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Introduction
In RAN4 99e, the LSs from RAN1 R1-2102248 [1] and R1-2104141[2] were discussed and replied. the WF R4-2108358 was agreed in [3]. Moreover, in RAN 92, extensive discussion on the WID scope happened, and the WID is updated in [4]. 
There are already 2 bullets in [4] that clearly state RAN4 work, in which RRM impacts exist:
· Investigate if the requirements on link recovery procedure is suitable for FR2 serving cells [RAN4]
· Specify core requirements associated with the items specified by RAN1, at least including [RAN4]
· UE requirements for inter-cell beam management

In this paper our views on the inter-cell beam managements are further provided. In [4], the RAN1 work description on inter-cell beam managements are:
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 for intra-cell and inter-cell scenarios to support higher UE speed 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)
iv. 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). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
1. The beam indication is based on Rel-17 unified TCI framework
2. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
3. This work shall only consider intra-DU and intra-frequency cases
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
b) Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception based on Rel-15/16 TCI framework
It is clear that  inter-cell beam management will R17 TCI framework and inter-cell M-TRP will based on R16 TCI framework. In [3], three aspects were identified and agreed to be firstly discussed in RAN4 #99e.
· Unified TCI for DL and UL
· L1/L2 centric inter-cell mobility (Note: This is revised to L1/L2 centric inter-cell Beam management according to the updated WID)
· Beam indication signaling medium
In this paper we provide our views on the above 3 aspects, including continued discussion on the remaining issues in the reply LS for [2].

Discussion on Unified TCI framework
Based on WID description, the main objective of this unified TCI framework is to enable 
· Unified TCI framework for UL and DL
· Unified TCI framework for data and control
· Unified TCI framework for spCell and SCell in intra-band CA
In recent meetings, RAN1 has already agreed to specify 3 kinds of TCI states:
1. Joint DL/UL TCI state, 
2. DL-only TCI state (for separate DL/UL TCI), 
3. UL-only TCI state (for separate DL/UL TCI)
In this case, R15/R16 TCI/Spatial-relation framework can only be regarded as special types of R17 unified TCI. That means definition of R17 new TCI state configuration is quite possible, and these would lead to new requirements in TS 38.133. However, since RAN1 discussion is still on-going, RAN4 can come back to this issue later when RAN1 has more agreements on the details.
Proposal 1  Regarding new TCI state configuration, RAN4 may come back to discuss the corresponding RRM requirements after RAN1 work is stable.
Another issue that being discussed in RAN1 is to specify advanced beam tracking/refinement. In recent RAN1 meetings, the following is agreed.
· Aim for at most one solution for Group 2 in Rel-17 to address issue 6
· Opt 2-A: Latency reduction for MAC CE based TCI state activation, or frequency/time/beam tracking
· Opt 2-B: Latency reduction for MAC CE based PL-RS activation
· Opt 2-C: One-shot timing update for TCI state update
These options are highly related to RAN4 requirements. RAN4 can further discuss these issues once there is RAN1progress.
Discussion on L1/L2-centric inter-cell BM
Discussion on the general impact of L1/L2-centric inter-cell BM
This issue has been extensively discussed across WGs and in RAN #92. Based on the latest agreements in RAN #92, only intra-DU and intra-frequency case is considered, while the serving cell is not changed. Therefore, at least the following issues can be identified in RAN4 RRM:
I. Non-serving cell beam measurement and reporting. This procedure will provide information for potential additional serving cell configuration. In this case, the measurement requirements and the accuracy requirements for non-serving cell RS will be further discussed. Another issue for this is the UE behaviour assumption for non-serving cell measurements. The situation would be similar to R16 CSI-RS L3 measurement. Since the neighbour cell measurement is not necessarily within SMTC, UE with single FFT window will endure measurement performance loss since the serving cell PDCCH detection and PDSCH transmission still need to be conducted. This issue can be further discussed below. Note that the conclusions on measurement and reporting for non-serving cells may also be re-used for the case when a non-serving cell becomes one of the serving cells based on network configurations.
II. TCI state updating for non-serving cell RS. This is related to the unified TCI design. In legacy, TCI state is only configured for the serving cell. If non-serving cell is also configured, RAN4 may need to further discuss how to obtain timing information.
III. RLM/BFD/CBD for the case of inter-cell BM. Since UE could be actually configured with 2 serving cell in this case, it is still unclear how UE can perform RLM/BFD/CBD in this case. RAN4 may further discuss this issue after RAN1 status is more stable.
IV. MRTD/MTTD for the case of inter-cell M-TRP. The MRTD/MTTD is to be specified for intra-cell M-TRP in R16. In inter-cell M-TRP case, the value can be revisited and potentially re-used, since the intra-DU case is considered.
Therefore, the following RAN4 RRM core part impacts can be identified:
· UE behaviour assumption for the non-serving cell L1 measurement
· Measurement period requirements, including potential applicability rules, measurement capability and measurement/scheduling restrictions for the non-serving cell L1 measurement
· Requirements for TCI state updating containing non-serving cell RS.
· Requirements for RLM/BFD/CBD in inter-cell BM
· MRTD/MTTD in inter-cell M-TRP
For the first bullet, actually RAN4 discussion is already triggered by RAN1 LS in last meeting. RAN4 can continue the discussion based on current RAN1 conclusions and agreements.
Proposal 2  The following RRM core part impacts can be identified for L1/L2-centric inter-cell BM:
· UE behaviour assumption for the non-serving cell L1 measurement
· Measurement period requirements, including potential applicability rules, measurement capability and measurement/scheduling restrictions for the non-serving cell L1 measurement
· Requirements for TCI state updating containing non-serving cell RS.
· Requirements for RLM/BFD/CBD in inter-cell BM
· MRTD/MTTD in inter-cell M-TRP
Proposal 3  RAN4 may continue the discussion on UE behaviour assumption for the non-serving cell L1 measurements.

Discussion on the UE behaviour for non-serving cell L1 measurement
In last RAN4 meeting, this issue was discussed based on RAN1 LS[2] and the following are captured in the WF [4]. Another background in the WF is that only SSB-based L1 non-serving cell measurement is considered.
· In RAN4 #99e meeting, RAN4 discussed the UE behavior, performance and UE complexity for supporting non-serving cell measurement. RAN4 will further discuss the non-serving cell measurement in the context of L1/L2 centric inter-cell mobility considering the followings in the future RAN4 meetings:
· For the case when the measurement RS from the non-serving cell is within SMTC, in FR1, legacy measurement behavior based on L3 measurement may be reused from RAN4 perspective. 
· RAN4 will continue to evaluate the impact on a longer measurement delay due to sharing of SMTC window by L1 and L3 measurements.
· For the case when the measurement RS from the non-serving cell is outside SMTC and within SMTC, performance degradation or increased UE complexity may be expected
· To consider concurrent serving cell PDSCH/PDCCH reception and neighbor SSB based L1 measurement outside SMTC, RAN4 needs more time to study on the impacts on performance degradation and UE complexity.
· Note: existing UE feature simultaneousRxDataSSB-DiffNumerology is aimed for concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception. 

In last meeting, the discussion was generally differentiated between FR1 and FR2. 
For FR1, RAN4 can reach the common understanding that, in case non-serving cell measurement is done within SMTC, UE measurement behaviour for L3 measurements can be re-used for L1 measurements. In this case, the non-serving cell L1 measurement can be considered as an ‘intermediate product’ for L3 measurements, which means UE measurement burden is not increased. Moreover, there is no need to further define any scheduling/measurement restrictions for such L1 measurements, since the ones defined for layer 3 measurements can also be re-used. 
[bookmark: _GoBack]Observation 1  For FR1, if SSB-based non-serving cell L1 measurements are performed within SMTC, scheduling/ measurement restrictions defined for L3 measurements can be re-used.
On the other hand, if non-serving cell measurement is done outside SMTC, several cases can be considered:
For UE supporting simultaneousRxDataSSB-DiffNumerology, which is a R15 UE capability, non-serving cell measurement can be done simultaneously with PDSCH/PDCCH reception. In R15, for UE supporting such capability, there is no scheduling restriction defined within SMTC for the L3 measurements. However, whether there is performance degradation compared to the case that there is scheduling restriction for L1 measurements, may need further evaluation. As discussed in R15, for UE supporting simultaneousRxDataSSB-DiffNumerology, no relaxation to the L3 measurement accuracy was introduced in the perf phase. However, the number of samples considered for L3 measurement and that for L1 measurement are different. Moreover, compared to the serving cell L1 measurements, cell identification is needed. Note that in RAN1 it is also agreed to specify rate matching for non-serving cell measurements for this case, so that the impact to performance can be mitigated. Another issue is that, RAN4 may still need to discuss whether non-serving cell measurements performed outside SMTC can be performed together with serving cell L1 measurement, while the serving cell measurement performance is not impacted.
Observation 2  For FR1, if UE supports simultaneousRxDataSSB-DiffNumerology, scheduling restrictions for L1 measurement is not needed when SSB-based non-serving cell L1 measurements are performed outside SMTC. 
For UE not supporting simultaneousRxDataSSB-DiffNumerology, scheduling restriction to PDSCH/PDCCH reception is at least needed. Normally serving cell is not perfectly synchronized with the non-serving cell from UE perspective (similar to the MRTD discussion in M-TRP), the scheduling restriction may need to consider the symbols before and after non-serving cell measurements. Since non-serving cell measurement is done outside SMTC, it would need to further consider defining a window for non-serving cell measurement for the UE. In other word, how many symbols that need to be restricted from scheduling may need further discussion in RAN4. On the other hand, even in this case, UE still needs to perform non-serving cell SSB measurements additionally to the serving cell measurements. If more than one non-serving cells need to be measured simultaneously, the performance may not be the same as serving cell measurement.
Observation 3  For FR1, if UE does not support simultaneousRxDataSSB-DiffNumerology, RAN4 needs to further discuss how many symbols need to be restricted from scheduling, when SSB-based non-serving cell L1 measurements are performed outside SMTC.
Observation 4  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 needs to consider the performance impact when SSB-based non-serving cell L1 measurements are performed outside SMTC.
Observation 5  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 needs to consider whether non-serving cell L1 measurements performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurement accuracy is not impacted.
For FR2, firstly as discussed in last meeting, L1 measurements and L3 measurements are not assumed to be performed simultaneously, because of different Rx beam. Therefore, no matter it is configured in SMTC or not, L3 measurement behaviour can not be re-used for L1 measurements.
Observation 6  For FR2, L3 measurements cannot be re-used no matter whether non-serving cell L1 measurements are conducted within SMTC or not.
In R15/R16, measurement restriction and scheduling restriction are defined for the L1 serving cell measurement. However, for non-serving cell, the QCL assumption for serving cell may not apply when performing the measurements. Moreover, similar to that for layer 3 measurements, cell identification may need to be performed before such L1 measurement is conducted. It is unclear from RAN1 conclusion that whether the cell identification results in L3 measurements can be re-used. 
Observation 7  For FR2, there are differences between UE behaviours for serving cell L1 measurement and that for non-serving cell L1 measurements, including the QCL assumption, needed cell identification, scheduling restrictions etc.
Based on above analysis and observations, we have the following proposals:
Proposal 4  For the discussion on UE behaviour assumptions for non-serving cell L1 measurements, FR1 and FR2 are discussed separately.
Proposal 5  For FR1, RAN4 to further discuss the following issues regarding UE behaviour assumptions for non-serving cell L1 measurements, if it is performed outside SMTC:
· [bookmark: _Hlk79073270]How many symbols are needed for scheduling restrictions, considering different UE capability on simultaneousRxDataSSB-DiffNumerology.
· Whether non-serving cell L1 measurements performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurement accuracy is not impacted.
· How to ensure the performance of non-serving cell L1 measurements, considering both cell identification and measurements.
Proposal 6  For FR2, RAN4 needs to firstly identify the differences between the UE behaviour assumed for serving cell L1 measurements and that for non-serving cell L1 measurements, which at least include
· QCL assumptions
· Needed cell identification
Regarding the reply LS to RAN1, RAN4 may send the additional information to RAN1 once there are conclusions on the issues raised in proposal 5 and proposal 6. Our view in some of the issues can be found in the drafted version attached below.
Discussion on the Beam indication signaling medium
In recent meetings, RAN1 has already achieved the following working assumptions:
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) 

In this case, the enhancement in R17 DCI-based beam indication is needed. However, more details are still being discussed in RAN1, therefore, RAN4 may start discussion after RAN1 work is stable
Proposal 7  Regarding new mechanism for DCI-based beam indication, RAN4 may come back to discuss the corresponding RRM requirements after RAN1 work is stable.

Conclusion
Based on above analysis, we have following observations and proposals.
Observation 1  For FR1, if SSB-based non-serving cell L1 measurements are performed within SMTC, scheduling/ measurement restrictions defined for L3 measurements can be reduced.
Observation 2  For FR1, if UE supports simultaneousRxDataSSB-DiffNumerology, scheduling restrictions for L1 measurement is not needed when SSB-based non-serving cell L1 measurements are performed outside SMTC. 
Observation 3  For FR1, if UE does not support simultaneousRxDataSSB-DiffNumerology, RAN4 may need to further discuss how many symbols need to be restricted from scheduling, when SSB-based non-serving cell L1 measurements are performed outside SMTC.
Observation 4  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 may need to consider the performance impact when SSB-based non-serving cell L1 measurements are performed outside SMTC.
Observation 5  For FR1, no matter simultaneousRxDataSSB-DiffNumerology is configured or not, RAN4 may need to consider whether non-serving cell L1 measurements performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurement accuracy are not impacted.
Observation 6  For FR2, L3 measurements can not be re-used no matter whether non-serving cell L1 measurements are conducted within SMTC or not.
Observation 7  For FR2, there are differences between UE behaviours for serving cell L1 measurement and that for non-serving cell L1 measurements, including the QCL assumption, needed cell identification, etc.

Proposal 1  Regarding new TCI state configuration, RAN4 may come back to discuss the corresponding RRM requirements after RAN1 work is stable.
Proposal 2  The following RRM core part impacts can be identified for L1/L2-centric inter-cell BM:
· UE behaviour assumption for the non-serving cell L1 measurement
· Measurement period requirements, including potential applicability rules, measurement capability and measurement/scheduling restrictions for the non-serving cell L1 measurement
· Requirements for TCI state updating containing non-serving cell RS.
· Requirements for RLM/BFD/CBD in inter-cell BM
· MRTD/MTTD in inter-cell M-TRP
Proposal 3  RAN4 may continue the discussion on UE behaviour assumption for the non-serving cell L1 measurements.
Proposal 4  For the discussion on UE behaviour assumptions for non-serving cell L1 measurements, FR1 and FR2 are discussed separately.
Proposal 5  For FR1, RAN4 further discuss the following issues regarding UE behaviour assumptions for non-serving cell L1 measurements, if it is performed outside SMTC:
· How many symbols are needed for scheduling restrictions, considering different UE capability on simultaneousRxDataSSB-DiffNumerology.
· Whether non-serving cell L1 measurements performed outside SMTC can be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurement accuracy are not impacted.
· How to ensure the performance of non-serving cell L1 measurements, considering both cell identification and measurements.
Proposal 6  For FR2, RAN4 need to firstly identify the differences between the UE behaviour assumed for serving cell L1 measurements and that for non-serving cell L1 measurements, which at least include
· QCL assumptions
· Needed cell identification
Proposal 7  Regarding new mechanism for DCI-based beam indication, RAN4 may come back to discuss the corresponding RRM requirements after RAN1 work is stable.
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1. Overall Description:
In RAN4 #99e and RAN4 #100e meetings, RAN4 have discussed RAN1 LS R1-2104141 on Timing Assumption for Inter-Cell DL Measurement. Based on discussion RAN4 would like to provide the following additional feedback regarding Q2.
Q2: 
· For the case when non-serving measurements are performed outside SMTC in FR1,
· RAN4 need to further study the needed number of samples to ensure performance of cell identifications and measurements based on L1 measurements
· RAN4 need to further study whether non-serving cell L1 measurements be performed simultaneously with serving cell L1 measurements, while the serving cell L1 measurement accuracy are not impacted.
· For UE not supporting simultaneousRxDataSSB-DiffNumerology, additional scheduling restriction is needed. RAN4 need to further study the details of the scheduling restriction.
· For the case of FR2,
· L3 measurements cannot be re-used no matter whether non-serving cell L1 measurements are conducted within SMTC or not.
· RAN4 need to further study the impact of QCL assumptions, needed cell identification, etc., compared to serving cell L1 measurements. 


2. To RAN WG1 group. 
ACTION: 	RAN4 respectfully asks RAN1 to take RAN4 conclusions in consideration and provide feedback on the RAN4 questions, if needed.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #101e	1 - 12, Nov, 2021	Online
TSG-RAN4 Meeting #101e-bis	TBD	Online
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