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Introduction
The WI on NR Radio Resource Management (RRM) Phase 5 [1] will carry out from RAN4#110bis. This contribution provides some preliminary considerations on this topic.
Discussion
The objective of the WI is SSB based L3 measurement delay reduction for connected mode is to be discussed since this meeting. The content is duplicated as below [1]. 
	· FR2-1 SSB based L3 measurement delay reduction for connected mode
· [bookmark: _Hlk163403290]For UE supporting multiple-Rx simultaneous reception on single carrier: 
· Study suitable scenarios and conditions and, if feasible, introduce methods to reduce FR2-1 L3 measurement delay by optimizing:
· Rx beam sweeping factor 
· For UE not in multiple-Rx simultaneous reception mode:
· Study suitable scenarios and conditions and, if feasible, introduce methods to reduce FR2-1 L3 measurement delay by optimizing:
·  CSSF outside gap in CA/DC scenarios 
· Baseline assumption on number of searchers is 2



For UE supporting multiple-Rx simultaneous reception on single carrier
The applicable scenarios/conditions for UE support multi-Rx were initially discussed in last meeting with status captured in [1]. Regarding the applicable scenario, the candidate option is as follows:
	Issue 2-1-1: applicable scenarios of L3 measurement delay reduction by optimizing Rx BSF

WF for next meeting:
· FFS:
· L3 delay enhancements in Rel-19 by optimizing Rx BSF for UE supporting multi-rx simultaneous reception are applicable provided the target frequency layer to be measured is the only one in the single FR2-1 band and UE is configured [with one FR2-1 band].
· RAN4 to consider UE supporting FR2-1 power class 3 as first priority.


 
One FFS point is whether to restrict to only one FR2 band. From our understanding, the most common beam assumption for FR2 inter-band is IBM. Thus, not specific issue is foreseen when extending the scenario to multiple FR2 bands. However, considering that the too much extended scenarios/cases have been mentioned in lasting, necessary prioritization should be made. Thus, we are fine to prioritize the case when UE is configured with one FR2-1 band. 
Proposal 1: RAN4 to prioritize following scenarios for L3 measurement delay reduction by optimizing Rx BSF:
L3 delay enhancements in Rel-19 by optimizing Rx BSF for UE supporting multi-rx simultaneous reception when the target frequency layer to be measured is the only one in the single FR2-1 band and UE is configured with one FR2-1 band.
Considering UE supporting FR2-1 Power class 3.
Another issue is about the conditions to apply the L3 measurement delay reduction for supporting multi-Rx. Similar discussion happened in Rel-18 and was excluded in at early stage of the work item. And other L3 related enhancement in terms of scheduling/measurement restriction was also excluded subsequently. The motivation and targeting scenario for beam sweeping reduction is not clear based on the discussion in Rel-18 WI. The targeting scenario for multi-Rx is for throughput improvement in mTRP with the additional efforts of power consumption. As discussed in R18, it cannot be assumed that multiple panels are always activated due to the power consumption and overheating issue. Thus, the reasonable implementation is the multi panels are only activated when mTRP/simultaneous related configurations are provided (i.e. GBBR, dual TCI states), which implicitly indicated that NW will schedule simultaneous reception. 
Observation 1: The targeting scenario for Multi-Rx operation for throughput improvement in mTRP, with the efforts of additional power consumption.
Many companies proposed to use the same condition as defined in Rel-18 multi-Rx. Based on the latest progress in last meeting, the condition for UE in multi-Rx operations is as follows:
	· For fast beam sweeping, the UE is in multi-Rx operation if following condition is met:
· UE is configured with group-based beam reporting (GBBR) report.



It could be observed that the applicable condition for Rel-18 multi-Rx is highly related to throughput boosting, when UE is in mTRP scenario and NW configures GBBR to the UE. However, regarding the objective of beam sweeping reduction for UE support multi-Rx, the scenario is different from what is described above. The RRM measurement is more important at Cell edge which is not typical scenario to enable mTRP operation. In addition, it is unrealistic to assume that multi panels are always activated only for RRM delay reduction purpose. In Rel-18, when UE is configured with simultaneous reception related parameters (e.g. GBBR), UE can expect that simultaneous receptions may be scheduled and UE shall fulfil all multi-Rx related requirements. The multi-Rx operation for simultaneous reception are temporarily happening which is triggered by data reception. However, for the beam sweeping reduction for RRM measurement, which is a long-term activity, and UE has no clue on when multi panels shall be activated. If directly reusing the same conditions as Rel-18 multi-Rx, the benefits of the feature is greatly limited.
Observation 2: The targeting scenario for beam sweeping reduction for RRM measurement is irrelevant to the scenario for simultaneous reception for throughput improvement in mTRP.
Observation 3: RRM measurement is a long-term activity and it is power-consuming to activate multiple panels even without data scheduled (e.g., no GBBR configuration).
Proposal 2: Do not reuse the same applicable conditions specified in Rel-18 multi-Rx (i.e. GBBR is configured)
From the feasibility perspective, to enable the beam sweeping reduction for RRM measurement, the popular approach mentioned in Rel-18 discussion is that UE can sweep the beam simultaneously for each panel. However, to support this enhancement, it not only impacts the antenna design but also require additional searcher resource.  For instance, if UE is required to perform beam sweeping simultaneously for RRM measurement with two panels activated, two searchers are occupied by this single carrier.
Proposal 3: If UE is assumed to perform beam sweeping simultaneously for RRM measurement with two panels activated, at least two searchers are occupied by this single carrier.
For the applicable measurement procedures, quite a lot RRM procedures are mentioned apart from Connected L3 measurement (e.g. HO, SCell activation). From our understanding, literally, what is described in the WID is the L3 measurement in connected mode as defined in clause 9 in RAN4 spec. For the same reason as proposal 1, we prefer to prioritize following RRM procedure for L3 measurement delay reduction by optimizing Rx BSF:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Intra-frequency measurement with MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
· SSB based Inter-frequency measurement with MG, including TPSS/SSS_sync_inter,  TSSB_time_index_inter and TSSB_measurement_period_inter
Proposal 4:
RAN4 to prioritize following RRM procedure for L3 measurement delay reduction by optimizing Rx BSF:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Intra-frequency measurement with MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
· SSB based Inter-frequency measurement with MG, including TPSS/SSS_sync_inter,  TSSB_time_index_inter and TSSB_measurement_period_inter

For UE not in multiple-Rx simultaneous reception mode
In RAN4#110bis meeting, the consensus on the understanding “not in multiple-Rx simultaneous reception mode” is achieved in below [1]. So in this contribution we focus on the case that UE is no capable of R18 multi-Rx simultaneous reception.
	Issue 2-2-1: Clarification on the bullets in WID for this CSSF optimization
Agreement:
Rel-19 discussion on CSSF optimization starts for the case UE is not capable of Rel-18 multi-Rx simulaeous reception, further discuss whether/how it can be applied to the case UE is capable of Rel-18 multi-Rx simulaeous reception but work in single-Rx currently.



It is also agreed that L3 measurement delay reduction by optimizing CSSF only considers CSSF outside measurement gap case.
Application requirements
[bookmark: _Hlk166250093]In current specification, CSSFoutside gap is applied for CSSFintra and CSSFinter where CSSFintra is for intra-frequency measurement without gap and CSSFinter is for inter-frequency measurement without gap, and CSSFintra and CSSFinter are applied in the time period of TPSS/SSS_sync , TSSB_time_index  and T SSB_measurement_period. Therefore it is straight forward that the enhanced CSSFoutside gap can be directly applied in the above requirements.
Proposal 5: L3 measurement delay reduction by optimizing CSSFoutsidegap can be applied in:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra, TSSB_time_index_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
Application Scenarios
In realistic commercial deployment, FR1+FR2 is an extremely critical and promising one. FR1 can guarantee coverage and FR2 can further increase capacity. So the optimized CSSF shall be considered in both SA FR1+FR2 CA and FR1+FR2 DC scenario. As in current TS38.101, there is no FR2+FR2 NRDC configuration, it is no need to consider FR2+FR2 DC scenario.
Proposal 6: L3 measurement delay reduction by optimizing CSSFoutsidegap can be applied in
· SA: FR2+FR2 CA, FR1+FR2 CA
· NRDC:  FR1+FR2 DC 

Candidate Solutions
In RAN4#110bis meeting, several directions of optimizing CSSFoutside gap are proposed.
One candidate optimization is regarding three searchers. Herein an example in figure 1 is provided where in FR1+FR2 scenario, two CCs (e.g., PCC and SCC) in FR1 are to be measured outside gap, and at the same time one inter-frequency layer in FR2 is to be measured within gap. For a UE which supports per-FR gap, as per the existing requirements, intra-frequency outside measurement with CSSFoutsidegap_PCC =1 and CSSFoutsidegap_SCC=1 are performed and the inter-frequency with gap measure is performed. It means that UE shall be able to measure these three frequency layers simultaneously.
[image: C:\Users\h00388629\AppData\Roaming\eSpace_Desktop\UserData\h00388629\imagefiles\CF2D9E2C-5149-47E0-A323-C878A0CD9DDB.png]
Figure 1. CSSF for within gap and for outside gap for UE supporting per FR gap in FR1+FR2 scenario
In essence, in above scenario, a UE is supposed to be equipped with 3 searchers in order to meet the legacy requirements for measurement within gap in FR2 and outside gap in FR1 respectively, otherwise the legacy measurement requirements can not be satisfied.
Observation 4: In order to meet the legacy requirements for measurement within gap in FR2 and outside gap in FR1, a UE is supposed to be equipped with 3 searchers.
For the same UE, if all three CCs to be measured are outside gap and no gap is needed, as per the existing requirements where 2 searchers are assumed:
- one dedicated searcher (searcher #1) is allocated to PCC, then CSSF for PCC=1, 
- the other two SCCs share the other searcher (searcher #2), then CSSF for SCC1=2, CSSF for SCC2=2
However for the UE, as no gap is needed, the searcher used for within gap in Figure 1 can be leveraged for outside gap. Therefore total 3 searchers are used for the measurement outside gap. Then CSSF is well optimized and shorter measurement delay for serving cell measurement can be achieved:
- one dedicated searcher (searcher #1) is allocated to PCC, then CSSF for PCC=1, 
- the other two searchers (searcher #2 and #3) are allocated for SCC1 and SCC2, then CSSF for SCC1=1, CSSF for SCC2=1
[image: ]
Figure 2. CSSF for outside gap for UE supporting per FR gap 
Proposal 7: For UE supporting per FR gap, when all MOs are to be measured outside gap, the CSSFoutsidegap can be optimized, as these MOs can share the three searchers.
It shall be noted that, no any enhanced/additional capability is required for the UE. A UE who supporting per FR gap is necessary to have three searchers.
Proposal 8: Three searchers capability is naturally supported by UE who supports per FR gap and it is not a new or enhanced capability.
Another candidate solution of optimizing CSSF is that UE only needs to measure one serving CC per band if multiple serving CCs are in the same band [2]. We understand the motivation of the solution, however we doubt if there is specification impact. As we know, in NR if servingCellMO is indicated on SCC, L3 measurement on the serving cell is expected. However if neither measurement object (MO) nor servingCellMO is indicated on SCC, no L3 measurement is expected on the frequency layer (i.e., neither measurement on serving cell nor on neighbour cell). As per the current RAN4 specification, in FR2, UE would measurement on serving cell for each of the other intra-frequency layer(s) in the same band. It is implied that the servingCellMO is configured on other SCC in the same band.
	9.2.3.2	Requirements for FR2
For one single intra-frequency layer in a band, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	6 identified cells, and
-	24 SSBs with different SSB index and/or PCI,
where this single intra-frequency layer shall be:
-	PCC when UE is configured with SA NR operation mode with PCC in the band; or
-	PSCC when UE is configured with EN-DC with PSCC in the band; or
-	PSCC when UE is configured with NR-DC with PSCC in the band; or
-	One of the SCCs on which UE is configured to report SSB based measurements when neither PCC nor PSCC is in the same band, so that the selected SCC shall be an SCC where the UE is configured with SS-RSRP measurement reporting if such SCC exists, otherwise the selected SCC is determined by UE implementation.
The UE shall also be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least 2 SSBs on serving cell for each of the other intra-frequency layer(s) in the same band.



If network think the measurement results from other SCell in the same band in FR2 is not necessary, network would not configure servingCellMO on other SCC in the same FR2 band. In other words, the proposed solution can be implemented by network configuration: Only one servingCellMO is configured on one SCC and no MOs are configured on the other SCCs, if multiple serving CCs are in the same band.
Proposal 9: The candidate solution of optimizing CSSF (UE only needs to measure one serving CC per band if multiple serving CCs are in the same band) can be implemented by network configuration, e.g., Only one servingCellMO is configured on one SCC and no MOs are configured on the other SCCs, if multiple serving CCs are in the same band.
Another candidate solution is to optimize CSSF allocation/sharing scheme among multiple carriers. Currently the detailed solution is not clear. We are open to further discuss under what kind of scenarios/conditions, CSSF can be further enhanced. However we are not in favour of dynamical CSSF. CSSF shall be a relative static factor upon the measurement configuration is configured. Dynamical CSSF would complicate UE implementation severely.
 Proposal 10: Dynamical CSSF would complicate UE implementation.
Conclusions
This contribution provides some preliminary considerations on RRM phase 5. According to the analysis, we propose the following proposals:
Proposal 1: RAN4 to prioritize following scenarios for L3 measurement delay reduction by optimizing Rx BSF:
L3 delay enhancements in Rel-19 by optimizing Rx BSF for UE supporting multi-rx simultaneous reception when the target frequency layer to be measured is the only one in the single FR2-1 band and UE is configured with one FR2-1 band.
Considering UE supporting FR2-1 Power class 3.
Observation 1: The targeting scenario for Multi-Rx operation for throughput improvement in mTRP, with the efforts of additional power consumption.
Observation 2: The targeting scenario for beam sweeping reduction for RRM measurement is irrelevant to the scenario for simultaneous reception for throughput improvement in mTRP.
Observation 3: RRM measurement is a long-term activity and it is power-consuming to activate multiple panels even without data scheduled (e.g., no GBBR configuration).
Proposal 2: Do not reuse the same applicable conditions specified in Rel-18 multi-Rx (i.e. GBBR is configured)
Proposal 3: If UE is assumed to perform beam sweeping simultaneously for RRM measurement with two panels activated, at least two searchers are occupied by this single carrier.
Proposal 4:
RAN4 to prioritize following RRM procedure for L3 measurement delay reduction by optimizing Rx BSF:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Intra-frequency measurement with MG, including TPSS/SSS_sync_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
· SSB based Inter-frequency measurement with MG, including TPSS/SSS_sync_inter,  TSSB_time_index_inter and TSSB_measurement_period_inter
Proposal 5: L3 measurement delay reduction by optimizing CSSFoutsidegap can be applied in:
· SSB based Intra-frequency measurement without MG, including TPSS/SSS_sync_intra, TSSB_time_index_intra and TSSB_measurement_period_intra
· SSB based Inter-frequency measurement without MG, including TPSS/SSS_sync_inter, TSSB_time_index_inter and TSSB_measurement_period_inter
Proposal 6: L3 measurement delay reduction by optimizing CSSFoutsidegap can be applied in
· SA: FR2+FR2 CA, FR1+FR2 CA
· NRDC:  FR1+FR2 DC 
Observation 4: In order to meet the legacy requirements for measurement within gap in FR2 and outside gap in FR1, a UE is supposed to be equipped with 3 searchers.
Proposal 7: For UE supporting per FR gap, when all MOs are to be measured outside gap, the CSSFoutsidegap can be optimized, as these MOs can share the three searchers.
Proposal 8: Three searchers capability is naturally supported by UE who supports per FR gap and it is not a new or enhanced capability.
Proposal 9: The candidate solution of optimizing CSSF (UE only needs to measure one serving CC per band if multiple serving CCs are in the same band) can be implemented by network configuration, e.g., Only one servingCellMO is configured on one SCC and no MOs are configured on the other SCCs, if multiple serving CCs are in the same band.
 Proposal 10: Dynamical CSSF would complicate UE implementation.
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