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Discussion & Decision 
1. Introduction
RAN1 sent LS [1] to RAN2 with the agreements during RAN1#96 on support of enhancements on the multi-TRP/panel transmission.
Based on the discussion and agreements of the multi-TRP/panel transmission enhancement in Rel-16, it seems that both multiple PDCCH and single PDCCH design will be introduced. Below are the agreements in the LS [1]:
	For multiple PDCCH based multi-TRP/panel transmission, 

· The total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2 and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.

· To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs. One CORESET in a “PDCCH-config” corresponds to one TRP.

· Separate ACK/NACK payload/feedback for received PDSCHs is supported. 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. 

For single PDCCH based multi-TRP/panel transmission, 

· TCI indication framework shall be enhanced in Rel-16 at least for eMBB. Each TCI code point in a DCI can correspond to 1 or 2 TCI states. When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 and FFS design for DMRS type 2. MAC-CE can be enhanced to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.


We think that the agreement for the single PDCCH based multi-TRP/panel transmission is highly related to the “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” specified in TS 38.321 [2]. It should be considered as RAN2 issues and we have to provide the possible solutions to RAN1.
In this contribution, we provide the technical background of the RAN1 agreements and considerations of design the MAC CE in order to meet the RAN1 requirements.
2. Discussion

For above single PDCCH based multi-TRP/panel transmission, RAN1 told that TCI indication framework should be enhanced in Rel-16. One urgent change from RAN2 perspective is MAC CE enhancement to map one or two TCI states for a TCI code point. 
2.1
Background of the legacy operation
The current procedure for configuring/activating the TCI state of PDSCH is described in Figure 1:
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Figure 1. Procedure for configuration/activation of TCI state for PDSCH in Rel-15.

In Rel-15, there are 3 step procedure for configuration and activation of TCI state for PDSCH as below:

1.  Maximum 128 TCI states can be configured by RRC signaling for PDSCH transmission in one BWP, and each TCI state include one QCL RS set which may include one or two RS resources as QCL references.

2.  MAC CE is used to select maximum 8 TCI states from those RRC configured TCI states. See the current MAC CE format in TS 38.321 [2].
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Figure 6.1.3.14-1: TCI States Activation/Deactivation for UE-specific PDSCH MAC CE
3.  DCI indicates one entry among the entires which are indicated in above MAC CE.

2.2
Enhanced Procedure for single PDCCH based multi-TRP/panel transmission
We represent the Figure 2 applying the RAN1 agreements for single PDCCH based multi-TRP/panel transmission.
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Figure 2. Enhanced Procedure for configuration/activation of TCI state for PDSCH in Rel-16.
The main change is enabling the indication of two TCI states which are related to TRP 1 and TRP 2 respectively to be used for the single PDCCH transmission. There may many options to support this function but RAN1 concluded some high-level, and request to RAN2 as detail guideline i.e. Each TCI code point in a DCI can correspond to 1 or 2 TCI states, and MAC-CE can be enhanced to map one or two TCI states for a TCI code point. Therefore, RAN2 can design the MAC CE to meet the RAN1 agreement for supporting the multiple beam indication for multiple TRPs.
We think there are some considerations to design the MAC CE for supporting the multiple beam indication for multiple TRPs:

· It seems possible that each code point which is mapped to the entry of MAC CE, includes 1 or 2 TCI states. So MAC CE should distinguish the group of code points.

· The number of maximum activated code point should be determined. It seems that 8 or 16 are the candidate options (in Rel-15, we limited to 8). If 16 code points are used, then 4 bits DCI indicator is needed.
Proposal 1: RAN2 take into account the detail requirement to design the MAC CE for supporting the multiple beam indication for multiple TRPs as below:

· It seems possible that each code point which is mapped to the entry of MAC CE, includes 1 or 2 TCI states. So MAC CE should distinguish the group of code points.

· The number of maximum activated code point should be determined. It seems that 8 or 16 are the candidate options (in Rel-15, we limited to 8). If 16 code points are used, then 4 bits DCI indicator is needed.
It seems RAN2 have to ask RAN1 about the maximum number of activated code points.
2.3
Design the new MAC CE format
First, we need to determine how the newly introduced feature can be handled in MAC CE. 

· Extend the current TCI States Activation/Deactivation for UE-specific PDSCH MAC CE 
· Make new MAC CE to support multiple beam (i.e. TCI state) indication for multiple TRPs
We think there are no big motivation to extend the current MAC CE even we have “R” field for future extension because extension of current MAC CE would not be clean to understand the all feature. The number of reserved LCID is 14 and, so it seems enough for the newly introduced MAC CE for the future, so we think it is better to introduce the new MAC CE as optimal way to support multiple beam (i.e. TCI state) indication for multiple TRPs
Proposal 2: Introduce the new MAC CE to support multiple beam (i.e. TCI state) indication for multiple TRPs.
We also provide the draft CR including the new MAC CE format to support multiple beam (i.e. TCI state) indication for multiple TRPs. However, there is no work item session in RAN2 for handling Rel-16 enhanced MIMO. We assume some more impact would be required for RAN2 at least for RRC/UE capabilities/MAC based on RAN1 request, so it seems better RAN2 handles all issues for this WI by running CR for each specification.
Proposal 3: RAN2 maintain and update the running CR including the RAN2 impact on this WI: Enhancements on MIMO for NR (NR_eMIMO) at least for TS 38.331, TS 38.306, and TS 38.321.
3. Conclusion
In this contribution, we provide our view on MAC CE to support multiple beam indication for multiple TRPs.
Proposal 1: RAN2 take into account the detail requirement to design the MAC CE for supporting the multiple beam indication for multiple TRPs as below:

· It seems possible that each code point which is mapped to the entry of MAC CE, includes 1 or 2 TCI states. So MAC CE should distinguish the group of code points.

· The number of maximum activated code point should be determined. It seems that 8 or 16 are the candidate options (in Rel-15, we limited to 8). If 16 code points are used, then 4 bits DCI indicator is needed.
It seems RAN2 have to ask RAN1 about the maximum number of activated code points.
Proposal 2: Introduce the new MAC CE to support multiple beam (i.e. TCI state) indication for multiple TRPs.
Proposal 3: RAN2 maintain and update the running CR including the RAN2 impact on this WI: Enhancements on MIMO for NR (NR_eMIMO_Core) at least for TS 38.331, TS 38.306, and TS 38.321.
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