for DMRS Type 1, both TCI state set#1 and set#2 contain one TCI state separately for each TCI code point and TCI state set#3 contains one or two TCI states for each TCI code point, when DMRS ports within the CDM group 0 are indicated, the TCI state set#1 is used; when DMRS ports within CDM group 1 are indicated, the TCI state set#2 is used; when DMRS ports within CDM group 1&2 are indicated, the TCI state set#3 is used. Note that, three TCI state sets may not need to be explicitly defined, if the TCI code point corresponding to 2 TCI states are indicated, the actual TCI state to be used is determined based on the DMRS port indication. For example, when DMRS ports within one CDM group is indicated, one of the TCI states is used, otherwise, two TCI states are used.
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Figure 2. Example on multiple TCI state sets indication
Proposal 2: When a TCI code point corresponding to two TCI states is indicated, 

· 
If DMRS port(s) are within the same/single CDM group, one of the TCI states is used.

· 
If DMRS ports are within multiple CDM groups, two TCI states corresponds to two/three CDM groups respectively.
The other remaining case is TCI indication for DMRS type 2. In Rel-15 DMRS table, most entries correspond to one or two CDM group(s). Only when two codewords are enabled, there are two entries indicate DMRS ports in three DMRS ports. Note that DMRS ports are grouped according to {0,1,6,7}, {2,3,8,9}, {4,5,10,11}. 
Table 1. Lists of DMRS indication occupying three CDM groups
	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

	0
	3
	0-4
	1

	1
	3
	0-5
	1

	…
	…
	…
	…


In such entries, ports {0, 1} and {2, 3} are in CDM group 0 and 1, and extra port 4, or 4 and 5, in CDM group 2 is indicated. To minimize spec impact, we suggest grouping ports in CDM 1 and 2 together and associating them with one TCI state. Thus we have the following proposal,
Proposal 3: 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.
2.2 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 from different TRPs can experience independent channel fading giving rise to significantly variant SNRs among layers 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 is more restricted 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 4: 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. 

2.3 DMRS port indication

2.3.1 Rel-15 DMRS port indication in multi-TRP 

In Rel-15, the DMRS port indication design 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 2). 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 2. 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 3). 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 3. 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 NCJT since only one port is available whereas there are two TCI states corresponding to two TRPs.

· 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.

Observation: Only limited entries of Rel-15 DMRS table can be used for NCJT UEs.

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 5: New DMRS port indication design should be considered for single PDCCH based multi-TRP/Panel transmission.
2.3.2 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 3) 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 3. Illustrations of typical use cases for multi-TRP scenario.
Specifically, for reused entries from Rel-15 of DMRS type 1 (both 1 and 2 symbols), as shown in Table 2, 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 3. Therefore, new port indication entries should be designed to support above use cases.
Proposal 6: 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.
2.3.3 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: At least some 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 4, 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 4. 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 7: 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: At least some 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 codewords case should be supported in the port indication design.

3 Conclusion
This contribution gives general considerations on single PDCCH based multi-TRP/panel transmission. In summary, the following observation and proposals are made. 
Observation: Only limited entries of Rel-15 DMRS table can be used for NCJT UEs.
Proposal 1: Grouping 1 or 2 TCI states to one TCI code point can be configured/activated through RRC, or MAC CE to the UE.

Proposal 2: When a TCI code point corresponding to two TCI states is indicated, 

· 
If DMRS port(s) are within the same/single CDM group, one of the TCI states is used.

· 
If DMRS ports are within multiple CDM groups, two TCI states corresponds to two/three CDM groups respectively.
Proposal 3: 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 4: 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. 
Proposal 5: New DMRS port indication design should be considered for single PDCCH based multi-TRP/Panel transmission.

Proposal 6: 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 7: 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: At least some 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 codewords case should be supported in the port indication design.
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