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Introduction
In this contribution, we provide our views on some of the remaining issues need to be considered to support multi-TRP/panel transmission.
Single-DCI based multi-TRP/panel transmission
According to current spec, for scheme 4, the redundancy version applied to multiple transmission occasions associated with the first TCI state is derived from the table which was defined for slot aggregation transmission in Rel-15 when using the higher layer parameter pdsch_AggregationFatcor to indicate the repetition number of PDSCH.  However the description of the table is not appropriate for URLLC scheme 4 highlighted as below and may lead to a misunderstanding on repetition number indication. Therefore, we suggest to use a separate table  for the illustration for scheme 4 to avoid the confusion.
Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



Proposal 1: Use a separate table from Rel-15 for the redundancy version applied for scheme 4.
The following TP for section 5.1.2.1 in TS38.214 is provided.
----------------------------------------------------- Start of text proposal ------------------------------------------------------
5.1.2.1	Resource allocation in time domain
<Unchanged parts are omitted>
[bookmark: _Hlk23779989]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 5.1.2.1-32, 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 5.1.2.1-43, 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. 

Table 5.1.2.1-3: Applied redundancy version when RepetitionNumber-r16 is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion with first TCI state

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3




Table 5.1.2.1-34: Applied redundancy version for the second TCI state when sequenceOffsetforRV-r16 is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion with second TCI state

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



-	If one TCI state is indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field "Time domain resource assignment' indicating an entry in pdsch-TimeDomainAllocationList  which contain RepNumR16 in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field "Antenna Port(s)", the same SLIV is applied for all PDSCH transmission occasions, the first PDSCH transmission occasion follows Clause 5.1.2.1, the same TCI state is applied to all PDSCH transmission occasions. The UE may expect that each PDSCH transmission occasion is limited to two transmission layers. For all PDSCH transmission occasions, the redundancy version to be applied is derived according to Table 5.1.2.1-2, where  is counted considering PDSCH transmission occasions. 
-	Otherwise, the UE is expected to receive a single PDSCH transmission occasion, and the resource allocation in the time domain follows Clause 5.1.2.1. 
<Unchanged parts are omitted>
------------------------------------------------------- End of text proposal ------------------------------------------------------
In clause 5.1.2.1 of 38.214, the following description on scheme 4 can be found. 
[bookmark: _Hlk26036768]When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, 
-	If two TCI states are indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field 'Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)', the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots, the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. 
	When the value indicated by repetitionNumber in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by repetitionNumber in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable cyclicMapping or sequenticalMapping in tciMapping. 
-	When cyclicMapping 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 sequenticalMapping 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. 
It’s noted that both “transmission occasion” and “transmission” are used to term the repetition in scheme 4. To align the terminology used in describing scheme 4, we have the following proposal.
Proposal 2: Unify the terminology in description of scheme 4 in clause 5.1.2.1 of 38.214.
The following TP for section 5.1.2.1 in TS38.214 is provided.
----------------------------------------------------- Start of text proposal ------------------------------------------------------
5.1.2.1	Resource allocation in time domain
<Unchanged parts are omitted>
When a UE configured by the higher layer parameter PDSCH-config that indicates at least one entry contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, 
-	If two TCI states are indicated by the DCI field 'Transmission Configuration Indication' together with the DCI field 'Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)', the same SLIV is applied for all PDSCH transmission occasions across the repetitionNumber consecutive slots, the first TCI state is applied to the first PDSCH transmission occasion and resource allocation in time domain for the first PDSCH transmission occasion follows Clause 5.1.2.1. 
	When the value indicated by repetitionNumber in PDSCH-TimeDomainResourceAllocation equals to two, the second TCI state is applied to the second PDSCH transmission occasion. When the value indicated by repetitionNumber in PDSCH-TimeDomainResourceAllocation is larger than two, the UE may be further configured to enable cyclicMapping or sequenticalMapping in tciMapping. 
-	When cyclicMapping 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 sequenticalMapping is enabled, first TCI state is applied to the first and second PDSCH transmissionstransmission occasions, and the second TCI state is applied to the third and fourth PDSCH transmissionstransmission occasions, and the same TCI mapping pattern continues to the remaining PDSCH transmission occasions. 
<Unchanged parts are omitted>
------------------------------------------------------- End of text proposal ------------------------------------------------------
Mulit-DCI based multi-TRP/panel transmission
In RAN1 #98, the following agreement on multi-DCI based multi-TRP transmission with separate ACK/NACK feedback within a slot was reached.
	Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP


In RAN1 #99, the following agreement on out-of-order operations was reached.
	Agreement 
For multi-DCI based multi-TRP, when PDCCHs schedule two PDSCHs/PUSCHs across TRPs, i.e. PDCCHs are associated with different values of CORESETpoolIndex, following operations are allowed: 
· PDCCH to PDSCH: For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i.
· PDCCH to PUSCH: For any two HARQ process IDs  in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH associated with a different value of CORESETpoolIndex  that ends later than symbol i. 
· Note that from the UE perspective, it does not imply overlapped PUSCHs at the time.
· PDSCH to HARQ-Ack: In a given scheduled cell, the UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH associated with a CORESETpoolindex different from the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.


In current specification, out-of-order operation for PDSCH to HARQ-ACK can be supported only in slot-level granularity. According to the agreement on TDMed PUCCHs within a slot, it is natural to support out-of-order operation for PDSCH to TDMed HARQ-ACK within a slot.  
In such case, when a UE receives the second PDSCH starting later than the first PDSCH which is scheduled with a CORESET associated with a different value of CORESETpoolindex, the UE can be allowed to transmit HARQ-ACK for the second PDSCH in the symbols before the start of HARQ-ACK for the first PDSCH within a slot.
Proposal 3: Out-of-order operation for PDSCH to HARQ-ACK within a slot is supported. 
A text proposal is provided below for 5.1 of  TS38.214.
[bookmark: _Toc11352089][bookmark: _Toc20317979][bookmark: _Toc27299877][bookmark: _Toc29673142][bookmark: _Toc29673283][bookmark: _Toc29674276]----------------------------------------------------- Start of text proposal for 5.1 of TS38.214 ----------------------------------
<Unchanged parts are omitted>
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex. For a ControlResourceSet without CORESETPoolIndex, the UE may assume that the ControlResourceSet is assigned with CORESETPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex, the following operations are allowed: 
-	For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH associated with a value of CORESETpoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of CORESETpoolIndex that ends later than symbol i. 
-	In a given scheduled cell, the UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH associated with a value of CORESETpoolindex different from that of the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. or in the symbols before the start of HARQ-ACK for the first PDSCH in slot j.
------------------------------------------------------- End of text proposal ------------------------------------------------------
Regarding the UE procedure for receiving multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain, the following description can be found in clause 5.1 of 38.214.
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex. For a ControlResourceSet without coresetPoolIndex, the UE may assume that the ControlResourceSet is assigned with coresetPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, the following operations are allowed:
It seems that the sentence marked in red can be interpreted in two ways.
· Interpretation 1: The UE may expect the reception of full/partially-overlapped PDSCHs in time, only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex.
· Interpretation 2:The UE may expect the reception of full/partially-overlapped PDSCHs in time only, when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex.
Obviously, it’s a common understanding that RAN1 agreement was based on interpretation 1. However, it can be interpreted as interpretation 2 as well. To eliminate such ambiguity, we suggest to add a comma as in interpretation 1.
Proposal 4: To eliminate ambiguity in understanding the UE procedure for receiving multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs, we suggest to adopt the following modification to clause 5.1 of 38.214. 
· The UE may expect the reception of full/partially-overlapped PDSCHs in time, only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex.
A text proposal is provided below for 5.1 of TS38.214.
----------------------------------------------------- Start of text proposal for 5.1 of TS38.214 ----------------------------------
<Unchanged parts are omitted>
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time, only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex. For a ControlResourceSet without coresetPoolIndex, the UE may assume that the ControlResourceSet is assigned with coresetPoolIndex as 0. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, the following operations are allowed: 
------------------------------------------------------- End of text proposal ------------------------------------------------------
In current version of 38.213, the condition for supporting separate ACK/NACK feedback within a slot is not aligned between clause 9.2 and 9.2.3. In clause 9.2 it’s stated that “If a UE is provided ackNackFeedbackMode = separate, the UE may transmit up to two PUCCHs with HARQ-ACK information in different symbols within a slot.” However, in clause 9.2.3, it’s appears that “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot.” 
Actually, supporting up to two PUCCHs with HARQ-ACK information in different symbols within a slot is just for M-DCI based NC-JT with separate ACK/NACK feedback. Therefore, to align the descriptions of separate ACK/NACK feedback within a slot in different parts of 38.213, we propose to further confine in 9.2.3 that “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot, if the UE is not provided ackNackFeedbackMode = separate.”
Proposal 5: To align the descriptions of separate ACK/NACK feedback within a slot in clause 9.2 and 9.2.3 of 38.213, we propose to further state in 9.2.3 that “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot, if the UE is not provided ackNackFeedbackMode = separate.” 
---------------------------------------------------- Start of text proposal for 9.2.3 of TS38.213 ----------------------------------
<Unchanged parts are omitted>
[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304][bookmark: _Toc36498178][bookmark: _Toc45699204][bookmark: _Toc60601321]9.2.3  UE procedure for reporting HARQ-ACK
A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot, if the UE is not provided ackNackFeedbackMode = separate. 
------------------------------------------------------- End of text proposal ------------------------------------------------------
Conclusions
In this contribution we provide our views on some remaining issues need to be addressed for supporting multi-TRP/panel-based transmission in Rel-16. Based on the discussion above, we have the following proposals:
Proposal 1: Use a separate table from Rel-15 for the redundancy version applied for scheme 4.
The corresponding TP is provided in subsection 2.
Proposal 2: Unify the terminology in description of scheme 4 in clause 5.1.2.1 of 38.214.
The corresponding TP is provided in subsection 2.
Proposal 3: Out-of-order operation for PDSCH to HARQ-ACK within a slot is supported .
The corresponding TP is provided in subsection 3.
Proposal 4: To eliminate ambiguity in understanding the UE procedure for receiving multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs, we suggest to adopt the following modification to clause 5.1 of 38.214. 
· The UE may expect the reception of full/partially-overlapped PDSCHs in time, only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of CORESETPoolIndex.
The corresponding TP is provided in subsection 3.
Proposal 5: To align the descriptions of separate ACK/NACK feedback within a slot in clause 9.2 and 9.2.3 of 38.213, we propose to further state in 9.2.3 that “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot, if the UE is not provided ackNackFeedbackMode = separate.” 
The corresponding TP is provided in subsection 3.
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