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Introduction
In RAN1#96 meeting and email discussion [96-NR-09], the following agreements on reliability/robustness enhancement with multi-TRP/panel for PDSCH transmission was achieved [1]. 

Agreements on 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

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 and email discussion [96-NR-09], agreements on assumptions of each scheme for multi-TRP/panel transmission based URLLC were achieved, and it can be seen that each scheme has different benefits. For example, for scheme 1, resource utilization efficiency increases by while other schemes consume additional frequency/time resource for achieve reliable/robust PDSCH transmission. For scheme 2, similar to scheme 1, latency reduction for receiving repeated transmission can be achieved since the UE can simultaneously receive transmitted signals from different TRPs on time domain allocation. In addition, scheme 2 can avoid inter-TRP interference because same spatial layer is utilized. For scheme 3 and 4, lower UE complexity can be achieved in comparison to scheme 1 and 2, and spatial diversity gain can be also achieved by transmitting signal from different TRP per allocate time slot/mini-slot. 

Observation 1: For multi-TRP/panel transmission based URLLC, the scheme 1, 2, 3 and 4 have advantage respectively. 

As discussed above, each scheme has benefits, and in our view, these benefits depend on the conditions such as channel condition between different TRPs, UE antenna configuration, UE capability, frequency range, TB size and so on. Therefore, in terms of reliability/robustness enhancement, more than one multi-TRP/panel transmission scheme should be down-selected/specified, and dynamic switching of multi-TRP/panel transmission schemes for URLLC based on some conditions should be considered. 

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. 

Besides, especially for URLLC perspective, in order to achieve reliability/robustness transmission, it is needed for assumptions for each scheme to consider taking optimal scheduling restriction for avoiding inter-TRP interference into account. For example, in scheme 2 (FDM) case, typical inter-TRP interference issue is described in Figure 1 and Figure 2. 
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[bookmark: _Ref4507793]Figure 1 Illustration of multi-TRP transmission on scheme 2
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	(a) No inter-TRP interference
	(b) Inter-TRP interference from the other scheduled UEs

	[bookmark: _Ref4507801]Figure 2 Type of frequency resource allocation on scheme 2


In Figure 1, it is described that UE#2 and UE#3 are connected with TRP#1 and TRP#2 respectively, while UE#1 is connected with TRP#1 and TRP#2 (multi-TRP). In Figure 2, in case of non-overlapped frequency resource allocation (scheme 2b), two types of resource allocation can be considered. In case of (a), if UE#1 requires more reliable/robust PDSCH transmission, the base station schedules only UE#1’s resource to TRP#1 and TRP#2 respectively in slot K without considering frequency efficiency, because there is almost no inter-TRP interference. On the other hand, in case of (b), the base station schedules more than one UE to each TRP in the same slot K to increase frequency efficiency. However, in this case, reliability of UE#1 can be deteriorated by inter-TRP interference from TRP#1 and TRP#2, and therefore, desired reliability cannot be achieved. Besides, this inter-TRP interference issue also exists in scheme 3 and scheme 4 (TDM).  
From the previous discussion above, considering that reliability/robustness enhancement with multi-TRP transmission, trade-off between frequency-efficiency and reliability caused by inter-TRP interference should be considered. 

Proposal 1: For reliability/robustness enhancement, scheduling restriction of inter TRP interference should be taken into account for comparison between multi-TRP/panel transmission 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 UE-the another TRP is not good. Therefore, base station needs to consider that which TRP(s) applies to which UE based on UE reporting. For that reason, at least, we need to consider following issues. 

· 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 

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 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 2: RAN1 should discuss the maximum number of supported TRPs for multi-TRP CSI measurement/reporting before detailed mechanism for each multi-TRP/panel transmission scheme. 

Conclusion
In this contribution, we discussed enhancements multi-beam selection. 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 reliability/robustness enhancement, scheduling restriction of inter TRP interference should be taken into account for assumptions of each multi-TRP/panel transmission scheme
Proposal 2: RAN1 should discuss the maximum number of supported TRPs for multi-TRP PDSCH transmission before detailed mechanism for each multi-TRP/panel transmission scheme. 
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