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1. Introduction
The enhancements identified for NR MIMO in Rel-16 are as follows [1]. 

· Enhancements on multi-TRP/panel transmission including improved reliability y 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 this contribution, we provide our views on some of remaining issues 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 
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 is 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 states and CDM groups for eMBB and URLLC transmissions 
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. 
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. 
· The case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE applies to eMBB and SDM only.
2.1.3 Flexible rank combination

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.
Proposal 5: for supporting both eMBB with flexible rank combination and URLLC transmission schemes, Table 1~4 can be used.
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+2)
	1
	
	
	
	
	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+2)
	1
	
	
	
	
	New entry for flexible rank combination

	59-63
	Reserved
	Reserved
	Reserved
	
	
	
	
	


2.2. 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 6: 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
3.1 PDSCH enhancement
3.1.1  scrambling sequence 

For multi-PDCCH based NC-JT, multiple dataScramblingIdentityPDSCH can be configured to support the generation of different PDSCH scrambling sequences. 
As agreed in RAN1#98, in case higher layer index per CORESET is configured and 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 7: 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 8: if the scrambling ID is not configured, 
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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 RAN1#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 9: the data REs colliding with DMRS ports of other PDSCHs should be rate matched in multiple-PDCCH based multi-TRP transmission.

3.1.3  Scheduling restriction
In NC-JT with 2 PDSCHs, 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 and avoid inter-TRP collisions of DMRS and DMRS or DMRS and data REs from two TRPs/panels with non-ideal backhaul. Therefore, it’s more reasonable to focus on type A+A scheduling in Rel-16.

Proposal 10: it’s more reasonable to focus on PDSCH mapping type A+A scheduling in Rel-16.
3.1.4  Default QCL for PDSCH
In Rel-15, default QCL of PDSCH is defined for the case when scheduling offset is less than the threshold. For M-DCI case, similar approach can be reused. However, the default QCL should be determined per TRP. That is, when the time offset between the reception of the PDSCH and the corresponding DL DCI is less than a threshold, the UE assumes that the DM-RS ports of PDSCH are QCL-ed with the RS(s) in the TCI state of the CORESET with the same value of HigherLayerIndexPerCORESET and the lowest CORESET-ID in the latest slot. 

Proposal 11: for multi-DCI based multi-TRP, when the time offset between the reception of the PDSCH and the corresponding DL DCI is less than a threshold, the UE assumes that the DM-RS ports of PDSCH are QCL-ed with the RS(s) in the TCI state of the CORESET with the same value of HigherLayerIndexPerCORESET and the lowest CORESET-ID in the latest slot.

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 agreements have 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 ascending 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 12: in case higher layer index per CORESET is not configured, or the same value of 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 ascending 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#98:
· 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 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 the 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. However, such issue can be avoided in Alt 1. Therefore, considering the robustness of DAI indication, joint DAI indication, i.e., Alt. 1 is preferred.  

Proposal 13: for the generation of dynamic joint HARQ-ACK codebook among M-TRP, DAI should be jointly counted in a PDCCH monitoring occasions across CCs and TRPs.
4. URLLC enhancement in multi-TRP/panel transmission
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. 
· 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. 
· 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.
· For scheme 2b, copies of the same data with same or different RVs are transmitted from different TRPs/panels over different sets of RBs. 
· 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 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 1a, scheme 3 and 4 can be used for the scenarios with higher requirements on reliability and restrictive resource utilization in frequency domain. 
In this section, there are still some left issues need to be discussed for FDM and TDM schemes.
4.1. Number of repetition for TDM 4
In #98bis, the following has been agreed regarding TDM4 transmission schemes on this issue:
	Agreement
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 

· The maximum number of repetition is FFS.

Agreement
For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.


· Maximum number of repetitions
In Rel-15, the maximum repetition number for slot aggregation transmission is 8 which is for single TRP cases. Now when considering the multi-TRP scenarios, this repetition number should be carefully considered not to introduce performance degradation. When one TRP-UE link is in deep fading or blockage scenarios, then half of the transmission occasions may contribute poorly to the combining gain. And some nominal repetition(s) may be dropped also when collision happens. When all these happens in one PDSCH transmission, retransmission may be triggered which is not preferred  in URLLC traffic service for latency sensitive services. So we would like to suggest an expansion of the maximum value to an more reliable transmission in certain scenarios.

Proposal 14: the maximum repetition number for scheme 4 should be expanded to 16 to maintain the performance level for certain scenarios.

· Signaling of repetition number for the fallback to single TRP

It has been agreed that the repetition number of each PDSCH transmission for scheme 4 is dynamically indicated in TD-RA field. Thus scheduling benefits can be obtained by this dynamic indication mechanism. One thing still needs to clarify is that which signaling of the repetition number should be referred to when the transmission falls back to single TRP transmission. 

Two choices are possible for a fallback mode as below:
· Option 1: Rel-15 RRC signaling configured with  pdsch-AggregationFactor
· Option 2: Rel-16 DCI signaling by using PDSCH-TimeDomainResourceAllocation field
Our preference is Option 2, because dynamic indication and scheduling of the repetition number can still bring benefits in single TRP scenarios, which does not bring much cost for a Rel-16 UE as well.

Proposal 15: scheme 4 can be indicated by the same dynamic DCI signaling in TD-RA field when falls back to single TRP transmission.
4.2. Gap between repetitions for TDM 3 
In #98bis, the following has been agreed regarding TDM3 transmission schemes on this issue:
	Agreement
· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 

· The starting symbol and length of the first transmission occasion is indicated by SLIV. 

· The length of the second transmission occasion is the same with the first transmission occasion.

· Exact candidate value of K can be decided in RAN1#99

· FFS: Any restrictions on the possible value pairs for K and SLIV


The TD-RA for scheme 3 has been agreed to introduce a gap between repetitions which is configurable by higher layers. Obviously there can be no gap allocated, but the gap can also be considered to be left for many reasons. 
One of the main reasons is to avoid the transmission of TRS. The symbol offset between the allocated two symbols of TRS is always 4, the allocation of PDSCH repetition within the slot for TDM 3 to avoid the TRS symbols should be carefully scheduled by the network. An example of typical PDSCH allocations according to the TRS symbol allocation of 
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 is given in Fig.3(a)-(g). We can see that the location of TRS have great limitation when the PDSCH allocation length equals 4. The impact on the PDSCH allocations of other TRS allocations is similar. So from this, we can get the typical values of the symbol gap between repetitions when considering TRS are {0, 1, 2, 3, 4,5,6}.
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Figure 3.  PDSCH allocations with TRS existing
Furthermore when we consider the current slot formats, limitations also exists for the PDSCH symbol allocations of these two repetitions when there is a DL/UL switching point within the slot as shown in Table 6.  And the highlighted items should be considered about the range of the symbol gap between repetitions. And we can see that the typical gap is 5 also with an exception of slot format 55, for which the gap is 6 symbols.
Table 6. Slot formats with UL/DL switching point
	                                                                Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	46
	D
	D
	D
	D
	D
	F
	U
	D
	D
	D
	D
	D
	F
	U

	47
	D
	D
	F
	U
	U
	U
	U
	D
	D
	F
	U
	U
	U
	U

	48
	D
	F
	U
	U
	U
	U
	U
	D
	F
	U
	U
	U
	U
	U

	49
	D
	D
	D
	D
	F
	F
	U
	D
	D
	D
	D
	F
	F
	U

	50
	D
	D
	F
	F
	U
	U
	U
	D
	D
	F
	F
	U
	U
	U

	51
	D
	F
	F
	U
	U
	U
	U
	D
	F
	F
	U
	U
	U
	U

	52
	D
	F
	F
	F
	F
	F
	U
	D
	F
	F
	F
	F
	F
	U

	53
	D
	D
	F
	F
	F
	F
	U
	D
	D
	F
	F
	F
	F
	U

	54
	F
	F
	F
	F
	F
	F
	F
	D
	D
	D
	D
	D
	D
	D

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D


So from the above analysis, we suggest the range of the symbol gap between PDSCH repetitions as 0 to 6 symbols, where the value 0 means no gap between two transmission occasions.
Proposal 16: the candidate value range of the gap K between repetitions for scheme 3 can be set from 0 to 6 symbols.
4.3. Collision handling with SFI changes

In Rel-15, the collision handling for slot aggregation is to drop the repetition when it conflicts with the UL symbols. It has been agreed that this kind of dropping would be avoided by the network for scheme 3, because only one slot scheduling can be easily guaranteed by the network. But this can be hardly avoided for multi-slot allocation as scheme 4 when SFI flexibly changes in NR, so the collision handling mechanism should also be clarified. Considering the spec effort and time limits by now, we think the simple and efficient mechanism same as Rel-15 can also be introduced which is more preferable rather than rate matching or puncturing of the conflicted transmission occasions for URLLC traffic. This ‘nominal’ repetition dropping should not influence TCI state and RV mapping mechanism, an example has been illustrated in Fig. 4 as below.
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Figure. 4 dropping mechanism of the conflicted repetitions
Proposal 17: dropping can be performed for the conflicted repetitions for a PDSCH transmission  in scheme 4 as Rel-15.

Proposal 18: dropping of the conflicted transmission occasions should not affect the mechanism of TCI state and RV mapping.

4.4. Time-domain bundling for TDM 4
In #98bis, the following has been agreed regarding TDM4 transmission schemes on TCI mapping issue:
	Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 

· Both options 1 and 2 are supported and switched by RRC signalling

· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated

· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated

· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)

· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold

· FFS: Whether both or one of the options is UE optional or not


It has been agreed that both option 1 and 2 of TCI mapping mechanisms are supported. For option 2, the joint channel estimation between the two slots of the same TCI state can be naturally supported which can bring benefits for many scenarios. So time bundling can be introduced from transmitter side to ensure the channel interpolation at UE side.
Proposal 19: same pre-coding should be applied among transmissions on the consecutive time-domain resources associated with the same TCI state.

4.5. Differentiation/dynamic switching among schemes and RV indication
The following has been agreed regarding differentiation and dynamic switching  in RAN1#98bis:

	Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 

· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 
· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion


The following has been agreed regarding RV indication of different schemes in RAN1#98bis:
	Agreement
For single-DCI based M-TRP URLLC scheme 2b

· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 

· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)

Agreement
For single-DCI based M-TRP URLLC scheme 4, RVid indicated by the DCI is used to select a RV sequence to be applied to transmission occasions

· whereas RV sequences are the same with Table 5.1.2.1-2 in Rel-15 NR
Agreement
For single-DCI based M-TRP URLLC scheme 4, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is RRC configured.


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 the dynamic switching to the fallback mode of single TRP transmission.

The comparisons of the configuration/indication difference among all transmission schemes are listed in Table 7.
Table 7: Comparison among different transmission schemes

	Transmission schemes for URLLC
	RV
	TCI states
	Mapping pattern
	Number of DMRS CDM groups
	Number of Repetition
	Symbol gap for TDM3

	SDM-1a
	RV1
	/
	TCI state 0, TCI state 1
	RV1 ( TCI state 0 & 1
	2
	/
	/

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

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

RV2 ( TCI state 1
	1
	/
	/

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

RV2 ( TCI state 1
	1
	2
	K

	single TRP 
	RV1
	/
	TCI state 0
	RV ( TCI state 0
	1
	1
	/

	TDM 4
	RV sequence 1
	RV sequence 2=RV sequence 1+offset
	TCI state 0, TCI state 1
	RV sequence 1 ( TCI state 0

RV sequence 2( TCI state 1
	1
	M
	/

	single TRP with inter-slot repetition
	RV1
	/
	TCI state 0
	RV1 ( TCI state 0
	1
	M
	/


Based on the agreements up to now, the following differentiation/switching can be achieved: 

1) Fallback to single TRP transmission can be dynamically switched by one TCI state indicated in a TCI code point;

2) SDM  scheme (both eMBB and URLLC scheme 1a) and other URLLC schemes can be identified by DMRS port allocation, i.e., the number of CDM groups; 
3) Scheme 4 can be identified by the indication of the repetition number in DCI;
The question is how to identify among schemes 2a/2b/3 in case the symbol offset K is not configured,  it has been agreed that an RRC parameter is introduced for the explicit indication with two options to our understanding.

· Option 1: enable the indication of one of the schemes: FDM2a / FDM2b / TDM3

· Option 2: enable the indication of one of the schemes: FDM (either 2a or 2b) /TDM3 

So the key difference between these two options is whether  and how the dynamic switching between FDM 2a and 2b can be achieved.

Several methods have been discussed or mentioned by companies, such as using a new DCI field, using different CDM groups (e.g. ,separate allocation of CDM group #0 for 2a and #1 for 2b), and maybe using a MCS threshold to differentiate implicitly.  But obviously all of these schemes have great limitations or drawbacks.

Here we suggest to use the RV indication method to differentiate between scheme 2a and 2b. It has been decided to use four pre-defined RV sequences (RV1 for TCI state0 and RV2 for TCI state1) to support the RV code point indication.

The RV sequences are suggested as Table.8 below:

Table 8: RV Combinations 
	RV index
	RV1
	RV2

	0
	0
	NAN

	1
	0
	0

	2
	0
	2

	3
	1
	3


RV0 contains only one RV value which can be applied for scheme 2a, which needs to be self-decodable for the initial transmission and RV=0 should be the best choice and can be fixed for scheme 2a. One may argue that it has drawbacks for the retransmission scenarios, we think it is okay for the retransmissions to use a fixed RV=0  for simplicity, or to select the RVs sequentially from a pre-defined RV sequence such as RV sequence {0, 2, 3, 1} to achieve a better combining gain. This little lack of flexibility is acceptable comparing to the benefits it brings for the dynamic switching between 2a and 2b.  

RV1-3 can be used for scheme 2b. RV1(0,0)  can be used for initial transmission when the fading /blockage possibilities of  the two TRPs are very different, in this case self-decodable capabilities should be considered with a higher priority. RV2(0,2) can be used for the initial transmission when the channel status for fading/blockage of the two TRPs are comparable, and RV3(1,3) can be used for retransmission , together with RV2 as initial transmission, the combined RV sequence {0,2,1,3} can provide the best combining gain for two TRPs and also the sequential transmissions to get RV sequence {2,3} for TCI state1 also provide the self-decodability for the second TRP. RV3(1,3) can also be used for initial transmission to give the self-decodability  to the second TRP to save TCI code point.
From RV indication, 2a and 2b can be dynamically switched with low performance cost and flexibility limitation. 

When fallback to single TRP transmission, the RV indicated in DCI also falls back to the RV indication as Rel-15, which should be one of the values of {0,1,2,3}.

For TDM 3, it has only two transmission states, single TRP with one transmission or two TRPs with repetition for each. So when one TCI state is indicated, the RV indication follows the RV indication method as Rel-15. When two transmission occasions are applied for multi-TRP case, the RV indication method can have at least two choices:\

· Alt.1:  same as scheme 2b, referring to RV1-3 in Table 8 for simplicity;

· Alt.2:  a new RV indication table can be defined as Table 9, with an additional self-decodable RV combination {0,3} added to give more flexibility comparing to alt.1;
 Table 9: RV Combinations for TDM 3
	RV index
	RV1
	RV2

	0
	0
	0

	1
	0
	2

	2
	0
	3

	3
	1
	3


With this approach of RV indication , dynamic indication can be achieved and thus RRC signaling option 2 is our preference.

Proposal 20: for single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 

· A new RRC parameter is introduced to enable between scheme 2a/2b and scheme 3, dynamical indication between 2a and 2b can be achieved by RV code point indication. 

Proposal 21: RV sequences for scheme 2a/2b/3 are suggested to be pre-defined as Table A below. RV0 contains only one RV value which can be applied for scheme 2a, RV1-3 can be used for scheme 2b. For scheme 2a, retransmissions can use the fixed RV=0 for simplicity, or select the RVs sequentially from a pre-defined RV sequence such as RV sequence {0, 2, 3, 1} where RV{2, 3, 1} can be used for retransmissions .
Table A: RV combinations
	RV index
	RV1
	RV2

	0
	0
	NAN

	1
	0
	0

	2
	0
	2

	3
	1
	3


Proposal 22: for scheme 3, the RV indication are suggested as the alternatives below, and we are more preferred with alt.2.
· Alt.1:  same as scheme 2b, referring to RV1-3 in Table A for simplicity;

· Alt.2:  a new RV indication table can be defined as Table B, with an additional self-decodable RV combination {0,3} added to give more flexibility comparing to alt.1;

 Table B: RV Combinations for TDM 3
	RV index
	RV1
	RV2

	0
	0
	0

	1
	0
	2

	2
	0
	3

	3
	1
	3


Proposal 23: when fallback to single TRP transmission, the RV indicated in DCI also falls back to the RV indication as Rel-15, which should be one of the values of {0,1,2,3}.
4.6. 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 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 24: combined transmission schemes, such as FDM+TDM and SDM+TDM, can be considered for URLLC. 
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. 
· The case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE applies to eMBB and SDM only.
Proposal 5: for supporting both eMBB with flexible rank combination and URLLC transmission schemes, Table 1~4 can be used.
Proposal 6: 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 7: 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 8: if the scrambling ID is not configured, 
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for both PDSCHs from the coordinated TRPs.
Proposal 9: the data REs colliding with DMRS ports of other PDSCHs should be rate matched in multiple-PDCCH based multi-TRP transmission.

Proposal 10: it’s more reasonable to focus on PDSCH mapping type A+A scheduling in Rel-16.
Proposal 11: for multi-DCI based multi-TRP, when the time offset between the reception of the PDSCH and the corresponding DL DCI is less than a threshold, the UE assumes that the DM-RS ports of PDSCH are QCL-ed with the RS(s) in the TCI stateof the CORESET with the same value of HigherLayerIndexPerCORESET and the lowest CORESET-ID in the latest slot
Proposal 12: in case higher layer index per CORESET is not configured, or the same value of 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 ascending order of

· PDSCH reception occasion index at first

· and then serving cell index

· and CORESET ID
Proposal 13: for the generation of dynamic joint HARQ-ACK codebook among M-TRP, DAI should be jointly counted in a PDCCH monitoring occasions across CCs and TRPs.
Proposal 14: the maximum repetition number for scheme 4 should be expanded to 16 to maintain the performance level for certain scenarios.
Proposal 15: scheme 4 can be indicated by the same dynamic DCI signaling in TD-RA field when falls back to single TRP transmission.
Proposal 16: the candidate value range of the gap K between repetitions for scheme 3 can be set from 0 to 5 symbols.
Proposal 17: dropping can be performed for the conflicted repetitions for a PDSCH transmission  in scheme 4 as Rel-15.

Proposal 18: dropping of the conflicted transmission occasions should not affect the mechanism of TCI state and RV mapping.

Proposal 19: same pre-coding should be applied among transmissions on the consecutive time-domain resources associated with the same TCI state.

Proposal 20: for single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 

· A new RRC parameter is introduced to enable between scheme 2a/2b and scheme 3, dynamical indication between 2a and 2b can be achieved by RV code point indication. 

Proposal 21: RV sequences for scheme 2a/2b/3 are suggested to be pre-defined as Table A below. RV0 contains only one RV value which can be applied for scheme 2a, RV1-3 can be used for scheme 2b. For scheme 2a, retransmissions can use the fixed RV=0 for simplicity, or select the RVs sequentially from a pre-defined RV sequence such as RV sequence {0, 2, 3, 1} where RV{2,3,1} can be used for retransmissions .
Table A: RV combinations
	RV index
	RV1
	RV2

	0
	0
	NAN

	1
	0
	0

	2
	0
	2

	3
	1
	3


Proposal 22: for scheme 3, the RV indication are suggested as the alternatives below,  and we are more preferred with alt.2.

· Alt.1:  same as scheme 2b, referring to RV1-3 in Table A for simplicity;

· Alt.2:  a new RV indication table can be defined as Table B, with an additional self-decodable RV combination {0,3} added to give more flexibility comparing to alt.1;

Table B: RV Combinations for TDM 3
	RV index
	RV1
	RV2

	0
	0
	0

	1
	0
	2

	2
	0
	3

	3
	1
	3


Proposal 23: when fallback to single TRP transmission, the RV indicated in DCI also falls back to the RV indication as Rel-15, which should be one of the values of {0,1,2,3}.
Proposal 24: combined transmission schemes, such as FDM+TDM and SDM+TDM, can be considered for URLLC. 
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