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Introduction
In RAN1#96 and #96bis meetings, the following agreements on reliability/robustness enhancement with multi-TRP/panel for PDSCH transmission were achieved [1] [2]. 

Agreement in RAN1#96 is as follows, 
Agreement by Email Discussion [96-NR-09]
To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
·         Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
§  Scheme 1a:  
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
·         Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
§  Scheme 1b: 
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
·         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.
·         FFS: codeword-to-layer mapping when total number of layers <= 4
§  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.
§  Applying different MCS/modulation orders for different layers or layer sets can be discussed.
·         Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
§  Each non-overlapped frequency resource allocation is associated with one TCI state.
§  Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
§  Scheme 2a: 
·         Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
§  Scheme 2b: 
·         Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
§  Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
§  Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed

Agreements in RAN1#96bis are as follows, 
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)

In this contribution, we provide our views on multi-TRP/panel transmission for reliability/robustness enhancement and CSI measurement/reporting issues.  

Discussion 
Reliability/robustness enhancement with multi-TRP/panel for PDSCH transmission 
By applying multi-TRP/panel transmission to network, reliability and/or robustness for data channel or control channel can be improved, especially when backhaul between base stations is ideal condition. In previous meeting, for multi-TRP/panel PDSCH transmission scheme based URLLC, at least scheme 1a, 3 and 4 for FR1 and scheme 3 and 4 for FR2 have already been supported in Release 16, and more than one FDM scheme is expected to be supported. As mentioned in previous contribution [3], these schemes have different benefits and the scenarios derived benefits are depend on the conditions such as channel condition between different TRPs, resource utilization rate, UE antenna configuration, frequency range, TB size, UE capability and so on. On receiving the previous agreements, several schemes are supported in Release 16, and therefore, to fully take advantage of URLLC, dynamic switching of multi-TRP/panel transmission schemes for URLLC based on conditions should be considered. 
Considering that dynamic switching of URLLC schemes, at first, it is needed to study how to configure the each agreed single PDCCH based URLLC scheme for UE. For scheme 1a (single-RV based SDM), it is already supported by using two TCI states via one TCI codepoint and some enhancements discussed in single-PDCCH based transmission, e.g., DMRS enhancement. For scheme 3 and 4 (mini-slot and slot based TDM), it can be feasible by using Release 15 based slot-level PDSCH repetition functionality with a bit enhancement, such as TRP differentiation for each slot or mini-slot and definition of transmission order between multiple TRPs. In addition, for different RV based TDM scheme case, predefined manner of RV cycling can be reused. 

Proposal 1: For scheme 3 and 4, NR supports Release 15 based slot-level PDSCH repetition functionality with a bit enhancement, such as TRP differentiation for each slot or mini-slot and definition of transmission order between multiple TRPs. 

And we shall need to consider FDM scheme configuration with single-PDCCH, that is, simultaneous configuration of multiple frequency resources for multiple TRPs. For distributed frequency resource allocation, in Release 15, frequency domain resource assignment [4] and resource allocation type are supported [5]. For a case that same single DMRS port is associated with each non-overlapped frequency domain resource, it can be feasible to assign each distributed frequency resource to corresponding TRP. However, for a case that same multiple DMRS ports are associated with each non-overlapped frequency domain resource, association between each DMRS port and TRP is not defined, and hence, a UE cannot differentiate which PDSCH is transmitted from which TRP. 

Proposal 2: For single PDCCH based scheme 2a and 2b, NR supports Release 15 based downlink frequency domain resource allocation type for resource assignment of multiple TRP. 
· [bookmark: _Hlk7166346]FFS: Association between each DMRS port and TRP for a case that same multiple DMRS ports are associated with each non-overlapped frequency domain resource

For dynamic switching of multi-TRP/panel transmission schemes for URLLC based on conditions, two types of switching can be considered. First one is that dynamic scheme switching per repetition. This is more complicated method to indicate merged configuration per repetition, but achieves the most flexible switching of schemes against some conditions for a specific UE. Second one is dynamic switching per transmission occasion. A gNB can be configured one of the URLLC schemes for a UE if a UE requests the traffic required low latency and high reliability, and then, if UE requests the new traffic required only high reliability, a gNB can be configured another one of the URLLC schemes which can achieve higher reliable transmission. Anyway, to get performance of dynamic switching of URLLC schemes, the optimal combination among URLLC schemes need to be considered. 

Proposal 3: NR supports at least one of following options about dynamic switching of multi-TRP transmission schemes based on URLLC. 
· Option 1: Dynamic switching per repetition
· Option 2: Dynamic switching per transmission occasion 
· FFS: The combination among dynamic switching of URLLC schemes

CSI measurement/reporting enhancement for multi-TRP/panel transmission 
Considering that multi-TRP/panel transmission, some issues related to CSI measurement/reporting remain to be studied, for example, CSI framework, CSI reporting format, aspect of number of TRPs, etc. Basically, adding another PDSCH transmission from different TRP to a UE, which is connected with single TRP, has a benefit for eMBB and reliability/robustness transmission perspective, except for taking effective resource utilization into account. For example, for reliability PDSCH transmission case, if a UE find another TRP which can add as multi-TRP based PDSCH transmission during PDSCH transmission with single TRP, macro-diversity/micro-diversity gain from the another TRP can be achieved even if the channel condition of between UE and the another TRP is not good. Therefore, base station needs to consider that which TRP(s) applies to UE as an additional connected TRP based on UE reporting. For that reason, we need to consider at least following issues regarding CSI measurement/reporting. 

· The maximum number of supported TRPs for multi-TRP PDSCH transmission 
· Whether Rel-15 based CSI reporting format can work for activating multi-TRP/panel transmission function
· How to measure the channel conditions from different TRP independently taking inter-TRP interference into account 

First of all, for not only CSI measurement/reporting enhancement perspective but scheduling restriction, the maximum number of supported TRPs for multi-TRP PDSCH transmission should be prioritized for better progress. 

Observation 1: For enhancement on CSI measurement/reporting, at least the following issues should be specified. 
· The maximum number of supported TRPs for multi-TRP PDSCH transmission 
· Whether Rel-15 based CSI reporting format can work for activating multi-TRP/panel transmission function
· How to measure the channel conditions from different TRP independently taking inter-TRP interference into account 

Regarding the activation and deactivation of multi-TRP transmission function to a UE, reusing Release 15 based event triggering mechanism should be supported as a starting point. For example, a UE reports cell measurement results, and then, if difference between two TRPs is smaller than threshold, gNB activates and deactivates multi-TRP transmission. However, for FR2, if a UE has multiple panels and one of the multiple panels is activated for reception, there’s a possibility that the reporting results from such UE is not correct due to the other panel(s) is not activated and not included in the reporting contents. Therefore, when considering that activation and deactivation of multi-TRP transmission function, panel it is necessary to take activation of UE panel into account for transmitted beam measurement from another TRP [6]. 

Proposal 4: Support activation and deactivation of multi-TRP transmission function.  
· FFS: For FR2, whether take activation mechanism of UE-panel into account 

Conclusion
In this contribution, we discussed multi-TRP/panel transmission for reliability/robustness enhancement and CSI measurement/reporting issues. Based on the discussion, our views are summarized as follows.

Observation 1: For multi-TRP/panel transmission based URLLC, the scheme 1, 2, 3 and 4 have advantage respectively. 
Observation 2: For reliability/robustness enhancement, dynamic switching of multi-TRP/panel transmission schemes can be effective if more than one transmission scheme has specified. 
Observation 3: For enhancement on CSI measurement/reporting, at least the following issues should be specified. 
· The maximum number of supported TRPs for multi-TRP PDSCH transmission 
· Whether Rel-15 based CSI reporting format can work for activating multi-TRP/panel transmission 
· How to measure the channel conditions from different TRP independently taking inter-TRP interference into account 

Proposal 1: For scheme 3 and 4, NR supports Release 15 based slot-level PDSCH repetition functionality with a bit enhancement, such as TRP differentiation for each slot or mini-slot and definition of transmission order between multiple TRPs. 
Proposal 2: For single PDCCH based scheme 2a and 2b, NR supports Release 15 based downlink frequency domain resource allocation type for resource assignment of multiple TRP. 
· FFS: Association between each DMRS port and TRP for a case that same multiple DMRS ports are associated with each non-overlapped frequency domain resource
Proposal 3: NR supports at least one of following options about dynamic switching of multi-TRP transmission schemes based on URLLC. 
· Option 1: Dynamic switching per repetition
· Option 2: Dynamic switching per transmission occasion 
· FFS: The combination among dynamic switching of URLLC schemes
Proposal 4: Support activation and deactivation of multi-TRP transmission function.  
· FFS: For FR2, whether take activation mechanism of UE-panel into account 
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