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Introduction
In RAN1-96bis meeting, the following agreements were reached for Multi-TRP/Panel Transmission [1]
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 
Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 
Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none
· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results
· Specification impact, and UE complexity need to be considered as well.
· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 
· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)
Agreement
For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs.
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 
In this contribution, we discuss about the PDCCH transmission and PDSCH reliability/robustness enhancement for Multi-TRP/Panel transmission.
PDCCH for Multi-TRP/Panel transmission  
1 
2 
2.1 Multiple PDCCH
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.
Proposal 1: The UE just follows BWP part indicator from PDCCCH of the primary TRP.
HARQ ACK/NACK feedback for multi-PDCCH
As for TDMed PUCCH transmission within a slot for separate ACK/NACK, we think PUCCH for CSI and SR should be taken into account when considering PUCCH resource configurations for separate ACK/NACK.
Since separated ACK/NACK feedback is supported for multi-TRP transmission, the HARQ process should be separated among different TRP. But since the number of transmitted TB will be doubled by two TRPs, it is better to increase the number of HARQ process if one HARQ entity is shared among different TRPs. If possible, independent HARQ entities can be used for different TRP. In this case, the number of HARQ process cannot be increased. And each HARQ entity should be associated with a CORESET group belonging to one TRP.
Proposal 2: We support to increase the number of HARQ process if one HARQ entity is shared among different TRPs.
2.2 Single PDCCH
TCI state for PDCCH
Single PDCCH can be transmitted by one TRP to indicate more than one TCI state for PDSCH reception. In order for reliability, it is also can be transmitted by more than one TRP or dynamically changed among different TRP. As for the TCI state for PDCCH reception, it is indicated by the MAC activation. For example, if gNB transmits PDCCH by TRP#0, MAC can active TCI#0. If gNB transmits PDCCH by TRP#1, MAC can active TCI#1. But if gNB transmits PDCCH by both TRP#0 and TRP#1, MAC need to active both TCI#0 and TCI#1. It means that it is necessary to support MAC activation of one TCI state per TRP for PDCCH reception.  
Proposal 3: It is necessary to support MAC activation of one TCI state per TRP for PDCCH reception.
Default TCI state for PDSCH
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, how to define the default TCI state(s) for PDSCH when the offset between PDSCH and PDCCH is smaller than a Threshold-Sched-Offset [2]? There will be a problem by using the TCI state of a CORESET with the lowest index in the latest slot. Since it is possible that the DCI in the CORESET with the lowest index was transmitted from the different TRP compared to the TRP transmitting the PDSCH. Thus the default TCI state should be the TCI state of a CORESET from a same TRP as the PDSCH. If the single PDCCH was configured with more than one TCI state, there should be more than one default TCI state for PDSCH reception.
Proposal 4: More than one default TCI state for PDSCH reception should be supported.
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. Thus it is better to indicate the transmitting TRP ID of gNB in the preemption indication. In addition, the scheduling DCI will need to include the transmitting TRP ID of gNB too.
Proposal 5: It is better to include TRP ID in scheduling DCI and preemption indication.
PDSCH reliability/robustness enhancement  
In last RAN1 meeting, scheme 3 (TDM with mini-slot based) and scheme 4 (TDM with slot based) were agreed for multi-TRP based URLLC with single DCI scheduling. But there is a problem on the number of beam switches within a slot for scheme 3. 
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. So here in order to analyse the number of beam switches within a slot, we need to consider it from two cases. Case 1 is that the DCI and the corresponding mini-slot PDSCH are configured in a same slot. Case 2 is that the DCI and the corresponding mini-slot PDSCH are configured in different slots. 
Case 1: the DCI and the corresponding mini-slot PDSCH are in a same slot
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. If we assume that the value of Threshold-Sched-Offset is 7 symbols with 60KHz SCS, there are at most two mini-slot PDSCH if these two mini-slot PDSCH and the corresponding DCI are configured in a same slot. Thus, it is at most 2 beam switches within a slot. And the time allocation can be seen in figure 1. The beam is changed between DCI and mini-slot#0 at the first time and changed again between mini-slot#0 and mini-slot#1.
Here is the much ideal case that we assume the time for beam switching between different panels is shorter than one symbol. But if only one panel can be activated at the same time, or if there are two activated panels and only one can receive at a time, it is possible that the beam switching time will be long.
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Figure 1, time allocation for DCI and mini-slot PDSCH

Case 2: the DCI and the corresponding mini-slot PDSCH are in different slots
In this case, it is unnecessary to consider the delay between DCI and corresponding PDSCH. There are only mini-slot PDSCHs in a slot. If there are much more beam switches during one slot, it must be some time waste for beam switching. Thus it is a trade-off between time resource and beam resource. In our opinion, it needs to evaluate the performance gain from beam switching frequently, e.g., between each two mini-slots. If not, we prefer to use a same beam among multiple continuous mini-slots.  Thus we prefer to limit the number of beam switches within a slot.
Proposal 6: We prefer to limit the number of beam switches within a slot.
Conclusion
In this contribution, we discuss about the potential enhancements on PDCCH and PDSCH reliability/robustness of Multi-TRP/Panel transmission. Based on above discusses, we provide the following proposals.
Proposal 1: The UE just follows BWP part indicator from PDCCCH of the primary TRP.
Proposal 2: We support to increase the number of HARQ process if one HARQ entity is shared among different TRPs.
Proposal 3: It is necessary to support MAC activation of one TCI state per TRP for PDCCH reception.
Proposal 4: More than one default TCI state for PDSCH reception should be supported.
Proposal 5: It is better to include TRP ID in scheduling DCI and preemption indication.
Proposal 6: We prefer to limit the number of beam switches within a slot. 
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