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1. Overall Description
RAN2 sent an LS to RAN1 asking questions on inter-cell beam management and inter-cell multi-TRP. In this paper, we would like to provide the answers to these question or share our understanding on various areas.
1) Applicability of inter-cell beam management to mTRP: RAN2 notes that WI objective 1 states  " The same beam measurement/reporting mechanism will be reused for inter-cell mTRP ").RAN2 would like to understand if the entire inter-cell BM is also applicable to inter-cell mTRP? If not, which part is not applicable to mTRP and how does that work?
[RAN1 reply]: It means only the beam measurement/reporting mechanism, not the entire inter-cell BM, will be applicable to inter-cell mTRP. The beam indication of inter-cell beam management is based on Rel-17 unified TCI framework and that of inter-cell mTRP is based on Rel15/16 TCI framework.
2) Basic Tx/Rx operation with inter-cell beam management: The WI states that "For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done)". Then, when the UE is configured to use both serving cell TRP and TRP with different PCI, RAN2 would like to understand the corresponding behaviour for:
a) UL and DL: Are UL and DL always processed at the same TRP or can the UE use e.g. serving cell TRP for UL transmissions and TRP with different PCI for DL reception or vice-versa?
[RAN1 reply]: This question has not been decided yet and will be discussed in follow-up meeting.
In RAN1 #106-e meeting Chairman notes, there is a FFS whether the indicated DL TCI and UL TCI are associated with SSBs of a same physical cell ID for separate DL/UL TCI, that is whether UL and DL are always processed at the same TRP.
If UL and DL are allowed to be processed at different TRP, serving cell or “neighbor cell” cannot get the HARQ-ACK feedback for the DL transmission timely if these two cells have non-ideal backhaul. While in case of ideal backhaul, processing the UL and DL transmission at different TRPs seems OK. Therefore, from our understanding, processing UL and DL transmission at the same or different TRP can be supported.
b) [bookmark: OLE_LINK1][bookmark: OLE_LINK2]System information and short message (e.g. paging): If UE is receiving DL data from TRP with different PCI on dedicated channels, is the UE still able to receive short message (e.g. paging) and system information from serving cell TRP at the same time?
[RAN1 reply]: Because the serving cell will not change in inter-cell beam management, we do not see any reason for UE to stop receiving short message (e.g. paging) and system information from serving cell TRP, unless the system information from serving cell TRP and TRP with different PCI can be assumed to be the same.
c) SSB reception: is the UE able to always receive CD-SSB from serving cell TRP when needed and is there any impact to RRM measurements of serving or neighbour cells?
[RAN1 reply]: UE is able to always receive CD-SSB from serving cell TRP when needed for RRM measurement. And there is no impact to RRM measurements of serving or neighbour cells.
From RAN1 perspective, the inter-cell beam management, namely L1/L2-centric inter-cell mobility, is not a substitute of the RRC handover procedure. The handover will eventually happen, but before that, NW can indicate UE TCI state associated with TRP with different PCI in inter-cell beam management which is under the framework of Rel17 beam management and based on L1/L2 signaling. Therefore, UE is able to always receive CD-SSB from serving cell TRP when needed for RRM measurement and there is no impact to RRM measurements of serving or neighbour cells.
d) Number of TRPs: Is the number of involved in the operation restricted to two (i.e. serving cell TRP and TRP with different PCI?) Are there any restrictions on TRPs from which UE may send/receive data, or TRPs from which the UE is assumed to be able to make L1 measurements?
[RAN1 reply]: The maximum number of TRPs with different PCI is 1 or up to UE capability with candidate values of 1 and X and will be decided in 106b-e meeting. If only 1 is supported, then the number will be restricted to two, otherwise any value no larger than (X+1) will do.
e) PCell/PSCell/SCell: Is the inter-cell beam management applicable to any serving cell (i.e. PCell/PSCell/SCell)? That is, can intercell beam management or intercell mTRP be configured for SCell and/or PSCell in addition to PCell?
[RAN1 reply]: Yes, It is.
In RAN1#103-e meeting, the network architecture for inter-cell beam management is discussed and it is agreed that both NSA, i.e. LTE PCell and NR-PSCell, and SA are supported. Therefore, the inter-cell beam management is applicable to any serving cell (i.e. PCell/PSCell/SCell).
f) TCI switching signalling: Which signalling should be used for TCI switching for inter-cell beam management?
[RAN1 reply]: Both Rel17 MAC-CE based and Rel-17 MAC-CE+DCI-based beam indication schemes are supported for inter-cell mTRP. 
g) Simultaneous Tx/Rx from and to “serving cell TRP” and “TRP with different PCI”: Is it correct understanding that such simultaneous Tx/Rx is not supported for “inter-cell beam management”, but is supported for “inter-cell mTRP”? If so, what is the difference regarding their configuration that needs to be introduced by RAN2?
[RAN1 reply]: Yes. More discussion is needed for RNA1 to decide the difference regarding their configuration.
From our understanding, according to the report of UE capability, if UE supports multi-DCI based multi-TRP and support of fully/partially overlapping PDSCHs in time, the UE can be configured as inter-cell beam management or inter-cell mTRP. Otherwise, UE can only be set to inter-cell beam management. 
As for the difference regarding their configuration, there will be at least two coresetPoolIndex associated with CORESET in case of inter-cell mTRP to inform UE multi-DCI based mTRP and only one coresetPoolIndex in inter-cell beam management.
3) MAC aspects: RAN2 would like to understand the impacts to MAC operation, in particular:
a) Timing advance: Is it assumed that TA is the same for both serving cell TRP and TRP with different PCI, or does UE maintain different TAs for each?
[RAN1 reply]: RAN1 cannot reach consensus in supporting same or different TA values across the serving cell and TRPs with different PCIs from that of the serving cell for inter-cell beam management. 
b) RACH: Are there any impacts to RACH operation with inter-cell beam management? That is, is it necessary to perform RACH toward TRP with different PCI e.g. for TA, BFR, etc?
[RAN1 reply]: There is no need to perform RACH toward TRPs with different PCI to get the TA, because RAN1 cannot reach consensus in supporting same or different TA values. While as for the BFR, the recovery mechanism has not been discussed in RAN1. From my point of view, for inter-cell beam management, the periodic CSI-RS resources in [image: ] provided by candidateBeamRSList or candidateBeamRSListExt-r16 only can be set to the RSs in serving cell, in which case the RACH toward TRP with different PCI is not necessary, or can be configured as the RSs in serving cell TRP and/or in the TRP with different PCI, in which case the RACH toward TRP with different PCI is needed. In sum, more discussion is needed to decide this question for RAN1.
c) UL PC/PHR: When UE is configured for TRP with different PCI for a cell with UL, is there an impact to UL power control or PHR?
[RAN1 reply]: Because the spatial location of serving cell TRP and TRP with different PCI are totally different, the channels between UE and these two TRP have big difference. Therefore, at least the pathloss reference signal to estimate the uplink path loss should be configured as one reference signal of TRP with different TRP when UE is configured for TRP with different PCI for a cell with UL.
4) HARQ operation: How does the HARQ operation work with the multi-beam operation? In particular:
a) HARQ entity: Is there a single HARQ entity handling both the serving cell TRP and TRP with different PCI?
[RAN1 reply]: RAN1 tends to support single HARQ entity for both inter-cell beam management and inter-cell mTRP.
RAN1 prefers to extend the HARQ-ACK feedback mechanism for intra-cell mTRP specified in Rel16 to inter-cell mTRP. And there is only single HARQ entity accordingly. 
While for inter-cell beam management, both single HARQ entity and different HARQ entity corresponding to different TRP can be supported. However, because only intra-DU and intra-frequency scenarios will be considered in Rel17, RAN1 tends to support single HARQ entity for inter-cell beam management.
b) HARQ retransmissions: Can retransmission occur from different TRP than initial transmission for the same HARQ process? E.g. can initial transmission be done from serving cell TRP and retransmission from TRP with different PCI?
[RAN1 reply]: For inter-cell mTRP, because we prefer to extend the HARQ-ACK feedback mechanism for intra-cell mTRP to inter-cell mTRP, the retransmission should be performed at the same TRP with that of initial transmission. While for inter-cell beam management, more discussion is needed to decide this question. Because the serving cell TRP and TRP with different is controlled by same MAC layer in case of intra-DU, RAN1 tends to support that the retransmission can occur from different TRP than initial transmission for the same HARQ process for inter-cell beam management.
5) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Physical layer configuration: Does the TRP with different PCI have an independent physical layer configuration, e.g. for PUSCH/PDSCH/PDCCH/PUCCH and PRACH?
a) Configuration differences: Does RAN1 assume that only certain parameters can be different from the serving cell and if so, which ones?
[RAN1 reply]: For both inter-cell mTRP and inter-cell beam management, we cannot assume that physical layer configuration of both TRP, which are serving cell TRP and TRP with different PCI, are always the same. Even for the intra-cell mTRP in Rel16, the CORESET for each TRP are configured respectively and the PDSCH/PUSCH of each TRP is scheduled by its own PDCCH. At least, the SCS and pathloss reference signal may be different. And RAN1 needs more discussion to determine the exact parameters that are different for serving cell TRP and TRP with different TRP.
b) Configuration of inter-cell beam management measurements and reporting: Which RRC configuration(s) need to be provided for inter-cell beam measurement and reporting? ‎
[RAN1 reply]: At least the RS configurations of TRP with different PCI used for beam measurement should be provided for inter-cell measurement/reporting.
c) Feature differences: Are the RRC parameters/configurations different for inter-cell mTRP and inter-cell beam management?
[RAN1 reply]: Not all the RRC parameters/configurations of inter-cell beam management are same with that of inter-cell mTRP. At least the configuration of coresetPoolIndex associated with CORESET is different.
3. Actions:
To: RAN2
RAN1 respectfully asks RAN2 to take the above information into account for future work. 

4. Date of Next RAN1 Meetings:
TSG RAN WG1   Meeting #106-bis-e            	   Oct. 11 – 19, 2021          	Online
TSG RAN WG1   Meeting #107-e            	   Nov. 11 – 19, 2021          	Online
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