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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
According to the WID [1], the main objectives of FeMIMO in R17 are primarily led by RAN1, and RAN2 and RAN4 are responsible for higher layer support and core requirements for features specified by RAN1. Note that two third of the RAN1 time allocated for FeMIMO have passed. At the May WG meetings, we observed difficult situations in RAN1, RAN2, and RAN4, due to parallel discussions and misaligned assumptions on scenario and scope, especially on topics that were primarily handled by RAN2 (i.e., cross-cell mobility) and RAN4 (i.e., MPE mitigation) before. For better efficiency and timely completion of R17, we think it is necessary to clarify (and possibly confine) the scope of R17 FeMIMO. In this paper, we share our views on these aspects. 

Objectives in WID:
	The work item aims to specify the further enhancements identified for NR MIMO. The detailed objectives are as follows:

· Extend specification support in the following areas [RAN1]
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. 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 and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
3. Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]



2. Scope of R17 FeMIMO

Among the objectives on L1/L2-centric inter-cell mobility (in short, L1/L2 mobility) and inter-cell mTRP, the discussions have been quite convolved in both RAN1 and RAN2. Some aspects may be similar between these two topics, for example, as captured in the highlighted parts of RAN1 agreement below, the measurement and reporting mechanism designed for L1/L2 mobility may also be applicable to inter-cell mTRP. 

Agreement in RAN1#105-e:
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP,
· Support at least K=4, where K is defined as the number of beams associated at least with non-serving cell(s) reported in a single CSI reporting instance
· The maximum value of supported K is a UE capability
· K is configured by NW based on the UE capability 
· FFS: The support of K=8 and 16
· For K>4, the maximum number of beams associated with one cell is 4
· FFS: Support L1-based event-driven reporting based on Rel-16 SCell BFR framework or analogous to L3-based event-driven reporting, including the definition of L1-based event, if needed
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies



Still, even if the measurement results obtained for L1/L2 mobility can be used by network implementation for configuring inter-cell mTRP operation, it does not mean these two features should be designed under one signaling framework. In fact, there is a fundamental difference between inter-cell mTRP and L1/L2 mobility. As captured in the RAN2 agreement below, L1/L2 mobility includes change of serving cell, while inter-cell mTRP does not. There are also aspects that are specific to inter-cell mTRP, but not required for L1/L2 mobility, such as multi-DCI based multi-PDSCH reception, as shown in the objectives pasted above. According to the rapporteur, to reduce overlap, it has been clarified when drafting the WID that L1/L2 mobility is to be based on R17 unified TCI framework (e.g., joint TCI in R17 that is to be applied to all DL/UL control/data channels together, UL TCI state in R17 to replace spatial relation in R15/16), while inter-cell mTRP is to be based on R15/16 TCI framework (with possible enhancements if needed), whenever TCI indication is needed. These two topics are discussed in separate agendas in RAN1 and are also considered as two independent scenarios in RAN2, and the latter does not have to wait for progress of the former. The same logic applies to other topics under mTRP in FeMIMO. For example, PUCCH/PUSCH repetition with mTRP has been designed based on spatial relation inherited from R15/16 (instead of UL TCI state in R17), as highlighted in the agreement below. 

Agreements in RAN2#114-e:
	8.17.2	Multi-Cell support
Includes multi-TRP and mobility.

[Omitted]

RAN2 confirm the simplified procedures on the inter-cell multi-TRP-like model as a baseline RAN2 understanding:
Scenario 1: Inter-cell multi-TRP-like model 
1. UE receives from serving cell, configuration of SSBs of the TRP with different PCI for beam measurement, and configurations needed to use radio resources for data transmission/reception incl resources for differet PCI. 
2. UE performs beam measurement for the TRP with different PCI and report it to serving cell.
3. Based on the above reports, TCI state(s) associated to the TRP with different PCI is activated from the serving cell (by L1/L2 signaling). 
4. UE receives and transmits using UE-dedicated channel on TRP with different PCI. 
5. UE should be in coverage of a serving cell always, also for multi-TRP case, e.g. UE should use common channels BCCH PCH etc. from the serving cell (as in legacy). 

RAN2 confirm the simplified procedures on the L1L2 mobility model as a baseline RAN2 understanding:
Scenario 2: L1L2 mobility model (i.e. with serving cell change)
1. UE receives from serving cell, configuration of SSBs of the cell with different PCI for beam measurement/ serving cell change. 
2. UE performs beam measurement for the cell with different PCI and report it to serving cell. 
3. Serving cell configuration for cell with other PCI is provided to the UE by RRC (pre-configuration for serving cell change, FFS if this step is same as 1). 
4. Based on the above reports, TCI states for cell with different PCI is activated along with the serving cell change (by L1/L2 signaling). FFS if this is multiple steps.
5. UE changes the serving cell and starts receiving/transmitting using the pre-configured UE-dedicated channel and TCI states.

Ask R1 to confirm that L1L2 mobility is assumed to be based on L1 measurements (not in R2 scope) 
R2 assumes for now that L1L2 mobility model includes Pcell mobility and possibly also Scell mobility (FFS). 
R2 assumes that for both multi-TRP and mobility scenarios, single protocol stack can be assumed (intra-DU)



Agreement in RAN1#103-e:
	Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  



Reading the agreement in RAN2#114-e, it is clear that Scenario 1 (Inter-cell multi-TRP-like model) and Scenario 2 (L1/L2 mobility model) are considered as two separate scenarios. As this may impact the procedure and signaling design, we believe it is important to clarify at RAN level that Scenario 1 and Scenario 2 shall be treated separately and not mixed together. Specifically on signaling design for inter-cell mTRP, the first option is to design based on R15/16 TCI framework (mentioned by the rapporteur and followed by other mTRP enhancements in RAN1), and the second option is to apply R17 unified TCI framework. Among these two options, we prefer to go with the first, as it follows previous plan mentioned by the rapporteur. Another reason is, going with the second option, R17 unified TCI framework would need to support multi-DCI based multi-PDSCH reception, as inter-cell mTRP operation in R17 is to be based on multi-DCI based multi-PDSCH reception (see the highlighted part in the WID objective quoted above). This seems a challenging task given the remaining time in RAN1. 

With above said, we propose the following:

Proposal 1: Clarify that inter-cell mTRP operation in R17 FeMIMO is to be designed based on R15/16 TCI framework (rather than R17 unified TCI framework), and capture the conclusion in revised WID for R17 FeMIMO. 

Proposal 2: Clarify that inter-cell mTRP (Scenario 1 in RAN2 agreement, i.e. without serving cell change) and L1/L2 mobility (Scenario 2 in RAN2 agreement, i.e. with serving cell change) are two separate scenarios and inter-cell mTRP can be progressed independent from L1/L2 mobility.

As can be seen from RAN2 agreement above, the baseline understanding in RAN2 is that L1/L2 mobility comes with change of serving cell. While discussions happening in RAN2, there are parallel discussions in RAN1 trying to rush to some solutions that may not be aligned with the basic understanding in RAN2 (see the proposal in Section 3.2 of [3] and the highlighted part in the working assumption pasted below). To be specific, one part of the proposal is to introduce an indirect QCL relation between PDCCH/PDSCH in one cell with SSB in another cell, which is not needed if the serving cell is to be changed for L1/L2 mobility. With concerns on misalignment between RAN1 and RAN2, this part was put as FFS. 

Working Assumption in RAN1#105-e:
	Working Assumption
On Rel.17 beam indication enhancements for L1/L2-centric inter-cell mobility, support the following:
· Rel-17 MAC-CE-based and/or DCI-based beam indication (at least using DCI formats 1_1/1_2 with and without DL assignment including the associated MAC-CE-based TCI state activation) 
· FFS (to be decided in RAN1#106-e): Whether this also applies to PDSCH/PUSCH associated with UE-dedicated CORESETs only or additional target channels (e.g. UE-dedicated PDCCH/PUCCH) 
· FFS: Whether the above is supported only for joint TCI, or both joint TCI and separate DL/UL TCI (including that, if separate DL/UL TCI is supported, the DL TCI and UL TCI associated with a same cell) 
· FFS: Whether to support activation of TCI states for more than one cells simultaneously
· FFS: Whether down-selection between MAC-CE only based and MAC-CE+DCI-based beam indication scheme is necessary
· The DL QCL and UL spatial relation rules already agreed for intra-cell scenario 
· FFS: The use of SSB associated with a physical cell ID different from that of the serving cell as an indirect QCL reference for UE-dedicated PDSCH 
· FFS (to be decided in RAN1#106-e): Whether this also applies to UE-dedicated PDCCH 
· Note: When RS X is an indirect QCL reference of a target channel, there exists at least one other source signal on the QCL chain between RS X and the target channel
· FFS (to be decided in RAN1#106-e): Whether SSB associated with a physical cell ID different from that of the serving cell can also be used as a direct QCL reference (source RS) for UE-dedicated PDCCH/PDSCH



Following RAN2 agreement, limiting L1/L2 mobility to the case where the serving cell is to be changed, while for inter-cell mTRP operation the serving cell is not to be changed, would draw a clear dividing line between these two topics. In previous RAN1/RAN2 discussions, companies raised concerns on TU limitations in RAN2 to support all these scenarios in R17. In our understanding, RAN2 already have many topics to finish within R17 timeframe, and mobility, as usual, is expected to have more RAN2 impact. Considering the overall R17 timeline, although L1/L2-centric inter-cell mobility is seen as useful for improving mobility performance, it is worth considering to prioritize inter-cell mTRP for R17, and if time allows to deal with L1/L2 mobility further. 

We also want to highlight that RAN2 has been the leading WG on the support of cross-cell mobility since R15, and the RAN1 LS [2] sent to RAN2~4 (copying RAN) mentioning receiving PDCCH/PDSCH from non-serving cell has led to quite some confusions in both RAN2 and RAN4 (from UE perspective, a cell should be considered as serving cell, if there is active data transmission to this UE). In this sense, it would be more reasonable to respect RAN2’s baseline understanding of L1/L2 mobility, i.e., with serving cell change. 

With above said, we propose this following:

Proposal 3: Prioritize inter-cell mTRP in R17 FeMIMO. L1/L2-centric inter-cell mobility (Scenario 2 in RAN2 agreement, i.e. with serving cell change) can be postponed to a future release.

3. Summary
In this paper, we discussed several difficulties recently emerged in R17 FeMIMO, and proposed the following:

Proposal 1: Clarify that inter-cell mTRP operation in R17 FeMIMO is to be designed based on R15/16 TCI framework (rather than R17 unified TCI framework), and capture the conclusion in revised WID for R17 FeMIMO. 

Proposal 2: Clarify that inter-cell mTRP (Scenario 1 in RAN2 agreement, i.e. without serving cell change) and L1/L2 mobility (Scenario 2 in RAN2 agreement, i.e. with serving cell change) are two separate scenarios and inter-cell mTRP can be progressed independent from L1/L2 mobility.

Proposal 3: Prioritize inter-cell mTRP in R17 FeMIMO. L1/L2-centric inter-cell mobility (Scenario 2 in RAN2 agreement, i.e. with serving cell change) can be postponed to a future release.
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