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Introduction
In RAN #98bis meeting, the following agreements on multi-TRP transmission were achieved [1].
Agreement
For M-DCI NCJT transmission, each PUCCH resource may be associated with a value of higher layer index per CORESET
· FFS: Additional restriction such as TDM PUCCH transmission across different higher layer index per CORESET
· FFS: Details on association
Agreement
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 
· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP.

In this contribution, we provide our considerations for multi-TRP/panel transmission enhancements based on the above agreements, for multi-PDCCH design with ideal/non-ideal backhaul and single-PDCCH design.
Discussion	 on Multi-PDCCH based multi-TRP/Panel transmission
For multi-PDCCH based multi-TRP/Panel transmission, multiple PDCCHs each schedules a separate NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. In this section, PUCCH resource configuration and joint HARQ ACK/NACK feedback are discussed for multi-PDCCH based multi-TRP/Panel transmission enhancements.
· PUCCH resource configuration
In RAN1 #98 meeting [2], 2 options are proposed for PUCCH resource group for M-DCI NCJT transmission:
· 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. 
During RAN1 #98bis online discussion, RAN 1 reaches a compromise between Option 1 and Option 2. Instead of explicit PUCCH resource grouping, a value of higher layer index per CORESET may be associated with each PUCCH resource. In fact, the value can be seen as some kind of PUCCH resource group ID. For the convenience of description, the value of higher layer index per CORESET is noted as . If two TRPs are considered for multi-TRP transmission,  corresponds to each TRP.
When the association between PUCCH resource and  is established, on one hand, PUCCH resource associated with different  can be configured with non-overlapping resources; on the other hand, UE knows the relations between PUCCH resource and TRP.
3 rules may be predefined about PUCCH resource associated with :
Rule 1: PUCCH resources associated with different  are non-overlapping in time domain.
Rule 2: PUCCH resources associated with the same  may be overlapping or non-overlapping in time domain.
Rule 3: PUCCH resource which isn’t associated with any  may be overlapping or non-overlapping with other PUCCH resources in time domain.
Based on the above rules, PUCCH resources associated with  can be scheduled by TRP #, , while PUCCH resources associated with no  can be scheduled by both TRP #0 and TRP #1. In this way, enough scheduling flexibility can be achieved.
Proposal 1: PUCCH resource associated with a value of higher layer index per CORESET can be scheduled only by the corresponding TRP and the following rules are predefined:
· Rule 1: PUCCH resources associated with different values of higher layer index per CORESET are non-overlapping in time domain.
· Rule 2: PUCCH resources associated with the same value of higher layer index per CORESET may be overlapping or non-overlapping in time domain.
Proposal 2: PUCCH resource which is not associated with any value of higher layer index per CORESET can be scheduled by all of the TRPs and PUCCH resource which is associated with isn’t associated with any value of higher layer index per CORESET may be overlapping or non-overlapping with other PUCCH resources in time domain.
· Joint HARQ ACK/NACK feedback
HARQ-ACK codebook needs to be enhanced in order to support joint HARQ ACK/NACK feedback for multi-PDCCH based multi-TRP/panel transmission.
For dynamic HARQ-ACK codebook, the payload and HARQ-ACK bits can be determined by C-DAI and T-DAI. For M-TRP, there are some issues about C-DAI and T-DAI, i.e. how to count DAI among M-TRP? 2 alternatives are proposed in RAN1 #98 meeting:
· 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)).
The pros and cons of Alt.1 and Alt.2 are summarized in Tab.1. For Alt.1, the main drawback is the need of tight coordination among TRPs to align DAIs. However, joint HARQ-ACK feedback is mainly used for ideal backhaul, thus, tight coordination among TRPs may not be an issue. For Alt.2, since HARQ-ACK information bits are concatenated by the information bits of each TRP, thus if the number of HARQ-ACK information bits is wrong due to DCI missing for any of the TRPs, the total codebook size will be incorrect,  then the joint HARQ-ACK cannot be decoded. 
Tab. 1 Pros and cons of Alt.1 and Alt.2
	
	Pros
	Cons

	Alt.1
	Provide More robustness in case of DCI missing.
	Require tight coordination among TRPs to align DAIs.

	Alt.2
	Available in non-ideal backhaul scenario.
	May have robustness issues due to DCI missing.


Proposal 3: For joint dynamic HARQ-ACK codebook among M-TRP, Alt.1 should be supported, i.e. 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.
Discussion	 on single-PDCCH based multi-TRP/Panel transmission
For single-PDCCH based multi-TRP/Panel transmission, single-PDCCH schedules single PDSCH where different layers can be transmitted from separate TRPs with the same PRB allocation. In this section, QCL indication enhancement is discussed for single-PDCCH based multi-TRP/Panel transmission enhancements.
· QCL indication enhancement
For single-PDCCH based multi-TRP/Panel transmission, different layers can be transmitted from different TRPs. Taking 4-layer transmission as an example, 3 layers may be transmitted from TRP #1 and 1 layer may be transmitted from TRP #2. In this situation, the DMRS ports used for 3 layers transmission for TRP #1 and the DMRS port for TRP #2 should be in different CDM groups. However, this cannot be satisfied by Rel-15 DMRS tables for antenna ports indication. Thus, DMRS tables for antenna ports indication needs to be enhanced in order to support single-PDCCH based multi-TRP/Panel transmission. Since the reserved entries in Rel-15 DMRS tables is limited, e.g., for DRMS type 1 & maxLength=2, there is only 1 entry reserved, for DRMS type 2 & maxLength=2, there is only 6 entry reserved, thus we do not think it is enough to support single-PDCCH based multi-TRP/Panel transmission.
Proposal 4: New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
Note that for single-PDCCH based multi-TRP/Panel transmission, one TCI code point can be mapped to two TCI states. Thus, we can take advantage of this feature for UE to determine whether to use the original DMRS tables or the new one.
Proposal 5: TCI field value in the DCI can be used to determine which DMRS tables to be used: if the TCI code point is mapped to 1 TCI state, then the original DMRS tables should be used; if the TCI code point is mapped to 2 TCI states, then new DMRS tables should be used.
Next, we discuss about the association between TCI state and CDM group. For both DMRS type 1 and DMRS type 2, when 2 CDM groups are configured, it was agreed that each TCI state within a TCI code point was associated with one CDM group: the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the second indicated CDM group. For DMRS type 2, when 3 CDM groups are configured, there’re mainly 2 kinds of association mechanism: static association mechanism or flexible association mechanism.
Static association mechanism means: associate the first TCI state with CDM group 0, and associate the second TCI state with the left CDM groups. For example, the first TCI state is associated with CDM group 0 and the second TCI state is associated with CDM group 1 and CDM group 2.
Flexible association mechanism means: similar to static association mechanism, but the first TCI state can be associated with any one of the 3 CDM groups, and the second TCI state is associated with the left CDM groups. For example, the first TCI state may be associated with CDM group 0 or CDM group 1 or CDM group 2 and the second TCI state is associated with the left CDM groups.
Here, we prefer the flexible association mechanism and the following rules can be utilized to determine the specific associations between TCI states and CDM groups:
Rule 1: DMRS ports from different TRPs belong to different CDM groups.
Rule 2: the first TCI state is associated with one CDM group, where the corresponding CDM group has the smallest index, and the second TCI state is associated with other CDM groups.
For instance, for a 2+3 layers transmission and DMRS ports {0-4} are used, then the first TCI state is associated with CDM group 0 and the second TCI state is associated with CDM group 1 and CDM group 2; for a 1+2 layers transmission and DMRS ports {3-5} are used, then the first TCI state is associated with CDM group 1 and the second TCI state is associated with CDM group 2.
Proposal 6: For DMRS type 2, when 2 TCI states are activated within a TCI code point and 3 CDM groups are configured, the flexible association mechanism should be used and the following rules are defined:
· Rule 1: DMRS ports from different TRPs belong to different CDM groups.
· Rule 2: the first TCI state is associated with one CDM group, where the corresponding CDM group has the minimum index, and the second TCI state is associated with other CDM groups.
Summary 
In this contribution, we provide our views on enhancements for multi-TRP/panel transmission. Based on our observations, we have the following proposals:
Proposal 1: PUCCH resource associated with a value of higher layer index per CORESET can be scheduled only by the corresponding TRP and the following rules are predefined:
· Rule 1: PUCCH resources associated with different values of higher layer index per CORESET are non-overlapping in time domain.
· Rule 2: PUCCH resources associated with the same value of higher layer index per CORESET may be overlapping or non-overlapping in time domain.
Proposal 2: PUCCH resource which is not associated with any value of higher layer index per CORESET can be scheduled by all of the TRPs and PUCCH resource which is associated with isn’t associated with any value of higher layer index per CORESET may be overlapping or non-overlapping with other PUCCH resources in time domain.
Proposal 3: For joint dynamic HARQ-ACK codebook among M-TRP, Alt.1 should be supported, i.e. 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.
Proposal 4: New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
Proposal 5: TCI field value in the DCI can be used to determine which DMRS tables to be used: if the TCI code point is mapped to 1 TCI state, then the original DMRS tables should be used; if the TCI code point is mapped to 2 TCI states, then new DMRS tables should be used.
Proposal 6: For DMRS type 2, when 2 TCI states are activated within a TCI code point and 3 CDM groups are configured, the flexible association mechanism should be used and the following rules are defined:
· Rule 1: DMRS ports from different TRPs belong to different CDM groups.
· Rule 2: the first TCI state is associated with one CDM group, where the corresponding CDM group has the minimum index, and the second TCI state is associated with other CDM groups.
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