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Introduction
RAN1 has sent two LSs on the Rel-17 FeMIMO topic: The first in R1-2102209, which just lists the current agreements in the WI, but the second LS in R1-2102248 requests RAN4 (and RAN2/3) feedback on the L1/L2-centric mobility, with several questions. This topic was also discussed in RAN#91e. 
In this contribution, we discuss the RAN4 related questions in the incoming to facilitate the RAN4 reply LS discussion.  

Discussion
The LS contains a large number of questions, some of which include sub-questions. Questions 5 and 6 are targeted for RAN4:Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.
1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 

Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.
· Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.



In the LS from RAN1 it is further mentioned what is understood as ‘the operation’:
in the following we discuss each of the two questions directed towards RAN4.As a part of the Rel-17 NR_FeMIMO WID wherein the group is tasked to “identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility” as well as “QCL/TCI-related enhancements to enable inter-cell multi-TRP operations”, RAN1 is currently investigating TCI state update (beam indication) for DL reception from and UL transmission to non-serving cell(s) – at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH. In this case, the TCI can be associated with source RS(s) configured for the non-serving cell(s), if supported. It is noted that a non-serving cell is differentiated from the serving cell by PCI.

Question 5 is about whether UE can operate with serving and non-serving cells within the same frequency band (hence intra-band scenario) or additionally inter-frequency band scenario:
· Intra-band scenario only.
· Both intra-band and inter-band scenarios.
More specifically, RAN1 is asking whether RAN4 see any issues operating in either intra-band or inter-band. 
In Rel-16 RAN4 discussed DAPS, where RAN4 had extensive discussions related to UE being scheduled from more than one cell simultaneously. During the DAPS requirements work RAN4 decided to focus on FR1 and did not define requirements for FR2 case.
Our understanding of the RAN1 LS is that it is mainly targeted operation in FR2. The operation discussed in RAN1 is targeting:
1. ‘DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility’, and 
2. ‘QCL/TCI-related enhancements to enable inter-cell multi-TRP operations’ 
Hence, RAN4 has to consider the current baseline assumptions related to CA in FR2 as well as the ongoing discussion related to IBM and CBM capable UEs.
Current assumption for intra-band CA in FR2 is that all FR2 serving cells in the band are collocated. In Rel-16 RAN4 defined requirements for inter-band CA for UEs capable of IBM. In last meeting RAN4 then confirmed that an IBM capable UE there is no restriction on deployment scenario i.e. network assumes an IBM UE supports both co-located and non-co-located deployments. Additionally, following UE assumptions were agreed:
· IBM capable UE is assumed to be capable of receiving signals for FR2 inter-band CA with different beam directions at the same time. 
· A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
For CBM the detailed related to fully/almost colocation and MRTD requirements, the discussion is still ongoing. However, it seems clear that the CBM capable UE will not support non-colocation in a similar manner as the IBM capable UE. As for the UE assumption related to a CBM capable UE RAN4 agreed in last meeting:
· UE is assumed to make reception with one beam at a time, i.e. similar to Rel-15 baseline UE assumption. 
· At least one active panel at a time can be assumed as baseline for RRM requirements definition. 
· A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management. 
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP.
The agreement reached in the last meeting and listed here should be accounted when discussing the LS reply to RAN1.
The agreements related to CBM and IBM capable UEs needs to be accounted in the LS reply discussion.
Based on the RAN4 assumptions, Rel-16 agreements, and ongoing Rel-17 discussion we believe that RAN1 at least would need to be aware of the UE CA and BM capabilities. 
For intra-band CA scenario:
Current assumption for FR2 intra-band CA is that serving cells are collocated. RAN4 has not defined requirements for non-collocated intra-band CA. Hence, this will limit the cell location for the cells being part of the DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility. 
As the assumption has been that intra-band CA is always collocated deployment and that the baseline assumption is that UE can only receive with in one beam direction at a time, RAN4 has not defined requirements for intra-band IBM. Hence, there are currently no UE requirements for handling ‘QCL/TCI-related enhancements to enable inter-cell multi-TRP operations’ for non-collocated scenario (assuming the TRPs are intra-band). 
This means that ‘TCI state update (beam indication) for DL reception from and UL transmission to non-serving cell(s) – at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH’ is questionable if the non-serving cell is not collocated with the serving cell. If collocated (according to Rel-15 requirements in FR2) there may be additional restrictions on the TCI state management.
For intra-band CA, the operations are currently not feasible unless the cells under consideration are collocated. RAN4 would be required RAN4 to define UE requirements for intra-band CA for non-collocated scenario.
This assumes that RAN1 is asking simultaneous operation on each cell (which seems the case from the wording ‘intra-band CA)- However, if considering some sort of TDM scheme this may impact the reply. This would be best to get clarified from RAN1.
Clarify from RAN1 whether RAN1 is considering simultaneous operation of the cells under discussion or whether RAN1 is also considering TDM operation between the cells.

For inter-band CA scenario:
For inter-band CA scenario, RAN4 have defined CBM and IBM capable UEs. UEs supporting IBM the serving cells in the different bands in FR2, can be non-collocated if the UE supports IBM for the given band combination. For CBM capable UE the collocation assumption of the serving cells between the 2 bands is still under discussion.
In the last meeting it was agreed:
· IBM capable UE is assumed to be capable of receiving signals for FR2 inter-band CA with different beam directions at the same time. 
· A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management. 
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP.
It is worth noting that it is assumed that CBM capable UE use DL measurement performed in one CC for selecting the DL Rx beam(s). Hence, with the current agreement it seems difficult to have separate control of the TCI state for the different bands for a CBM UE, as the UE selects the DL Rx beam based on the DL RS of potentially one CC. 
Hence, looking at ‘L1/L2-centric inter-cell mobility’ the use case seems limited to collocated cells unless RAN1 is also considering TDM operation. However, RAN4 is still discussing the collocation assumptions and the CBM UE requirements related to MRTD. Therefore, it is difficult to finally conclude. 
For inter-band CA scenario, for a UE supporting IBM, the beam management can be done independently. Such UE is assumed to be capable of receiving signals for FR2 inter-band CA with different beam directions at the same time. This means that the operations enquired by RAN1 should be feasible for a UE supporting inter-band IBM, if the UE support IBM operation on the band combination. 
For inter-band CA, the operations are currently feasible for a UE supporting IBM for the band combination under consideration.
For inter-band CA, whether the operations are feasible for a UE supporting CBM will depend on the outcome of the collocation assumption discussion related to CBM capable UEs.

Question 6 relates to inter-frequency support within a band. For FR1 (if FR1 is within the RAN1 LS scope) it is assumed feasible based on the fact that RAN4 has already defined DAPS requirements for FR1.
Regarding FR2 the case is more complex and would depend on the UE ability to receive with common and independent beams within a band. Hence, support of non-collocated CA. As discussed for question 5, RAN4 has not defined UE requirements for intra-band non-collocated CA and such requirements would be needed for this scenario.
For inter-frequency CA operation within a band, only collocated scenario is supported. RAN4 would need to define UE requirements for intra-band CA for non-collocated scenario.

Conclusion
RAN1 has sent two LSs on the Rel-17 FeMIMO topic where the second LS in R1-2102248 requests RAN4 (and RAN2/3) feedback on the L1/L2-centric mobility. 
In this contribution, we have discussed the RAN4 related questions in the incoming to facilitate the RAN4 reply LS discussion. From the discussion we make a number of observations:
1. The agreements related to CBM and IBM capable UEs needs to be accounted in the LS reply discussion.
1. For intra-band CA, the operations are currently not feasible unless the cells under consideration are collocated. RAN4 would be required RAN4 to define UE requirements for intra-band CA for non-collocated scenario.
1. For inter-band CA, the operations are currently feasible for a UE supporting IBM for the band combination under consideration.
1. For inter-band CA, whether the operations are feasible for a UE supporting CBM will depend on the outcome of the collocation assumption discussion related to CBM capable UEs.
1. For inter-frequency CA operation within a band, only collocated scenario is supported. RAN4 would need to define UE requirements for intra-band CA for non-collocated scenario.

Based on which we propose:
1. Clarify from RAN1 whether RAN1 is considering simultaneous operation of the cells under discussion or whether RAN1 is also considering TDM operation between the cells.
1. take the observation onto account in the RAN4 LS reply.
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