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1. Introduction
In Rel-15, transmission with multiple TRPs/panels was considered as one of important scenarios for NR system to overcome blockage effect and offer enhanced spectral efficiency for edge users. However, due to the lack of enough time budget and high work load in the first release of NR, the work of multi-TRP/panel transmission was postponed in Rel-15. Based on discussions in quite few meetings in Rel-15, only some initial agreements/working assumptions on issues such as evaluation assumptions, transmission schemes, control channel, DMRS and QCL, etc.,  have been reached.   
In Rel-16, based on an integrated framework of NR system, the work item for enhancement on MIMO operation is still ongoing[1]. The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives for enhancements on multi-TRP/panel transmission are as follows. 

· 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
In the last meeting, the following agreements have been achieved[2].
Agreement

In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 

· HARQ-ACK information bits are concatenated by the increasing order of

· PDSCH reception occasion index at first

· and then serving cell index

· and TRP (i.e. higher layer index configured per CORESET (if configured))

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Agreement

In case higher layer index per CORESET is configured, 

· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Conclusion

For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, there is no consensus to increase the maximum number of HARQ process in Release 16

Agreement

For single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 

· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.

· Principle 2: No consensus to have additional specification support for MU cases

· Principle 3: No consensus to have additional specification support for two CWs

Agreement

For single-DCI based M-TRP URLLC scheme 2a and 2b: 

· The number of TCI states is 2

· Support up to 2 transmission layers for scheme 2a 

Agreement

For single-DCI based M-TRP URLLC scheme 3 & 4 

· The maximum number of TCI states is 2

· Resource allocation in time domain:

· Support same number of consecutive symbols scheduled for transmission occasion 

· For scheme 3 

· All transmission occasions are in a single slot by NW implementation without dropping. 

· FFS for DL/UL switching within the slot  

Agreement

For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 

· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

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 

Agreement

PDSCH repetition indication mechanism: 

· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis

· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions

· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis

· Option 1: It is dynamically indicated 

· Option 2: By high-layer signaling following Rel-15 mechanism 

Email discussion on the details of PDSCH repetition indication mechanism by 6th of Sep Min (Huawei)
Agreement

For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis

· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 

· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
Agreement

In order to switch between joint and separated ACK/NACK feedback within a slot, 

· RRC signaling is used to switch between joint feedback and separate feedback

· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 

Agreement

With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis

· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets

· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

Agreement

For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.

Email discussion on the following description (RED) of BD/CCE restriction for multi-DCI based multi-TRP transmission by 20th of September, Min (Huawei)
For the UE supporting multi-DCI based multi-TRP transmission, 

· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”), the maximum number of monitored PDCCH candidate and non-overlapped CCEs per slot for a DL BWP is no greater than the Rel.15 limit.  

· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on  
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· (Bound derived from pdcch-BlindDetectionCA) The maximum numbers of monitored PDCCH candidate and non-overlapped CCEs per slot for total limits, 
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  defined in 38.213,  for a serving cell configured with multi-DCI based multi-TRP transmission are increased as r times the numbers for a serving cell configured with single-DCI based transmission
· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  
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, are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP
Agreement

At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs

· Alt2: configured CRS patterns which are associated with a higher layer signalling 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.

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

Agreement

When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 

· the first TCI state is applied to the first indicated CDM group

· the second TCI state is applied to the second indicated CDM group 

FFS: the definition of the first or second indicated CDM group

FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS

Agreement

For single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group.

In this contribution, we provide our views on some aspects need to be considered for supporting multi-TRP/panel transmission in Rel-16.
2. Single-PDCCH based multi-TRP/panel DL transmission 
2.1. DMRS ports allocation 
Regarding the DMRS allocation signalling design, at least the following aspects need to be discussed:

· The number of front-load DMRS symbols needed in NC-JT

· Mapping between TCI state and CDM group(s)/ flexible rank combination

· DMRS ports allocation for URLLC as well as eMBB

2.1.1 Entries needed for NC-JT

In NC-JT transmission, different group of layers is transmitted from different TRP/panel. In such case, at least two groups of DMRS port with different QCL assumptions should be available. Furthermore, as the DMRS ports within each CDM group are assumed to be QCL-ed, the DMRS ports allocated for NC-JT with rank>=2 should be mapped to at least two CDM groups. To that end, we need to check the entries indicating DMRS port allocation in DCI for each combination of DMRS configuration type and maximum length of front-load DMRS symbols.

For DL-DMRS-config-type=1 and DL-DMRS-max-len=1 (Table 7.3.1.2.2-1 in 38.212),

· Rank=2: value 11 can be used to allocate 2 DMRS ports across 2 CDM groups

· Rank=3/4: all the values for rank3-4 correspond to DMRS port allocation across 2 CDM groups

Therefore, for DL-DMRS-config-type=1 and DL-DMRS-max-len=1, NC-JT can be supported with current DMRS allocation mechanism.
For DL-DMRS-config-type=1 and DL-DMRS-max-len=2 (Table 7.3.1.2.2-2 in 38.212),
· Rank=2: value 11 can be used to allocate 2 DMRS ports across 2 CDM groups for 1-symbol front-load DMRS case, while for 2-symbol front-load DMRS case, there’s no entry available for cross-CDM group allocation of DMRS ports
· Rank=3: value 9 can be used to allocate 2 DMRS ports across 2 CDM groups for 1-symbol front-load DMRS case, while for 2-symbol front-load DMRS case there’s no entry available for cross-CDM group allocation of DMRS ports
· Rank=4: value 10 and 30 are available for cross-CDM group allocation for 1 and 2 symbols of front load DMRS respectively
· Rank=5-8: all the values for rank5-8 correspond to DMRS port allocation across 2 CDM groups
It’s observed that cross-CDM group allocation is not possible for rank2-3 with 2-symbol front-load DMRS. However, one of the motivations of supporting the port allocations with 2-symbol front-load DMRS patterns are to support more orthogonal ports in MU-MIMO. In practice, MU-MIMO can only show notable performance gain when RU is high enough. On the other hand, NC-JT is beneficial for the case with relatively low RU. Therefore, the use cases for the two transmission schemes are basically conflicted. Considering the fact that as at least for 1-symbol front-load DMRS, cross-CDM group allocations are already supported, no new values are needed for NC-JT with rank=2-3 for the case DL-DMRS-config-type=1 and DL-DMRS-max-len=2.
For DL-DMRS-config-type=2 and DL-DMRS-max-len=1 (Table 7.3.1.2.2-3 in 38.212),

· Rank=2: value 23 can be used to allocate 2 DMRS ports across CDM groups for Number of DMRS CDM group(s) without data=2, while for the case Number of DMRS CDM group(s) without data=3, there’s no value available for cross-CDM group allocation of DMRS ports
· Rank=3/4: for Number of DMRS CDM group(s) without data equals both 2 and 3, there’re values available for cross-CDM group allocation

· Rank=5-6: all the values for rank5-6 correspond to DMRS port allocation across CDM groups
It’s observed that no value is available to support DMRS port allocation across CDM groups for rank=2 with  Number of DMRS CDM group(s) without data=3. However, the case Number of DMRS CDM group(s) without data=3 are mainly used for higher order SU/MU-MIMO.  Furthermore, value 23 can be used to allocated 2 DMRS ports across CDM groups for Number of DMRS CDM group(s) without data=2. Therefore, no new values are needed for rank-2 NC-JT with DL-DMRS-config-type=2 and DL-DMRS-max-len=1.

For the case DL-DMRS-config-type=2 and DL-DMRS-max-len=2 (Table 7.3.1.2.2-4 in 38.212),
· Rank=2: value 23 can be used to allocate 2 DMRS ports across CDM groups for Number of DMRS CDM group(s) without data=2, while for the case Number of DMRS CDM group(s) without data=3, there’s no entry available for cross-CDM group allocation of DMRS ports
· Rank=3/4: for the case with Number of DMRS CDM group(s) without data=3 and 2-symbol front-load DMRS, no entries are available for cross-CDM group allocation. However, for the following cases, cross-CDM group allocation can be supported:

· Number of DMRS CDM group(s) without data=2 and 1-symbol front-load DMRS
· Number of DMRS CDM group(s) without data=3 and 1-symbol front-load DMRS
· Rank=5-8: all the values for to rank5-8 correspond to DMRS port allocation across CDM groups
Similar to the analysis above, the case with DMRS CDM group(s) without data=3 and/or 2-symbol front-load DMRS are mainly used for higher-order SU/MU-MIMO, and for other cases with rank>=2, there’re always values available for supporting DMRS port allocation across CDM groups. Therefore, no new values are needed for the case DL-DMRS-config-type=2 and DL-DMRS-max-len=2.

Based on the analysis above, it’s observed that, for rank greater than 1 in the four DMRS tables in current spec., allocations of DMRS ports across CDM groups are already supported. Furthermore, MU-MIMO is not necessarily to be considered in NC-JT.

Observation 1: for rank greater than 1 in all the four DMRS tables in current spec., allocations of DMRS ports across CDM groups are already supported.

Proposal 1: it’s not necessary to support the allocation of DMRS ports across CDM groups for all the numbers of front-load DMRS symbol. In the other word, for each rank greater than 1, if at least one entry in the DMRS table can support DMRS ports allocation across CDM groups, no additional entries are needed for supporting NC-JT.
2.1.2 Mapping between TCI state and CDM group 
From DMRS port allocation perspective, the supporting of different transmission schemes used for both URLLC and eMBB is more related to the mapping between TCI state and CDM group/resource. For example, 

· For the case 1 TCI state is indicated and 1, 2 or 3 CDM groups are allocated for the UE, that TCI state is mapped to all the CDM groups.

· For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, the following alternatives are possible:

· Alt. 1: the case with 2 TCI states and 1 allocated CDM group is not supported in DCI. The available TCI states are limited with this alternative. 

· Alt. 2: dynamic indication of the TCI state to be used in DCI. As all the TCI states can be indicated for single CDM group allocation, higher flexibility can be obtained. However, higher spec. impact is expected with this approach. 

· Alt. 3: fixed mapping between TCI state and CDM group, i.e., always use the first or second TCI state for that case. Compared with Alt.1, higher flexibility can be obtained, while the impact on spec. is limited compared with Alt.2.

· Alt. 4 (preferred): 
· For FDM and TDM, in each resource allocation/time-domain transmission occasion, one of the TCI states is mapped to the allocated CDM group for that UE. With this alternative, TDM and FDM based URLLC transmission can be supported. 
· For eMBB, only a predefined (e.g. the first) TCI state is used. 
· Considering the flexibility with Alt. 4, this alternative is preferred. 
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE,
· It’s already agreed that for single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group. Therefore, that case applies to eMBB and SDM only. 
· In eMBB and SDM, as agreed in the last meeting, a fixed mapping rule is used for such case. To be specific, TCI state 0 and 1 are mapped to CDM group 0 and 1 respectively.
Due to the dynamic nature of wireless channel, the supported rank for different TRPs/panels may change drastically in NC-JT. In order to adapt to the supported number of layers for each TRP/panel, it would be beneficial if the combination of rank from two TRPs/panels can be indicated dynamically. To that end, more entries in DMRS table indicating different combinations of port numbers from 2 CDM groups can be introduced. For example, in Table 1, TCI state 0 and 1 are always mapped to CDM group 0 and 1 respectively. In rank 3 transmission, the DMRS port allocation of (0, 1, 2) can be indicated by entry 9, and a newly introduced entry, i.e., entry 12, can be used to indicate ports (0, 2, 3). In such a way, both of the rank combination (1, 2) and (2, 1) can be supported for rank 3.
Based on the discussion above, eMBB and URLLC can be supported with different mapping rules between TCI state and CDM group/resource. Therefore, from DMRS port allocation perspective, to support URLLC transmission, no addition entries are needed.
Proposal 2: from DMRS port allocation perspective, to support URLLC transmission, no addition entries are needed in DMRS table.

Proposal 3: eMBB and URLLC can be supported with different mapping rules between TCI state and CDM group/resource. 
Proposal 4: the following mapping rules depending on the configured transmission scheme can be considered.

· For the case 1 TCI state is indicated and 1, 2 or 3 CDM groups are allocated for the UE, that TCI state is mapped to all the CDM groups.

· For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, 
· For FDM and TDM, in each resource allocation/time-domain transmission occasion, one of the TCI states is mapped to the allocated CDM group for that UE. 
· For eMBB, only one predefined TCI state is used. 
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE, in eMBB and SDM transmissions, TCI state 0 and 1 are mapped to CDM group 0 and 1 respectively.
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE, flexible rank combination can be supported for eMBB by introducing more entries in DMRS table indicating different combinations of port numbers from 2 CDM groups.
Proposal 5: for supporting flexible rank combination in NC-JT for eMBB, Table 1~4 can be considered.
Table 1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1 (revised from Table 7.3.1.2.2-1 in 38.212)

	One Codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Remark

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

	0
	1
	0
	No change

	1
	1
	1
	

	2
	1
	0,1
	

	3
	2
	0
	

	4
	2
	1
	

	5
	2
	2
	

	6
	2
	3
	

	7
	2
	0,1
	

	8
	2
	2,3
	

	9
	2
	0-2 (2+1)
	

	10
	2
	0-3
	

	11
	2
	0,2
	

	12
	2
	0,2,3
	1+2
	New entry for flexible rank combination

	13-15
	Reserved
	Reserved
	


Table 2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2 (revised from Table 7.3.1.2.2-2 in 38.212)
	One Codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,

Codeword 1 enabled
	Remark

	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
	

	0
	1
	0
	1
	0
	2
	0-4
	2
	No change

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
	2
	

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

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
	2
	

	4
	2
	1
	1
	4-31
	reserved
	reserved
	reserved
	

	5
	2
	2
	1
	
	
	
	
	

	6
	2
	3
	1
	
	
	
	
	

	7
	2
	0,1
	1
	
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	
	

	9
	2
	0-2 (2+1)
	1
	
	
	
	
	

	10
	2
	0-3
	1
	
	
	
	
	

	11
	2
	0,2
	1
	
	
	
	
	

	12
	2
	0
	2
	
	
	
	
	

	13
	2
	1
	2
	
	
	
	
	

	14
	2
	2
	2
	
	
	
	
	

	15
	2
	3
	2
	
	
	
	
	

	16
	2
	4
	2
	
	
	
	
	

	17
	2
	5
	2
	
	
	
	
	

	18
	2
	6
	2
	
	
	
	
	

	19
	2
	7
	2
	
	
	
	
	

	20
	2
	0,1
	2
	
	
	
	
	

	21
	2
	2,3
	2
	
	
	
	
	

	22
	2
	4,5
	2
	
	
	
	
	

	23
	2
	6,7
	2
	
	
	
	
	

	24
	2
	0,4
	2
	
	
	
	
	

	25
	2
	2,6
	2
	
	
	
	
	

	26
	2
	0,1,4
	2
	
	
	
	
	

	27
	2
	2,3,6
	2
	
	
	
	
	

	28
	2
	0,1,4,5
	2
	
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	
	

	30
	2
	0,2,4,6
	2
	
	
	
	
	

	31
	2
	0,2,3
	1
	
	
	
	
	1+2
	New entry for flexible rank combination


Table 3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1 (revised from Table 7.3.1.2.2-3 in 38.212)
	One codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,

Codeword 1 enabled
	Remark

	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
	1
	0
	0
	3
	0-4
	No change

	1
	1
	1
	1
	3
	0-5
	

	2
	1
	0,1
	2-31
	reserved
	reserved
	

	3
	2
	0
	
	
	
	

	4
	2
	1
	
	
	
	

	5
	2
	2
	
	
	
	

	6
	2
	3
	
	
	
	

	7
	2
	0,1
	
	
	
	

	8
	2
	2,3
	
	
	
	

	9
	2
	0-2 (2+1)
	
	
	
	

	10
	2
	0-3
	
	
	
	

	11
	3
	0
	
	
	
	

	12
	3
	1
	
	
	
	

	13
	3
	2
	
	
	
	

	14
	3
	3
	
	
	
	

	15
	3
	4
	
	
	
	

	16
	3
	5
	
	
	
	

	17
	3
	0,1
	
	
	
	

	18
	3
	2,3
	
	
	
	

	19
	3
	4,5
	
	
	
	

	20
	3
	0-2
	
	
	
	

	21
	3
	3-5
	
	
	
	

	22
	3
	0-3
	
	
	
	

	23
	2
	0,2
	
	
	
	

	24
	2
	0,2,3
	
	
	
	1+2
	New entry for flexible rank combination

	25-31
	Reserved
	Reserved
	
	
	
	


Table 4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2 (revised from Table 7.3.1.2.2-4 in 38.212)
	One codeword:
Codeword 0 enabled,

Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,

Codeword 1 enabled
	Remark

	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
	

	0
	1
	0
	1
	0
	3
	0-4
	1
	No change

	1
	1
	1
	1
	1
	3
	0-5
	1
	

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
	2
	

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
	2
	

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

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

	6
	2
	3
	1
	6-63
	Reserved
	Reserved
	Reserved
	

	7
	2
	0,1
	1
	
	
	
	
	

	8
	2
	2,3
	1
	
	
	
	
	

	9
	2
	0-2 (2+1)
	1
	
	
	
	
	

	10
	2
	0-3
	1
	
	
	
	
	

	11
	3
	0
	1
	
	
	
	
	

	12
	3
	1
	1
	
	
	
	
	

	13
	3
	2
	1
	
	
	
	
	

	14
	3
	3
	1
	
	
	
	
	

	15
	3
	4
	1
	
	
	
	
	

	16
	3
	5
	1
	
	
	
	
	

	17
	3
	0,1
	1
	
	
	
	
	

	18
	3
	2,3
	1
	
	
	
	
	

	19
	3
	4,5
	1
	
	
	
	
	

	20
	3
	0-2
	1
	
	
	
	
	

	21
	3
	3-5
	1
	
	
	
	
	

	22
	3
	0-3
	1
	
	
	
	
	

	23
	2
	0,2
	1
	
	
	
	
	

	24
	3
	0
	2
	
	
	
	
	

	25
	3
	1
	2
	
	
	
	
	

	26
	3
	2
	2
	
	
	
	
	

	27
	3
	3
	2
	
	
	
	
	

	28
	3
	4
	2
	
	
	
	
	

	29
	3
	5
	2
	
	
	
	
	

	30
	3
	6
	2
	
	
	
	
	

	31
	3
	7
	2
	
	
	
	
	

	32
	3
	8
	2
	
	
	
	
	

	33
	3
	9
	2
	
	
	
	
	

	34
	3
	10
	2
	
	
	
	
	

	35
	3
	11
	2
	
	
	
	
	

	36
	3
	0,1
	2
	
	
	
	
	

	37
	3
	2,3
	2
	
	
	
	
	

	38
	3
	4,5
	2
	
	
	
	
	

	39
	3
	6,7
	2
	
	
	
	
	

	40
	3
	8,9
	2
	
	
	
	
	

	41
	3
	10,11
	2
	
	
	
	
	

	42
	3
	0,1,6
	2
	
	
	
	
	

	43
	3
	2,3,8
	2
	
	
	
	
	

	44
	3
	4,5,10
	2
	
	
	
	
	

	45
	3
	0,1,6,7
	2
	
	
	
	
	

	46
	3
	2,3,8,9
	2
	
	
	
	
	

	47
	3
	4,5,10,11
	2
	
	
	
	
	

	48
	1
	0
	2
	
	
	
	
	

	49
	1
	1
	2
	
	
	
	
	

	50
	1
	6
	2
	
	
	
	
	

	51
	1
	7
	2
	
	
	
	
	

	52
	1
	0,1
	2
	
	
	
	
	

	53
	1
	6,7
	2
	
	
	
	
	

	54
	2
	0,1
	2
	
	
	
	
	

	55
	2
	2,3
	2
	
	
	
	
	

	56
	2
	6,7
	2
	
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	
	

	58
	2
	0,2,3
	1
	
	
	
	
	1+2
	New entry for flexible rank combination

	59-63
	Reserved
	Reserved
	Reserved
	
	
	
	
	


2.2. Number of TCI codepoints 

The required number of TCI codepoints is related to the size of coordination cluster and the rule of mapping between TCI state and CDM group. 
For instance, if both DPS and NC-JT are to be used for the cluster with 3 TRPs, the required TCI codepoints are (0), (1), (2), (0,1), (0,2), (1,2). 3 bits are enough for TCI indication.
As suggested in some companies contributions [3][4],  considering the performance and complexity, the cluster size of 4 TRPs would be a suitable choice for NC-JT. In such a case, the required TCI codepoints are (0), (1), (2), (3), (0,1), (0,2), (0,3), (1,2), (1,3), (2,3). 4 bits are needed for TCI indication.

Proposal 6: depending on the cluster size, extension the number of TCI codepoints can be considered.
2.3. Default QCL reference 

In current spec., CORESET can be used as QCL reference for DMRS port(s). To be more specific, the following procedure for determining the QCL reference is defined in TS38.214:
· If the scheduling offset is less than threshold

· If TCI-presentinDCI = enabled, and if all the QCL types don’t include type D, follow DCI directly

· Else, UE uses TCI state of the CORESET with the lowest COREST-ID in the last slot where any CORESET exists 

· If the scheduling offset is greater than or equal to threshold

· If TCI-presentinDCI = enabled, use TCI in DCI

· If disabled, use TCI configured for the scheduling CORESET

Based on above statement, if CORESET is used as QCL reference for DMRS, as only one TCI state is configured for each CORESET, only single-TRP transmission can be supported. To address that issue, one potential solution is to configure up to 2 TCI states for each CORESET. For each CORESET, only one TCI state is used, while all the TCI states configured for the CORESET can be used for DMRS. 
Proposal 7: up to 2 TCI states can be activated for each CORESET, wherein only one TCI state is used for the CORESET, and both activated  TCI states can be used for PDSCH QCL assumption, if CORESET is used as QCL reference.

2.4. CSI feedback
For the case each PDCCH schedules a single PDSCH transmitted with one TRP/panel, i.e., NC-JT with multiple PDSCHs, current CSI framework can be reused. On the other hand, for the case one PDSCH is transmitted with multiple TRPs/panels, i.e., NC-JT with single PDSCH, the CSI feedback design could to be reconsidered. 

As more accurate inter-layer interference can be taken into account based on measurements of the channel properties from potentially coordinated TRPs/panels, joint CSI measurement among coordinated TRPs/panels would be beneficial to improve the estimation accuracy of channel quality and PMI/RI.  
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Figure 1: Example of CSI feedback supporting NC-JT

As shown in Figure 1, in that example, two CSI-RS resources are configured/indicated to the UE, where each resource is used to measure the channel of one of the TRPs/panels in NC-JT. By measuring the channel from multiple TRPs/panels jointly, the UE could report PMI/RI for each TRP/panel and feeds back CQI for each codeword with the assumption that NC-JT is conducted. In addition, other resources can still be used to measure interference and noise. 

Proposal 8: to support NC-JT with single PDSCH, joint CSI measurement among coordinated TRPs/panels should be considered. In addition, at least the following CSI feedback quantities need to be included:
· PMI/RI for each TRP/panel

· CQI for each codeword
3. Multi-PDCCH based multi-TRP/panel DL transmission
The following aspects regarding enhancements for multiple-PDCCH based design are discussed in this section:

· PDSCH scrambling sequence 

· rate matching

· dynamic BWP switching
· scheduling restriction
· UL ACK/NACK feedback

3.1 PDSCH enhancement
3.1.1  scrambling sequence 

For NC-JT case, a UE can receive multiple PDSCHs from coordinated TRPs based on multiple PDCCHs. In such case, multiple dataScramblingIdentityPDSCH can be configured to support the generation of different PDSCH scrambling sequences. 
As agreed in 98#, in case higher layer index per CORESET is configured, for multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
However, if the higher layer index per CORESET is not configured, or the same indices are configured for both CORESETs of the two PDSCHs, it’s still uncertain about how to associate the two scrambling IDs with scheduled PDSCHs. In such case, one simple solution could be to associate them based on CORESET ID. For example, the PDSCH with lower CORESET ID is associated with the first scrambling ID, while another PDSCH uses the second scrambling ID.
If dataScramblingIdentityPDSCH is not configured, the same rule is followed as in Rel-15. That is, 
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Proposal 9: in case the higher layer index per CORESET is not configured, or the same indices are configured for both CORESETs of the two PDSCHs, one simple solution could be to associate them based on CORESET ID. For example, the PDSCH with lower CORESET ID is associated with the first scrambling ID, while another PDSCH uses the second scrambling ID.

Proposal 10: if the scrambling ID is not configured, 
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for both PDSCHs from the coordinated TRPs.
3.1.2  Rate matching 
As multi-TRP/panel transmission based on multiple-PDCCH is considered to be more suitable for non-ideal backhaul case, dynamic coordination regarding resource allocation among coordinated TRPs/panels seems infeasible. Therefore, it’s more relevant to schedule each PDSCH independently. However, without any restriction to DMRS transmission, the interference between the DMRS ports from different TRPs/panels will lead to performance loss when the resources of two PDSCHs overlap. To avoid that, it’s agreed in #96 meeting that the UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for full/partially overlapped PDSCHs. 
Similarly, the interference between DMRS and data should also be avoided. That is, data REs colliding with DMRS transmission of other PDSCHs should be rate matched according to the indicated “number of DM-RS CDM groups without data” in DCI. 

Proposal 11: the data REs colliding with DMRS ports of other PDSCHs should be rate matched in multiple-PDCCH based multi-TRP transmission.

Regarding the enhancement of rate matching around CRS, the following agreement has been reached in RAN1 #98:
At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs

· Alt2: configured CRS patterns which are associated with a higher layer signalling 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.

Considering the fact that the transmission of PDSCH from one TRP may not necessarily interfere with the reception of CRS in the coverage of other TRPs, independent configuration of rate matching pattern for CRS per PDSCH is more reasonable and flexible. Furthermore, if CRS patterns from all the coordinated TRPs are to be rate matched in both PDSCHs, large overhead would be induced. Regardless of multiple or single-DCI based approaches, the requirement on avoidance of interference to CRS is the same for both cases. Therefore, the same level of flexibility in rate matching of CRS is desired for single-DCI case as well.

Proposal 12: independent rate matching of CRS, i.e., Alt.2, should be adopted. 
Proposal 13: strive for the same level of flexibility in rate matching of CRS for both multiple and single-DCI cases.
3.1.4  Scheduling restriction
In NC-JT with 2 PDSCHs, as discussed above, if both of them are type A mapping, some semi-static coordination mechanism can still be used to avoid collision of signals like DMRS. However, in case one or both of the PDSCHs are type B, it would be difficult to coordinate the transmission dynamically from two TRPs/panels with non-ideal backhaul.  Therefore, it’s more reasonable to focus the discussion on type A+A scheduling at this stage.

Proposal 14: it’s more reasonable to focus the discussion on type A+A scheduling at this stage.
3.2 PUCCH enhancement
3.2.1  Joint semi-static HARQ-ACK codebook
Regarding joint semi-static HARQ-ACK codebook among multiple TRPs, the following agreement has been reached in RAN1 #98:

In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 

· HARQ-ACK information bits are concatenated by the increasing order of

· PDSCH reception occasion index at first

· and then serving cell index

· and TRP (i.e. higher layer index configured per CORESET (if configured))

· FFS: Whether and how to specify UE behavior in case the higher layer index per CORESET is not configured.

For the FFS issue listed above, a simple solution is to order the A/N bits for different PDSCH according to their CORESET IDs. For example, as shown in Table 5, the A/N bit can be ordered in the following way:

In case higher layer index per CORESET is not configured, or the same higher layer index is configured for each CORESET, for joint semi-static HARQ-ACK codebook among M-TRP, HARQ-ACK information bits are concatenated by the increasing order of

· PDSCH reception occasion index at first

· and then serving cell index

· and CORESET ID
Table 5: One example of joint semi-static HARQ-ACK codebook 

	Carrier index
	CORESET
	Time span of codebook

	Carrier #0
	CORESET 3

（TRP 0）
	ACK
	ACK
	NACK
	NACK

	
	CORESET 4

（TRP 1）
	NACK
	NACK
	ACK
	NACK

	Carrier #1
	CORESET 3

（TRP 0）
	NACK
	ACK
	NACK
	ACK

	
	CORESET 4

（TRP 1）
	NACK
	NACK
	ACK
	NACK


Proposal 15: in case higher layer index per CORESET is not configured, or the same higher layer index is configured for each CORESET, for joint semi-static HARQ-ACK codebook among M-TRP, HARQ-ACK information bits are concatenated by the increasing order of

· PDSCH reception occasion index at first

· and then serving cell index

· and CORESET ID
3.2.2  Joint dynamic HARQ-ACK codebook
For joint dynamic HARQ-ACK codebook among M-TRP, it’s agreed to select one from following alternatives in RAN1#98bis

· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 

· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
As shown in example in Figure 2, the joint DAI indication (Alt. 1) explicitly indicates the order of received PDSCHs from the coordinated TRPs at Slot n. Based on that, the UE can generate the joint HARQ-ACK codebook for the PDSCHs. 
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Figure 2: One example of joint DAI indication 

In Alt 2, DAI counting is conducted per TRP. In such case, if all the DCIs of the first TRP are not detected correctly by UE in the last slots of the codebook time span, as the DAI is counted independently in each TRP, the UE can not be aware of such DCI missing through the reception of following DAI for the second TRP. Therefore, considering the robustness of DAI indication, joint DAI indication, i.e., Alt. 1 is preferred. 
Proposal 16: for the generation of dynamic joint HARQ-ACK codebook among M-TRP, DAI should be jointly counted in a PDCCH monitoring occasion across CCs and TRPs.
3.2.3  PUCCH resource grouping
With regarding to PUCCH resource group for M-DCI NCJT transmission, it’s agreed to down-select one of following options in RAN1 98bis

· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets

· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

For separate HARQ-ACK feedback with explicit PUCCH resource grouping, the same level of flexibility in PUCCH resource assignment can be achieved as in Rel-15. As for option 2, PUCCH resources are actually shared between the coordinated TRPs. If PRI field is still 3 bits, the PUCCH resources available for each TRP are reduced. 

Proposal 17: Configuring explicit PUCCH resource grouping is preferred. 

4. URLLC enhancement in multi-TRP/panel transmission
4.1. PDSCH enhancement
The main feasible schemes for URLLC scheduled by single PDCCH are clarified as follows,
· Scheme 1 (SDM): TCI states within the single slot are with overlapped time and frequency resource allocation.
· For scheme 1a, different sets of coded bits of the same RV are mapped across layers and then transmitted with different sets of DMRS port(s), and each set of DMRS port(s) are associated with one TCI state. At least from UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. The procedure is just the same as single-PDCCH based NC-JT. Therefore, scheme 1a has been agreed to naturally support the URLLC transmission, and no additional specification efforts are needed.
· For scheme 1b, coded bits with same or different RVs are transmitted with different groups of DMRS ports, and they are with overlapped time and frequency resource allocation. Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different with the repetition of data in spatial domain in this approach, the reliability can be enhanced with efficient utilization of time and frequency resources. On the other hand, the performance is also limited due to the inter-layer interference as scheme 1a.
· For scheme 1c, one transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one. If copies of the same data and DMRS are transmitted with different TCI state indices, the benefit of this approach over pure SFN seems not clear. If different DMRS port is used for each transmission occasion, it falls into a special case of scheme 1b.Scheme 2 (FDM): Each non-overlapped frequency resource allocation is associated with one TCI state and  same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations. Compared with SDM, FDM based approach occupies more resources in frequency domain. However, due to non-overlapped resource utilization for different transmission occasion, overall more reliable reception can be expected with scheme 2.
· For scheme 2a, different sets of coded bits of the same RV are mapped onto different sets of RBs and then transmitted with different set of DMRS port(s) , and each set of DMRS port(s) are associated with one TCI state. So, scheme 2a is more like FSTD over multiple TRPs/panels, and the diversity gain might be limited.
For scheme 2b, copies of the same data with same or different RVs are transmitted from different TRPs/panels over different sets of RBs. Compared with scheme 2a, higher reliability can be obtained. Scheme 2a/2b is assumed to have a better performance over scheme 1a/1b due to the inter-TRP interference free transmission.  Scheme 1a/2a has a lower coding rate, but scheme 2a/2b can have the combining gain of different RVs. Thus the performance is a tradeoff result between the coding gain and the combining gain of different RVs.  Compared to 1a/2a, more specification efforts are needed for scheme 1b/2b to enable the soft combining for the joint decoding at UE side, and this soft combining process is additional to HARQ soft combining, so the complexity at the UE side is increased.
· TDM schemes: scheme 3 (TDM repetition within single slot) and scheme 4 (TDM repetition within different slots)
· TCI states are associated with non-overlapped time resource allocation of different granularity. All transmission occasion (s) use a common MCS with same single or multiple DMRS port(s). RV/TCI state can be same or different among transmission occasions. TDM approach is a natural extension of existing mechanism, and can be viewed as a combination of time and spatial-domain repetition. TDM within single slot (scheme 3) is for reliability enhancement of mini-slot based transmission. Similar to scheme 2b, scheme 3 and 4 can be used for the scenarios with higher requirements on reliability and restrictive resource utilization in frequency domain. Scheme3 /4 have been adopted as transmission schemes for the URLLC transmission.
4.1.1 SDM schemes
It has been agreed that both scheme 2a and 2b are supported, and scheme 2b needs additional UE capability to achieve the CW soft combining. But it has not been decided whether to support scheme 1b. Similar to scheme 2b, scheme 1b can also enhance the performance in blockage scenarios which is not a corner case especially in FR2 and compared to FDM approach, it requires less resource allocation while maintains the reliability. So we suggest supporting scheme 1b as well.
Proposal 18: support scheme 1b same as for FDM 2b, especially in FR2.
Considering the new scenarios in Rel-16, such as factory automation, AR/VR, transport industry, much larger packet sizes are needed.  It has been agreed that up to 2-layer transmission are supported for FDM and TDM schemes, the support of transmission layers for SDM scheme is still unclear.

Since the inter-layer interference is a trade-off with the extra reliability gain from lower coding rate of 2 layer transmission, we suggest it is up to gNB implementation to keep the flexibility to choose the strategy to use more layers for transmission.  
Proposal 19: support up to 2-layer transmission for SDM transmission schemes.

4.1.2 TDM schemes
The following is the email discussion conclusion regarding TDM3 and TDM4 transmission schemes [98-NR-18]
	PDSCH repetition indication mechanism: 

· For indication on the number of transmission occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis 

· Option 1: It is dynamically indicated 

· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC

· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.

· Option 1-3: it is determined by the allocated PDSCH length L using pre-defined value (e.g. 2 for L =4 or 7,  2/4/6 for L = 2.  FFS: how to associate a predefined value of 2/4/6 with the starting symbol S)

· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.

· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 

· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions  

· FFS: whether/how X>1 to be supported  

· For above options, the symbol locations corresponding to different transmission occasions can be further discussed taking into account DL/UL switching. 

· For indication on the number of transmission occasions for scheme 4, select one of the following in RAN1#98bis 

· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.

· Option 2: By high-layer signaling following Rel-15 mechanism 




Here for TDM scheme, several issues need to be discussed first.

1) The indication of the number of the transmission occasions for TDM 3 and TDM 4

2) The mapping rule between the TCI state and the transmission occasions
3) Whether additional RV sequences such as {0,0,0,0} , {0,3,0,3},{0,3,2,1} should be used
4) Whether  the RV sequence is mapped per TRP or irrelevant of TCI state
Since all the repetitions are in the same slot as agreed for TDM 3, the performance is a trade-off between DMRS overhead and the coding rate. We also cannot see the additional diversity gain from more than 2 repetitions over all TCI states within a slot no matter what repetition length is. The TDRA indicated in the DCI applies to the first repetition, and the second repetition immediately follows the first repetition with the same length.  So option 2 is more reasonable and simpler to apply, but the performance of single TCI state may be poor and can be enhanced by applying two repetitions for 1 TCI state configuration too, which can enhance the reliability with using the same resources as two TCI states. 
Proposal 20: for indication on the number of transmission occasions for scheme 3, our preference is based on Option 2 as below.

· Option 4: It is fixed to 2 no matter what the number of TCI states indicated by a code point, whereas one TCI state means two repetitions and two states means one repetition per TCI state.

For TDM 4, we think the repetition number is more like a semi-static property from the URLLC service point of view. But the dynamic indication of the transmission occasions may bring some benefit from fast scheduling. By using PDSCH-TimeDomainResourceAllocation field, no additional overhead is introduced. 

Also, the maximum number of the transmission occasions should be specified. Considering the limited diversity gain from more than 8 repetitions and the latency requirements for URLLC, Kmax=8 would be sufficient which is the same as Rel-15.
Proposal 21: for indication on the number of transmission occasions for TDM 4, we are more preferred with option 1.

Proposal 22: the maximum number of transmission occasions for TDM 4 is 8, same as Rel-15.

For TDM schemes, it was  agreed that one TCI code point indicates up to 2 TCI states. The mapping rule between the TCI states and the transmission occasions (mini-slot/slot) are suggested below:
· Alt.1: higher layer signaling such as bitmap (length equals Kmax) to explicitly indicate the one by one mapping between TCI states and the transmission occasions. For e.g., the bitmap is (0101) for K=4 case, then the TCI state mapping pattern can be interpreted as {TCI state 0, TCI state 1, TCI state 0, TCI state 1} associated with 4 transmission occasions respectively. This can be RRC configured.

· Alt.2 (preferred): pre-defined mapping rule to implicitly allocate the transmission occasions between the 2 TCI states, options are as follows:

· Option1: the comb-like pattern for the TDRA, as the even numbered slot transmission among the K repetitions are transmitted with TCI state 0 and the odd numbered occasions are transmitted with TCI state 1
· Option 2: the comb-like pattern with two consecutive slots allocated for TCI state 0 and the next two consecutive mini-slots/slots allocated for TCI state 1 and cyclically within the K repetition occasions
· Option 3: the allocation with the former half of the K repetitions mapped to TCI state 0 and the latter half mapped to TCI state 1
Similar to the PRB bundling in FDM schemes, for TDM schemes, if the TCI states of mini-slot/slot are consecutively allocated, the configuration of time-domain bundling can be applied to enhance the channel estimation performance within the consecutive mini-slots/slots in each transmission occasion. 

Proposal 23: the mapping rule of the TCI state to the transmission occasions can be pre-defined with the following options.

· Option1: the comb-like pattern for the TDRA, as the even numbered slot transmission among the K repetitions are transmitted with TCI state 0 and the odd numbered occasions are transmitted with TCI state 1
· Option 2: the comb-like pattern with two consecutive slots allocated for TCI state 0 and the next two consecutive mini-slots/slots allocated for TCI state 1 and cyclically within the K repetition occasions
· Option 3: the allocation with the former half of the K repetitions mapped to TCI state 0 and the latter half mapped to TCI state 1
Proposal 24: for TDM schemes, time-domain bundling can be applied to enhance the channel estimation performance  within the consecutive mini-slots/slots in each transmission occasion of certain TCI state.
For the RV sequence, considering the fading and blockage impact may degrade the transmission performance of certain TRP seriously in a certain period of time, the design of the RV sequences should take self-decodable sequences into account despite the RV sequence, i.e.,{0, 2, 3, 1} in Rel-15 referred to table 5.1.2.1-2 in TS38.214. The sequences such as {0, 0, 0, 0} or {0, 3, 0, 3} can be considered. 
Proposal 25: support Rel-15 sequences at least, and additional RV sequences, such as {0,0,0,0} , {0,3,0,3},{0,3,2,1} can also be considered, and this can be configure by RRC signaling.

For TDM scheme, the RV sequence applied to a PDSCH can be:

· Alt.1: RV sequences applied to the UE are mapped per TRP

· Alt.2: RV sequences applied to the UE are mapped without restriction of specific orders in spec

RV sequence can be mapped either per TRP (alt.1) or only onto each transmission occasion (alt.2) without considering the mapping pattern of TCI states. The main difference is whether the self-decodable capabilities of each single TRP can be maintained. Here is an example shown below when K=8, RV sequence {0, 2, 3, 1}, TCI states is mapped in even-odd pattern to the according transmission occasions. 

Table 6: RV pattern mapping w/o per TRP (K=8, RV sequence {0, 2, 3, 1})

	Transmission occasions
	0
	1
	2
	3
	4
	5
	6
	7

	TCI state #n

(TRP index)
	TCI state 0
	TCI state 1
	TCI state 0
	TCI state 1
	TCI state 0
	TCI state 1
	TCI state 0
	TCI state 1

	RV mapping pattern1 (alt.1)
	0
	0
	2
	2
	3
	3
	1
	1

	RV mapping pattern2 (alt.2)
	0
	2
	3
	1
	0
	2
	3
	1


From the Table 6 above, RV sequence mapped per TRP as shown with RV mapping pattern 1 can be self-decodable for each TRP, so RV sequence is {0, 2, 3, 1} for TRP0 and TRP1. But RV pattern applying directly to the transmission occasions as shown in RV mapping pattern 2 results in different RV sequences for each TRP,  RV sequence is {0, 3, 0, 3} for TRP 0 (TCI state 0), RV sequence (in red) is {2,1,2,1} for TRP1 (TCI state 1), obviously the RV sequence applied for TRP1 is not self-decodable. This may cause consecutive decoding failure if TRP0 is in deep fading or serious blockage scenarios. This is due to unoptimistic RV sequence configuration and cannot meet the reliability requirements for URLLC. So RV mapped per TRP as Alt.1 can totally avoid such circumstances and is more preferred for TDM schemes.

RV sequence is of length 4, so when the repetition number K is more than 4, the RV sequence will map to the transmission occasions cyclically.

Proposal 26: RV sequence applied to the UE is mapped per TRP (TCI state) for TDM scheme.
RV sequences can be configured either same or different for each of the coordinated TRPs. Since multiple RV sequences are possible for multi-TRP based URLLC, such as {0, 2, 3, 1}, {0, 0, 0, 0}, {0, 3, 0, 3}, etc., it is better to configure the RV sequence via RRC signaling.  To maintain the flexibility of applying different RV sequence for different TRP transmission, it is suggested to allow up to 2 RV sequences configured for up to 2 TCI states.

Proposal 27: up to 2 RV sequences can be configured via RRC signaling to enable the RV mapping of up to 2 TCI states, the 2 RV sequences can be the same or different, the RV sequences configured from RRC can be considered as the basic RV sequences.

From the RV sequence in Rel-15 referred to table 5.1.2.1-2 in TS38.214, the RV sequence finally applied to PDSCH transmission can be different versions of basic RV sequence {0, 2, 3, 1} with different rv_offset indicated in DCI RV field. To maintain the flexibility as in Rel-15, different rv_offset can also be introduced to multi-TRP design. 

Then RV sequences can be indicated by three steps:

1) Higher-layer signaling of basic RV sequence 1 and RV sequence 2

2) DCI indication explicitly or implicitly of 2 rv_offset, i.e., rv_offset1, rv_offset2 associated with basic RV sequence 1 and RV sequence 2 respectively.

3) Mapping different RV sequences per TRP (TCI state)
One issue is that whether to use the same or different rv_offset to generate the RV sequences. An example is given in Table 7 below to show the benefit of using different rv_offset for each basic RV sequences. Both basic RV sequences for the 2 indicated TCI states are {0, 2, 3, 1}, TCI states are mapped to transmission occasion in even-odd pattern, and pattern1-1 is generated with the same rv_offset=1(rv_offset1=1, rv_offset2=1), so the RV sequence applied to both TRPs is {2, 3, 1, 0}, and Pattern1-2 is generated with different rv_offset(rv_offset1=1, rv_offset2=0), so the actual RV sequence applied to  TRP0 is{2, 3, 1, 0} and to TRP1is {0, 2, 3, 1}. The final RV pattern for K repetitions is {2, 2, 3, 3, 1, 1, 0, 0} for pattern1-1, and {2, 0, 3, 2, 1, 3, 0, 1} for pattern1-2. If UE can do the combining and the decoding for each transmission occasion in order to decode as soon as possible, then obviously pattern1-2 can have a much higher possibility of successfully decoding much faster. If decoding is to be done after all K occasions are received, then trivial difference exits in this case.  To maintain the flexibility for configuration and benefits for power saving from UE side, we suggest to configure different rv_offset for each basic RV sequence.

Table 7: RV pattern generated with same or different rv_offset mapping per TRP                                        (K=8, RV basic sequence {0, 2, 3, 1})

	Transmission occasions
	0
	1
	2
	3
	4
	5
	6
	7

	TCI state #n

(TRP index)
	TCI state 0
	TCI state 1
	TCI state 0
	TCI state 1
	TCI state 0
	TCI state 1
	TCI state 0
	TCI state 1

	RV mapping pattern1-1(alt.1) rv_offset1=1

rv_offset2=1
	2
	2
	3
	3
	1
	1
	0
	0

	RV mapping pattern1-2(alt.2)

rv_offset1=1

rv_offset2=0
	2
	0
	3
	2
	1
	3
	0
	1


Proposal 28: RV sequence per TRP (or TCI state) can be obtained with the offset value applied to each basic RV sequence. Up to 2 rv_offset can be indicated explicitly or implicitly in DCI.        
4.1.3 Differentiation/Switching among different transmission schemes for URLLC
For URLLC, an indication mechanism is needed to differentiate the applied transmission scheme among different transmission schemes. And the switching among the different transmission schemes is also beneficial， especially switching to the fall back scheme of single TRP transmission.

The comparisons of the configuration/indication difference among all transmission schemes are listed in Table 8.
Table 8: Comparison among different transmission schemes

	Transmission schemes for URLLC
	RV1
	RV2
	TCI states
	Mapping pattern
	Number of DMRS CDM groups
	Number of Repetition

	SDM-1a
	RV1
	/
	TCI state 0, TCI state 1
	RV1 ( TCI state 0

RV1 ( TCI state 1
	2
	/

	SDM-1b
	RV1
	RV2
	TCI state 0, TCI state 1
	RV1 ( TCI state 0

RV2 ( TCI state 1
	2
	/

	FDM-2a
	RV1
	/
	TCI state 0, TCI state 1
	RV1 ( TCI state 0

RV1 ( TCI state 1
	1
	/

	FDM-2b
	RV1
	RV2
	TCI state 0, TCI state 1
	RV1 ( TCI state 0

RV2 ( TCI state 1
	1
	/

	single TRP w/o repetition
	RV1
	/
	TCI state 0
	RV1 ( TCI state 0
	1
	/

	TDM 3
	RV1
	RV2
	TCI state 0, TCI state 1
	RV1 ( TCI state 0

RV2 ( TCI state 1
	1
	K1

	single TRP with intra-slot repetition
	RV1
	/
	TCI state 0
	RV1 ( TCI state 0
	1
	K1

	TDM 4
	RV_offset1
	RV_offset2
	TCI state 0, TCI state 1
	RV_offset1 ( TCI state 0

RV_offset2( TCI state 1
	1
	K2

	single TRP with inter-slot repetition
	RV_offset1
	/
	TCI state 1
	RV_offset1 ( TCI state 0
	1
	K2


Note : For scheme1b/2b/3, RV1  and RV2 can be the same or different. For scheme 4, RV_offset1 and RV_offset2 can the same or different.
To utilize the above differences, the following principles are suggested for the identification:

1)  The number of TCI states indicated by a TCI code point can be used to identify between the single TRP schemes and multi-TRP schemes. 
2)  RRC or RRC+MAC-CE signaling can be used to differentiate the specific scheme of multiplexing applied among the multi-TRP coordination
· Option 1: the combined configuration of K1 for TDM 3 and K2 for TDM 4 via RRC or RRC+MAC-CE signaling to indicate the scheme as SDM/FDM or TDM3 or TDM4, for example,

· If K1 and K2 are both not configured, the scheme should be SDM or FDM

· If K1 is given, and K2 is not configured, the scheme is TDM3, and vice versa for TDM 4
· Option 2: RRC signaling to directly indicate the applied scheme as either one of SDM/FDM or TDM3 or TDM4
3) DMRS port allocation can be used to further identify between SDM and FDM schemes.

· If two DMRS CDM groups are allocated, the scheme applied is SDM 
· If one DMRS CDM group is allocated, the scheme is FDM

4) RV indication can be used to differentiate between scheme a and b for SDM/FDM schemes,
· If single RV or RV_offset is indicated, the applied scheme is either SDM 1a or FDM 2a

· If multi RV or RV_offset are indicated, the scheme is either SDM 1b or FDM 2b
From the above, the following switching capability can be achieved, 
· the switching between SDM/FDM and TDM is semi-static, which makes sense because different UE capability requirements are needed for SDM/FDM and TDM schemes, and also the fall back behavior for single TRP transmission scheme is different for SDM/FDM(single-shot scheduling) and TDM (multi-shot scheduling for TDM3&4)

· the switching between TDM3 and TDM4 is semi-static, mainly up to the latency requirement and the delay budget which can be determined at the service level

· the switching between SDM and FDM is dynamic via DMRS port allocation

· the switching between single TRP  and multi-TRP schemes is dynamic via the TCI state allocation

· the switching between scheme a and scheme b is dynamic via RV indication

Now the RV indication method is still an left issue, it is up to implementation that how RV and TCI state are used alone or together to help achieve the differentiation among schemes. 
For SDM/FDM/TDM3, the RVs to apply on each TRP should be configured. But for TDM 4 as described in Section 4.1.1, RV sequence offset values as RV_offset1 and RV_offset2 should be configured. And the RVs or RV sequences should perform the one-to-one mapping with TCI state as shown in Table 8 above.
For the RV indication, a unified method needs to be applied to all schemes. The following methods are suggested for discussion,
Option 1:  The current RV field indicates the RV1 or RV_offset1 for TCI state 0, and the RV with an offset can be applied for TCI state 1 as RV2 or RV_offset2.  The parameter offset needs to be pre-defined in spec or RRC configured.  

The drawbacks of this simple solution is the loss of the configuration flexibility of RV sequence,  which means if the offset is pre-defined or higher layer signaled, for e.g.,  RV equals 0, offset is defined as 2, then the RV sequence to be applied to TRPs is fixed to {0, 2}.  But in fact it is hard to determine the most optimistic RV sequence to apply to  all scenarios, for e.g, at least RV sequence{0, 0} is more suitable when the one TRP has a high possibility to be blocked during transmission. So a fixed RV combination cannot support the dynamic RV sequence configuration between transmissions of either same or different RVs for the 2 TRPs in scheme b or TDM schemes.
Option 2: RV code point can be introduced to solve the problem. The RV code point can be pre-determined by network or pre-defined in spec, which may contain all the possible combinations the network expects to apply for a dynamic RV configuration. This can be applied to all schemes which can identify the single RV schemes (single TRP scheme and schemes of SDM1a/FDM2a) and the multi-RV schemes (SDM1b/FDM2b/TDM3/TDM4)

Two examples are given as RV code point configurations in Table 9 and Table 10. As in Table 9, RV index 0-3 are kept for single TRP scheme and schemes of SDM1a/FDM2a, and other RV indices are configured as either the same or different RVs for two TCI state. For TDM 4, this RV value means RV_offset combinations for the two TCI state.  In this case, the current DCI field need to be modified and more bit(s) are needed. Table 10 is a simplified version of Table 9, the current info field size for RV indication is kept with less combinations.
Table 9: RV combinations for URLLC

	RV index
	RV1/RV_offset1
	RV2/RV_offset2

	0
	0
	NAN

	1
	1
	NAN

	2
	2
	NAN

	3
	3
	NAN

	4
	0
	0

	5
	0
	1

	6
	0
	2

	7
	0
	3

	8
	1
	0

	9
	2
	0

	10
	3
	0

	11
	3
	3

	…
	…
	…

	15
	RESERVED
	RESERVED


Table 10: RV Combinations for URLLC
	RV index
	RV1
	RV2

	0
	0
	NAN

	1
	0
	0

	2
	0
	2

	3
	0
	3


Proposal 29:  the following principles are suggested for the identification:

· the number of TCI states indicated by a TCI code point can be used to identify between the single TRP schemes and multi-TRP schemes. 

· RRC or RRC+MAC-CE signaling can be used to differentiate the specific scheme of multiplexing applied among the multi-TRP coordination
· Option 1: the combined configuration of K1 for TDM 3 and K2 for TDM 4 via RRC or RRC+MAC-CE signaling to indicate the scheme as SDM/FDM or TDM3 or TDM4
· Option 2: RRC signaling to directly indicate the applied scheme as either one of SDM/FDM or TDM3 or TDM4

· DMRS port allocation can be used to further identify between SDM and FDM schemes

· RV indication can be used to differentiate between scheme a and b for SDM/FDM multiplexing schemes

Proposal 30: the RVs or RV sequences should perform the one-to-one mapping with TCI state.

Proposal 31: for the RV indication, the following methods are suggested, our preference is option 2.
· Option 1:  the current RV field indicates the RV1 or RV_offset1 for TCI state 0, and the RV with an offset can be applied for TCI state 1 as RV2 or RV_offset2.  The offset needs to be pre-defined in spec or RRC configured.

· Option 2: RV code point can be used. The RV code point can be pre-determined by network or pre-defined in spec, which may contain all the possible combinations the network expects to apply for a RV configuration.
4.1.4 Combination schemes
The combined transmission schemes should also be considered which can get full flexibility and enhance the reliability of the transmission. From the system point of view, the combination schemes can also simplify the signaling and make the transmission more efficient for certain scenarios. Since SDM/FDM/TDM schemes have already been adopted for multi-TRP based transmissions, it is natural to adopt SDM/FDM with TDM. Other schemes may also be considered. 
Proposal 32: combined transmission schemes, such as FDM+TDM and SDM+TDM, can be considered for URLLC. 
4.2. PDCCH enhancement 

For the PDCCH reliable transmission from the multiple TRPs, one simple solution is the repetition of PDCCH from multiple TRPs either in time domain or frequency domain. Then UE can get the multiple copies from different TRPs. In this case, the UE needs to monitor different PDCCH candidates with different QCL association. Following Rel-15 PDCCH configuration, each CORESET corresponds to one specific TCI indication. In multi-TRP case, it is natural to link one CORESET to one TRP. However, if the TRP number is large, then the CORESET number is one bottleneck, because current CORESET number is limited to 3 in one BWP. In this case, extending CORESET number in one BWP could be one way to resolve it. Another issue is how to reduce the PDCCH detection complexity. It’s also noted that supporting of simultaneous reception of multiple PDCCHs would induce significant increase of complexity.  Anyway, the SFN-type of transmission where a PDCCH is virtualized and transmitted from all the TRPs in the same slot is supported in current spec. In such case the QCL assumption is fixed.
Proposal 33:  consider repetition transmission schemes for PDCCH. The baseline scheme can be SFN based transmission from multiple TRPs with single TCI state supported in Rel-15.
4.3. PUSCH enhancement 

Similar as DL PDSCH enhancement, when gNB is configured with multiple TRPs, UE can transmit different PUSCH in different slot or different symbols targeted to different TRP to improve UL transmission reliability. In Rel-15, PUSCH repetition has been supported for grant based transmission and configured grant transmission; therefore, applying the PUSCH repetition crossing multiple TRP is straightforward. 

In case of signalling indication, for single PUSCH transmission, SRI is used to indicate the UL beam or precoder information. For multi-slot PUSCH repetition in multi-TRP case, optimally, each PUSCH should be indicated with the SRI information to get dynamic beam matching. However, for multi-slot repetition, it is difficult to assign the SRI for each TRP-specific transmission in DCI due to the limited DCI bits, no matter for grant-based scheduling or configured grant scheduling. Then how to indicate the SRI would be one problem for configured grant transmission or grant based multi-slot repetition. In UL multi-TRP reception, it’s possible to use joint reception for multiple TRPs in ideal backhaul case, though it might be implementation specific. But with this joint reception, accurate SRI indication is not so critical. Another phenomenon is UL beam changed in different TRPs, which causes it difficult to configure accurate UL beam direction in the targeted TRP. Overall, we think a RRC predefined SRI indication is desirable, which might be SRI cyclic or specific TRP configuration.

Additionally, RV index is needed to configure in each transmission. Basically, simple RV cycle or fixed RV sequence could be enough since this issue has been discussed extensively in Rel-15 configured grant configuration. 

Proposal 34: support PUSCH slot level repetition over multiple TRPs with RRC indicated SRI and RV pattern.

4.4. PUCCH enhancement
For PUCCH transmission, Rel-15 has supported multi-slot PUCCH repetition for reliability improvement. In case of multi-TRP scenario, TRP switching based repetition may provide additional diversity gain. Hence, in Rel-16, one enhancement could be allowing UE to transmit different beam in different slot, where each beam is corresponding to one specific TRP. For RRC parameter Spatialrelationinfo, it will not refer to one beam index, but refer to one beam set. For PUCCH resource allocation, it is same as Rel-15, in which different repetition will use same resource, only spatial relation switched. Regarding the beam change after RRC configuration, reusing MAC CE Indication as in Rel-15 can be considered.

Proposal 35: support PUCCH repetition with spatial relation switching. 
5. Conclusions

In this contribution we provide our views on some aspects need to be considered for supporting single-PDCCH and multi-PDCCH based multi-TRP/panel transmission in Rel-16. Based on the discussion above, we have the following observations and proposals:
Observation 1: for rank greater than 1 in all the four DMRS tables in current spec., allocations of DMRS ports across CDM groups are already supported.

Proposal 1: it’s not necessary to support the allocation of DMRS ports across CDM groups for all the numbers of front-load DMRS symbol. In the other word, for each rank greater than 1, if at least one entry in the DMRS table can support DMRS ports allocation across CDM groups, no additional entries are needed for supporting NC-JT.
Proposal 2: from DMRS port allocation perspective, to support URLLC transmission, no addition entries are needed in DMRS table.

Proposal 3: eMBB and URLLC can be supported with different mapping rules between TCI state and CDM group/resource. 
Proposal 4: the following mapping rules depending on the configured transmission scheme can be considered.

· For the case 1 TCI state is indicated and 1, 2 or 3 CDM groups are allocated for the UE, that TCI state is mapped to all the CDM groups.

· For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, 
· For FDM and TDM, in each resource allocation/time-domain transmission occasion, one of the TCI states is mapped to the allocated CDM group for that UE. 
· For eMBB, only one predefined TCI state is used. 
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE, in eMBB and SDM transmissions, TCI state 0 and 1 are mapped to CDM group 0 and 1 respectively.
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE, flexible rank combination can be supported for eMBB by introducing more entries in DMRS table indicating different combinations of port numbers from 2 CDM groups.
Proposal 5: for supporting flexible rank combination in NC-JT for eMBB, Table 1~4 can be considered.
Proposal 6: depending on the cluster size, extension the number of TCI codepoints can be considered.
Proposal 7: up to 2 TCI states can be activated for each CORESET, wherein only one TCI state is used for the CORESET, and both activated  TCI states can be used for PDSCH QCL assumption, if CORESET is used as QCL reference.

Proposal 8: to support NC-JT with single PDSCH, joint CSI measurement among coordinated TRPs/panels should be considered. In addition, at least the following CSI feedback quantities need to be included:
· PMI/RI for each TRP/panel

· CQI for each codeword
Proposal 9: in case the higher layer index per CORESET is not configured, or the same indices are configured for both CORESETs of the two PDSCHs, one simple solution could be to associate them based on CORESET ID. For example, the PDSCH with lower CORESET ID is associated with the first scrambling ID, while another PDSCH uses the second scrambling ID.

Proposal 10: if the scrambling ID is not configured, 
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for both PDSCHs from the coordinated TRPs.
Proposal 11: the data REs colliding with DMRS ports of other PDSCHs should be rate matched in multiple-PDCCH based multi-TRP transmission.

Proposal 12: independent rate matching of CRS, i.e., Alt.2, should be adopted. 

Proposal 13: strive for the same level of flexibility in rate matching of CRS for both multiple and single-DCI cases.
Proposal 14: it’s more reasonable to focus the discussion on type A+A scheduling at this stage.
Proposal 15: in case higher layer index per CORESET is not configured, or the same higher layer index is configured for each CORESET, for joint semi-static HARQ-ACK codebook among M-TRP, HARQ-ACK information bits are concatenated by the increasing order of

· PDSCH reception occasion index at first

· and then serving cell index

· and CORESET ID
Proposal 16: for the generation of dynamic joint HARQ-ACK codebook among M-TRP, DAI should be jointly counted in a PDCCH monitoring occasion across CCs and TRPs.
Proposal 17: Configuring explicit PUCCH resource grouping is preferred. 

Proposal 18: support scheme 1b same as for FDM 2b, especially in FR2.
Proposal 19: support up to 2-layer transmission for SDM transmission schemes.

Proposal 20: for indication on the number of transmission occasions for scheme 3, our preference is based on Option 2 as below.

· Option 4: It is fixed to 2 no matter what the number of TCI states indicated by a code point, whereas one TCI state means two repetitions and two states means one repetition per TCI state.

Proposal 21: for indication on the number of transmission occasions for TDM 4, we are more preferred with option 1.

Proposal 22: the maximum number of transmission occasions for TDM 4 is 8, same as Rel-15.

Proposal 23: the mapping rule of the TCI state to the transmission occasions can be pre-defined with the following options.

· Option1: the comb-like pattern for the TDRA, as the even numbered slot transmission among the K repetitions are transmitted with TCI state 0 and the odd numbered occasions are transmitted with TCI state 1

· Option 2: the comb-like pattern with two consecutive slots allocated for TCI state 0 and the next two consecutive mini-slots/slots allocated for TCI state 1 and cyclically within the K repetition occasions
· Option 3: the allocation with the former half of the K repetitions mapped to TCI state 0 and the latter half mapped to TCI state 1

Proposal 24: for TDM schemes, time-domain bundling can be applied to enhance the channel estimation performance  within the consecutive mini-slots/slots in each transmission occasion of certain TCI state.
Proposal 25: support Rel-15 sequences at least, and additional RV sequences, such as {0,0,0,0} , {0,3,0,3},{0,3,2,1} can also be considered, and this can be configure by RRC signaling.

Proposal 26: RV sequence applied to the UE is mapped per TRP (TCI state) for TDM scheme.
Proposal 27: up to 2 RV sequences can be configured via RRC signaling to enable the RV mapping of up to 2 TCI states, the 2 RV sequences can be the same or different, the RV sequences configured from RRC can be considered as the basic RV sequences.
Proposal 28: RV sequence per TRP (or TCI state) can be obtained with the offset value applied to each basic RV sequence. Up to 2 rv_offset can be indicated explicitly or implicitly in DCI.      
Proposal 29:  the following principles are suggested for the identification:

· the number of TCI states indicated by a TCI code point can be used to identify between the single TRP schemes and multi-TRP schemes. 

· RRC or RRC+MAC-CE signaling can be used to differentiate the specific scheme of multiplexing applied among the multi-TRP coordination
· Option 1: the combined configuration of K1 for TDM 3 and K2 for TDM 4 via RRC or RRC+MAC-CE signaling to indicate the scheme as SDM/FDM or TDM3 or TDM4
· Option 2: RRC signaling to directly indicate the applied scheme as either one of SDM/FDM or TDM3 or TDM4

· DMRS port allocation can be used to further identify between SDM and FDM schemes

· RV indication can be used to differentiate between scheme a and b for SDM/FDM multiplexing schemes

Proposal 30: the RVs or RV sequences should perform the one-to-one mapping with TCI state.

Proposal 31: for the RV indication, the following methods are suggested, our preference is option 2.
· Option 1:  the current RV field indicates the RV1 or RV_offset1 for TCI state 0, and the RV with an offset can be applied for TCI state 1 as RV2 or RV_offset2.  The offset needs to be pre-defined in spec or RRC configured.

· Option 2: RV code point can be used. The RV code point can be pre-determined by network or pre-defined in spec, which may contain all the possible combinations the network expects to apply for a RV configuration.
Proposal 32: combined transmission schemes, such as FDM+TDM and SDM+TDM, can be considered for URLLC. 

Proposal 33:  consider repetition transmission schemes for PDCCH. The baseline scheme can be SFN based transmission from multiple TRPs with single TCI state supported in Rel-15.
Proposal 34: support PUSCH slot level repetition over multiple TRPs with RRC indicated SRI and RV pattern.

Proposal 35: support PUCCH repetition with spatial relation switching. 
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