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Introduction
In Rel-16, NC-JT is introduced to further enhance spectral efficiency and reliability for NR system. Targeting different deployment scenarios, NC-JT transmission based on either single DCI or multiple DCIs can be supported. In addition to the above approaches, several enhanced schemes based on multi-TRP/panel transmission for URLLC have also been adopted in Rel-16. However, due to the lack of discussion time, there are still some issues left open. Therefore, in this contribution, we provide our views on some of the remaining issues needed to be considered to support multi-TRP/panel transmission.
Enhancement for URLLC
Repetition number for scheme 4
In RAN1#99, the following has been agreed regarding scheme 4 transmission schemes on repetition number:
	Agreement
For single-DCI based M-TRP URLLC scheme 4, the candidate values of U
RLLCRepNum is up to 16
· FFS: UE capability for maximum value of URLLCRepNum (including whether UE capability is needed



In RAN1#98, the following has been agreed regarding scheme 4 transmission schemes on TBS size:
	Agreement
For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 
The supported maximum TBS size is dependent on UE capability



[bookmark: _Hlk16333865]This is related to UE complexity and implementation aspects.  In Rel-16, large TB size may be used in URLLC use cases, and the challenge it brings for LLR combining should be considered in consecutive reception for scheme 4 for UE implementation. Separate UE capability on the supported repetition number would bring too much complexity for network scheduling. As the maximum TBS size has already been agreed to be dependent on UE capability, the total complexity for UE implementation has been considered. Thus the maximum number of repetitions does not need to be introduced as a separate UE capability for scheme 4. 
[bookmark: p27]Proposal 1: Maximum value of URLLCRepNum does not need to be defined as a separate UE capability for scheme 4.
Default value of RV_offset  for scheme 4
In RAN1#99, the following has been agreed regarding the RV sequence for scheme 4 :
	Agreement
For single-DCI based M-TRP URLLC scheme 4, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is RRC configured.



RRC Parameter added in the endorsed RRC parameter list:
	parameter  in  VSeqOffset
	[0,1,2,3]
	Per DL BWP
	Dedicated
	For slot-based repetition scheme, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence.
	Mandatory for slot-based repetition scheme, otherwise optional
The value 0 might be able to be realized by "not configured" (up to RAN2)



A default offset value is needed when the RRC parameter VSeqOffset is not configured by higher layers. Now it is suggested as 0 in the endorsed RRC parameter list. We think it needs to reconsider all the possible RV sequence combinations and try to give the best option for the default offset value.
The possible RV sequence combination applied to all the transmission occasions can be different with different RVid and RVoffsets. Here we share the same view with the observation in [1] in RAN1#99, and the default offset value RVoffsets =2 is suggested as it guarantees to get all the possible values from the best RV sequence, i.e.{0, 2, 3, 1},  for IR soft combining for all combinations. 
An example is given in Table 1 when cyclical TCI state mapping mechanism is applied.

Table 1: RV sequence when RVid = 2 with different offsets
	RV_offset
	TRP 1
	TRP 2
	TRP 1
	TRP 2
	TRP 1
	TRP 2
	TRP 1
	TRP 2

	0
	2
	2
	3
	3
	1
	1
	0
	0

	1
	2
	3
	3
	1
	1
	0
	0
	2

	2
	2
	1
	3
	0
	1
	2
	0
	3

	3
	2
	0
	3
	2
	1
	3
	0
	1



And when sequential TCI mapping mechanism is applied, an example is given in Table 2 below.

Table 2: RV sequence when RVid = 2 with different offsets
	RV_offset
	TRP 1
	TRP 1
	TRP 2
	TRP 2
	TRP 1
	TRP 1
	TRP 2
	TRP 2

	0
	2
	3
	2
	3
	1
	0
	1
	0

	1
	2
	3
	3
	1
	1
	0
	0
	2

	2
	2
	3
	1
	0
	1
	0
	2
	3

	3
	2
	3
	0
	2
	1
	0
	3
	1



With the default offset value equals 2, the RV sequence can get all the RV values, i.e., RV 0,1,2,3, for soft combining of consecutive receptions, which would provide more combining gain. 
Proposal 2: RV_offset=2 is suggested as a default value when RVSeqOffset is not configured by higher layers.     
A text proposal is provided below on the default value of RVSeqOffset in TS38.214.
---------------------------------------Start of text proposal of 5.1.2.1 in TS38.214 --------------------------------------------

The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH transmission occasions associated with the first TCI state, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted only considering PDSCH transmission occasions associated with the first TCI state. The redundancy version for PDSCH transmission occasions associated with the second TCI state is derived according to Table 5.1.2.1-3, where additional shifting operation for each redundancy version is configured by higher layer parameter RVSeqOffset and  is counted only considering PDSCH transmission occasions associated with the second TCI state. If the value is not configured via the higher layer parameter RVSeqOffset, =2 shall be assumed by the UE.

----------------------------------------------------- End of text proposal ------------------------------------------------------
Default value RepTCIMapping for scheme 4
In #98bis, the following has been agreed regarding scheme 4 transmission schemes on TCI mapping issue:
	Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
· FFS: Whether both or one of the options is UE optional or not



RRC Parameter added in the endorsed RRC parameter list:
	RepTCIMapping
	ENUMERATED {CycMapping, SeqMapping}
	Per DL BWP
	Dedicated
	For slot-based repetition scheme, enable a TCI state mapping method to PDSCH transmission occasions
	Mandatory for slot-based repetition scheme, otherwise optional 



A default value is needed when the parameter is not configured. Cyclical mapping is preferred because cyclical mapping can always achieve a better diversity gain.
Proposal 3: Cyclical mapping is suggested as the default value for RepTCIMapping as the scheme of TCI state mapping to PDSCH transmission occasions. 
A text proposal is provided below on the default value for RepTCIMapping in TS38.214.
---------------------------------------Start of text proposal of 5.1.2.1 in TS38.214 -----------------------------------------

When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by RepNumR16 in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable CycMapping or SeqMapping in RepTCIMapping. If RepTCIMapping is not configured by higher layer, CycMapping shall be assumed by the UE.

[bookmark: _Hlk32182965]-	When CycMapping is enabled, the first and second TCI states are applied to the first and second PDSCH transmission occasions, respectively, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
-	When SeqMapping is enabled, first TCI state is applied to the first and second PDSCH transmissions, and the second TCI state is applied to the third and fourth PDSCH transmissions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 

----------------------------------------------------- End of text proposal ------------------------------------------------------
TD-RA table expansions
In #98bis, the following has been agreed regarding TDRA table for PUSCH enhancement:
	Agreements:
For the dynamic indication of the number of repetitions for dynamic grant:
· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 
· The maximum TDRA table size is increased to 64
· No other spec impact is expected



It has been agreed for scheme 4 that the number of repetitions can be dynamically indicated by introducing URLLCRepNum in the PDSCH-TimeDomainResourceAllocation. And as shown above, for PUSCH repetitions in Rel-16 eURLLC agenda item, the maximum size of TD-RA table is extended to 64 which leads to an increased number of bits in DCI field for TD-RA indication. A similar level of scheduling flexibility is desired for PDSCH. 
Proposal 4: For scheme 4, the maximum TD-RA table size can be increased to 64, and the maximum number of DCI bits of TD-RA field is increased to 6 bits.
Multi-PDCCH based multi-TRP/panel transmission
CRS rate matching
In RAN1 #98bis, the following agreement on CRS patterns for rate matching was reached.
	Agreement
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· This is a UE optional feature with separate UE capability signalling
· If UE does not support this feature, the default UE behaviour is the following:
· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs




According to the above agreement, as independent sets of CRS patterns for rate matching could be configured in different TRPs, it’s possible to have an overlapp between the lists of CRS patterns from the two TRPs, which means the same subset of CRS patterns for rate matching are configured at both TRPs. However, this cannot be achieved if each CRS pattern for rate matching can be associated with only one of the CORESETPoolIndexs. 
Therefore, if RAN1 agree to support the association of a CRS pattern subset with more than one TRP, which means  a subset of CRS patterns for rate matching could be shared by both TRPs, while the rest of patterns are rate matched independently, we should inform RAN2 about it. However, the details in signaling design of CRSPatternList-CORESETPoolIndex are up to RAN2.
Proposal 5:  Support the association of a CRS pattern subset with more than one TRP.
DCI format 1-0
For multi-PDCCH based multi-TRP/panel transmission, it’s still open about whether DCI format 1_0 for multi-PDCCH scheduling is supported. And the issue has been discussed in email [98b-NR-RRC-NR_eMIMO] and some alternatives have been raised in [2].
From our perspective, for multi-PDCCH based multi-TRP/panel transmission, DCI format 1_0 can be used in TRP coordination without changing the specification. For example, TRP 0 and TRP 1 can use DCI format 1_0 and 1_1 respectively to schedule their PDSCHs if their resources are overlapped or partial-overlapped. 
However, according to the agreement reached in RAN1 #96, the UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs. With such restriction, it should be clarified that a UE cannot be scheduled to receive overlapped or partial-overlapped PDSCHs through DCI format 1_0 from both TRPs. 
Proposal 6: For multi-PDCCH based multi-TRP/panel transmission, UE is not expected to receive overlapped or partial-overlapped PDSCHs through DCI format 1_0 from both TRPs.
Conclusions
In this contribution we provide our views on some remaining aspects need to be considered for supporting multi-TRP/panel-based transmission in Rel-16. Based on the discussion above, we have the following proposals:
Proposal 1: Maximum value of URLLCRepNum does not need to be defined as a separate UE capability for scheme 4.
Proposal 2: RV_offset=2 is suggested as a default value when RVSeqOffset is not configured by higher layers. 
 Proposal 3: Cyclical mapping is suggested as the default value for RepTCIMapping as the scheme of TCI state mapping to PDSCH transmission occasions. 
Proposal 4: For scheme 4, the maximum TD-RA table size can be increased to 64, and the maximum number of DCI bits of TD-RA field is increased to 6 bits.
Proposal 5:  Support the association of a CRS pattern subset with more than one TRP.
[bookmark: _GoBack]Proposal 6: For multi-PDCCH based multi-TRP/panel transmission, UE is not expected to receive overlapped or partial-overlapped PDSCHs through DCI format 1_0 from both TRPs.
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