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Introduction
In RAN1-98bis meeting, the following agreements were reached for Multi-TRP/Panel Transmission [1]
Agreement
For joint HARQ-ACK codebook among M-TRP, down-select one from following options for the last DCI determining the PUCCH resource:  
· DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.
Agreement
The candidate values of higher layer parameter HigherLayerIndexPerCORESET are [0:1:M], 
· M=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 single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:
· 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. 
· 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 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
Agreement
For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.
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
In this contribution, we discuss about the PDSCH reliability/robustness enhancement and PDCCH transmission for Multi-TRP/Panel transmission.
PDSCH reliability/robustness enhancement  
In last RAN1 meetings, it was agreed that 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 signaling. Option 1 is Cyclical mapping, and Option 2 is Sequential mapping. 
Refer to the TS 36.214[2], if the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold Threshold-Sched-Offset, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH. It means that the time for DCI decoding and beam switching at UE side is not less than Threshold-Sched-Offset. And refer to TS 36.331[3], the value of Threshold-Sched-Offset is 7, 14, 28 symbols with 60KHz SCS and 14, 28 symbols with 120KHz SCS. Thus if the offset between the DCI and scheduled PDSCH is less than the threshold, the TCI state for the PDCCH should be used for the scheduled PDSCH repetition. But whether this repetition should be considered in the Cyclical mapping or Sequential mapping or not, it needs further discussion.
Thus considering the time offset between the corresponding DCI and the PDSCH repetition occasions, and the mapping between TCI states and the PDSCH repetition occasions, there are two options can be seen as follows:
· Option 1: First configure the default TCI state to the PDSCH repetition occasion(s) whose offset is smaller than the Threshold-Sched-Offset, then divide the remaining repetition occasions into two groups(if two TCI states are indicated) to follow Sequential mapping (or Cyclical mapping).
· Option 2: Firs divide all repetition occasions into 2 groups (if two TCI states are indicated), then configure the default TCI state to the PDSCH repetition occasion(s) whose offset is smaller than the Threshold-Sched-Offset in each group,  and the remaining repetition occasions in each group follow Sequential mapping (or Cyclical mapping).
With these two Options, some PDSCH repetition occasions will be configured with different TCI state. In order to align same principle between gNB and UE side, it is better to define a principle that Sequential mapping (or Cyclical mapping) should be applied before or after the configuration of TCI state for PDSCH repetition occasions with short time offset.
Proposal 1: It is better to define a principle that Sequential mapping (or Cyclical mapping) should be applied before or after the configuration of TCI state for PDSCH repetition occasions with short time offset. 
PDCCH for Multi-TRP/Panel transmission  
1 
2 
3 
3.1 Multiple PDCCH
Joint dynamic HARQ-ACK codebook among M-TRP
For joint dynamic HARQ-ACK codebook among M-TRP, one alternative need to be selected out from following two alternatives:
· 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)).
With Alt.1, joint counter DAI and total DAI can help UE to double check the number of PDSCHs. In our opinion, it is the original intention of counter DAI and total DAI. But Alt.1 requires tighter coordination among TRPs than Alt.2 to align DAIs at the scheduling instant. Actually joint dynamic HARQ-ACK codebook among M-TRP is mostly applied in the case of ideal backhaul between multi-TRPs. In addition, the number of counter DAI with Alt.1 will be more than Alt.2. 
Proposal 2: We prefer joint counter DAI and total DAI for all TRPs. 
BWP switching
For PDSCHs scheduled by multiple PDCCHs, a few restrictions were agreed in previous meetings, such as BWP alignment. It means that it must ensure the same active BWP between multiple TRPs for receiving multiple PDSCHs. Since dynamic BWP switching provides benefits on power saving, we think it is better that DCI-based BWP switching can be still feasible in multi-TRP transmission.
It is easy to align the active BWP for ideal backhaul between different TRPs. But for non-ideal backhaul, it is a problem on how to align the active BWP. In our opinion, it is better to indicate the BWP indication to the UE by a primary TRP. While for other TRPs, UE can ignore the BWP indication in PDCCH from them or the BWP indication field in the other PDCCH is not present. And the primary TRP can be indicated by the agreed higher layer parameter HigherLayerIndexPerCORESET.
Proposal 3: The UE follows BWP part indicator from PDCCCH of the primary TRP.
Default TCI state for PDSCH
In case the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold, Rel-15 has specified corresponding UE default QCL assumption obtained from the TCI state associated with the lowest CORESET index. With multi-PDCCH, each TRP will schedule its PDSCH by its own CORESETs. Thus the default TCI state should be the TCI state of a CORESET from a same TRP as the PDSCH. And it was agreed that higher layer parameter HigherLayerIndexPerCORESET may be configured to each CORESET. So the default TCI state should be the TCI state of a CORESET of the lowest CORESET index among CORESETs configured with same value of HigherLayerIndexPerCORESET. 
Proposal 4: The default TCI state for PDSCH reception should be the TCI state of a CORESET of the lowest CORESET index among CORESETs configured with same value of HigherLayerIndexPerCORESET for multiple PDCCH.
3.2 Single PDCCH
Default TCI state for PDSCH
When single PDCCH is used, all PDCCH can be transmitted from only one TRP. Thus there may be no HigherLayerIndexPerCORESET configured for CORESETs. But the single PDCCH need to schedule PDSCHs from more than one TRP, thus DCI should indicate more than one TCI states for PDSCH reception. In this case, when the offset between PDSCH and PDCCH is smaller than a Threshold-Sched-Offset, the default TCI state(s) for PDSCH should be the TCI state of a CORESET of the lowest CORESET index. It means that the default TCI state must be the TCI state refer to the TRP who transmits PDCCHs. It is similar to Rel-15.
Proposal 5: The default TCI state for PDSCH reception should be the TCI state of a CORESET of the lowest CORESET index for single PDCCH.
TRP specific preemption indication
When single PDCCH scheduling PDSCHs from multiple TRPs, it need to let the UE know which beam is used for PDSCH reception by each reception panel. If the resource is preempted by URLLC UE, preemption indication need to be indicated by group common DCI. For example, gNB plan to send PDSCH by TRP#1 at t0 to UE#1 and UE#2 with BWP#0. But the resource is preempted by UE#3. In this case, gNB need to send a same preemption indication to UE#1 and UE#2. But in the scheduling DCI, gNB just indicated the reception beam or reception panel to UE#1 and UE#2 respectively without the information of transmitting TRP of gNB, it is difficult to align the information in preemption indication. In order to solve this problem, it is better to indicate the transmitting TRP ID of gNB in the preemption indication. In addition, the scheduling DCI also need to include the transmitting TRP ID of gNB. And the TRP ID can be indicated by the agreed higher layer parameter HigherLayerIndexPerCORESET.
Proposal 6: It is better to include HigherLayerIndexPerCORESET in scheduling DCI and preemption indication.
Conclusion
In this contribution, we discuss about the potential enhancements on PDCCH and PDSCH reliability/robustness of Multi-TRP/Panel transmission. Based on above discussion, we provide the following proposals.
Proposal 1: It is better to define a principle that Sequential mapping (or Cyclical mapping) should be applied before or after the configuration of TCI state for PDSCH repetition occasions with short time offset.
Proposal 2: We prefer joint counter DAI and total DAI for all TRPs.
Proposal 3: The UE just follows BWP part indicator from PDCCCH of the primary TRP.
Proposal 4: The default TCI state for PDSCH reception should be the TCI state of a CORESET of the lowest CORESET index among CORESETs configured with same value of HigherLayerIndexPerCORESET for multiple PDCCH.
Proposal 5: The default TCI state for PDSCH reception should be the TCI state of a CORESET of the lowest CORESET index for single PDCCH.
Proposal 6: It is better to include HigherLayerIndexPerCORESET in scheduling DCI and preemption indication.
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