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Discussion & Decision 
1. Introduction
RAN1 sent LS [1] on the RAN2#107 meeeting including many agreements which may have RAN2 specification impact even further updates on the potential RAN2 impact will be provided later as RAN1 work progresses. In this LS [1], agreements related to the support of multiple PDCCH based multi-TRP/panel transmission are provided as below:
	On multiple PDCCH based multi-TRP/panel transmission, 

· For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability.  

· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs. 

· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET. Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP. This does not preclude configuring the index for other purposes.

· At least for eMBB with M-DCI NCJT in order to generate different PDSCH scrambling sequences, support enhancing RRC configuration to configure multiple dataScramblingIdentityPDSCH. 

· For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission and for LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell


RAN2 also has an email discussion [107#39][NR/eMIMO] Multi PDCCH multi TRP impact to RAN2 (Ericsson) [2] in order to share the high-level structure. Detail issues are handled in this document.
In this contribution, we consider further issues in case the multi PDCCH multi TRP are supported.
2. Discussion

The main features for this WI is to support the multi PDCCH-based multi-TRP transmission, and the details are:

1.  Separate PUCCH and HARQ ACK/NACK for each TRP transmission (PDSCH), see Figure 1. (assume single cell based structure i.e. not CA-based structure)

2.  Scheduled PDSCHs from different TRPs can be received on same slot overlapped symbol(s) but it is not supported in Rel-15 (i.e. limitations on RAN1 specification), see Figure 2.

NOTE 1: In Rel-15, PDSCHs from (same/different) TRPs can be received on the same slot if the time resources are not overlapped and/or DCI-HARQ timings are not out-of-order. Those are relaxed by Rel. 16 NC-JT.
NOTE 2: PDCCH reception from different TRPs and PUCCH transmissions to different TRPs at same time are not supported in Rel-15.
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Figure 1. Single cell like architecture

Figure 2. Simultaneous receptions of PDSCH from different TRPs on same slot

In order to support above two features, RAN1 made above agreements in Introduction, in fact, above second feature has no impact on the RAN2 specifications.

First, RAN2 need to determine how this multiple PDCCH based multi-TRP operation is operated in terms of the protocol structure, i.e. whether single cell like architecture or CA-like architecture. Main intention of this feature from RAN1 is not going to CA approach for TRPs because the current Rel-15 NR itself can configure multiple TRPs without any further specification changes. Only necessary works is to enable transmiting separate PUCCH and HARQ ACK/NACK for each TRP transmission (PDSCH) which already can be possible.

In this reason, RAN1 made agreements above in Introduction, we should just use the same RRC structure we have in Rel-15 i.e. single cell-based multi-TRP support is possible. Only big changes are extending CORESETs and new bit for association for CORESETs and TRPs, i.e. just implement the RAN1 agreements in the current structure.
Proposal 1: Single cell-like architecture is used to support multiple PDCCH based multi-TRP operation and follows the RAN1 agreement received from LS [1].

2.1
PDCCH Impact
As seen in Figure2, simultaneous PDCCH receptions on same slot symbol for different TRPs would not be supported in Rel-16 as well, then no big changes are needed in PDCCH-Config. To see the all procedure, Network first provides the one ServingCellConfigCommon for multi TRPs with extensions i.e. share the other configurations in ServingCellConfigCommon but some restrictions for fields only impact on the TRP2 are needed.
· Increase the maximum number of CORESET in PDCCH-Config (NOTE: from three to five per BWP). However, it is still not clear whether to extend the maximum number of CORESETs per cell. Now we have 0~11 CORESET ID per cell but extending the size of CORESET ID per cell may needed if the maximum number of CORESET per BWP is increased.
· Association between TRP1 and TRP2 is visible by new field (i.e. HigherLayerIndexPerCORESET) which is formed as [0, 1].

· Potential enhancements on QCL-Info to add physCellID (will be discussed in RAN1 from RAN1#98bis)
Proposal 2: Ask to RAN1 whether to extend the maximum number of CORESETs per cell. It seems that maximum 20 CORESETs are configured per cell i.e. CORESET ID should be 0~19.

If the above proposal 2 is adopted, we think the further MAC CE (TCI State Indication for UE-specific PDCCH MAC CE) update is needed since each PDCCH is transmitted on each TRP, the current MAC CE cannot distinguish the MAC CEs transmitted from the different TRPs. Below is the current TCI state indication MAC CE format in [3].
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Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE

There are no reserved bits to extend the MAC CE, so it is not possible to extend CORESET ID from 4 bits to 5 bits if 20 CORESETs are required.

Proposal 3: New MAC CE for TCI State Indication for UE-specific PDCCH is introduced for TRP2 if the size of CORESET ID is increased from 12 to 20.
2.2 PDSCH Impact
It seems there are no impacts from RAN2 for simultaneous receptions of PDSCHs from different TRPs in Figure 2 above i.e. RAN1 can relax this feature in their specifications. According to RAN1’s agreement, below aspects are needed but no further updates on the current PDSCH-Config.

· Multiple dataScramblingIdentityPDSCH is optionally needed i.e. multi-TRP operation can be achieved without dataScramblingIdentityPDSCH.

· Legacy parameter of TCI-states can be used for both TRP1 and TRP2 but extended numbers are also possible.

· TRP1 and TRP2 should have the same DMRS configuration, so no need the additional DMRS configuration for TRP2.
It is not clear that additional TCI state activation/deactivation MAC CE is needed for TRP2, there are two ways to indicate the TCI states of PDSCH for TRP2.

1.  Network provides the MAC CE of TCI states activation/deactivation for PDSCH covering beams from both TRP1 and TRP2 i.e. use the same format of MAC CE and beam allocation in this MAC CE is up to the network.

· After MAC CE activation/deactivation, independent DCIs from TRP1 and TRP2 can activate the TCI state of each TRP.

2.  Use the independent MAC CEs for TRP1 and TRP2 respectively.
· After both MAC CE activation/deactivation, independent DCIs from TRP1 and TRP2 can activate the TCI state of each TRP.
Proposal 4: Ask to RAN1 whether the additional MAC CE to activate/deactivate TCI states for PDSCH is needed to disctinguish beam candidates of TRP1 and TRP2.
2.3
PUCCH Impact
As mentioned above Figure 1, separate PUCCH and HARQ ACK/NACK for each TRP transmission would be supported but it seems there are no additional RRC parameters to support this feature. Only coordination of spatialRelationInfoToAddModList in PUCCH-Config by the network, the separate PUCCH and HARQ ACK/NACK for each TRP transmission seems to be supported i.e. no additional PUCCH configuration for the additional TRP is needed.

Based on our assumption for using same PDSCH-Config for TRPs, the PUCCH SCell indication in same serving cell would be same, it means we just follow the current procedure to select the PUCCH SCell for multi TRP scenario for both intra-cell TRP and inter-cell TRP cases. However, it is required to check whether to introduce multiple PUCCH SCells in one cell group (at least inter-cell TRP case, it seems needed or need condition that multi TRPs are operated on PCell/PSCell and PUCCH SCell for TRP1 and TRP2, respectively) since the current specification allows only one additional PUCCH SCell in the same cell group. 
Proposal 5: RAN2 determines how many PUCCH SCells are configured in the same cell group.
In addition, current PUCCH-Config can provide multiple PUCCH resources and spatial relations for the selected PUCCH resource. It seems possible that the current fields (PUCCH-Resource in resourceToAddModList, PUCCH-SpatialRelationInfo in spatialRelationInfoToAddModList) can configure PUCCH resources for TRP2. Only need to check is wehther to extend the maximum number of PUCCH resources and spatial relations in a SCell to support multiple TRPs.
Proposal 5: Ask to RAN1 whether to extend the maximum number of PUCCH resources and spatial relations in a SCell to support multiple TRPs.

However, we need two activated PUCCH resources at the same time in a cell, so it seems the two independent MAC CEs for PUCCH spatial relations can be activated, but there are no linking/association information between TRPs and MAC CEs. Below is the current MAC CE format of PUCCH spatial relation Activation/Deactivation in [3].
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Figure 6.1.3.18-1: PUCCH spatial relation Activation/Deactivation MAC CE

Therefore, we need at least some mechanism of activation/deactivation of PUCCH resources from different TRPs. One simple option is no MAC CE change and use legacy field by network implementation i.e. PUCCH Resource ID and spatial releations are configured with covering all PUCCH resources and spatial relations for TRP1 and TRP2, but it can cause the dimension down problem when multiple TRPs are used. Other options are introducing new MAC CE for TRP2 or extending the current MAC CE for TRP2.

Proposal 6: Ask to RAN1 whether the current PUCCH resource activation/deactivation mechanism is re-used when multi PDCCH-based multi-TRP is configured.

3. Conclusion
In this contribution, we consider further issues in case the multi PDCCH multi TRP are supported if the single cell based structure is applied.
Proposal 1: Single cell-like architecture is used to support multiple PDCCH based multi-TRP operation and follows the RAN1 agreement received from LS [1].

Proposal 2: Ask to RAN1 whether to extend the maximum number of CORESETs per cell. It seems that maximum 20 CORESETs are configured per cell i.e. CORESET ID should be 0~19.

Proposal 3: New MAC CE for TCI State Indication for UE-specific PDCCH is introduced for TRP2 if the size of CORESET ID is increased from 12 to 20.

Proposal 4: Ask to RAN1 whether the additional MAC CE to activate/deactivate TCI states for PDSCH is needed to disctinguish beam candidates of TRP1 and TRP2.
Proposal 5: Ask to RAN1 whether to extend the maximum number of PUCCH resources and spatial relations in a SCell to support multiple TRPs.

Proposal 6: Ask to RAN1 whether the current PUCCH resource activation/deactivation mechanism is re-used when multi PDCCH-based multi-TRP is configured.
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