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Introduction
In RAN2#117-e, an LS [1] regarding the BWP operation without bandwidth restriction is sent to RAN4. In RAN4#103-e, RAN4 discussed the reply LS and the outcomes are captured in WF [2]. In RAN#96-e, RAN4 is further called for the following task [3]. 
	1. To task the relevant Working Groups (RAN 1, 2, 4) to make progress on their discussions related to the RAN 2 LS in R2-2204009, aim to ensure that Feature Group 6-1a “bwp-WithoutRestriction” works in an early implementable form in R18, or, possibly R17, and report progress to RAN #97. 


In this paper we will provide our views on the RAN4 requirements for FG 6-1a.
Discussion
Scenario for bwp-WithoutRestriction
FG 6-1a (bwp-WithoutRestriction) is defined as follows.
	6-1a
	BWP operation without restriction on BW of BWP(s)
	BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell
	bwp-WithoutRestriction


It can be seen that the feature is to support the scenario where there is no SSB within the active BWP. To make FG 6-1a work from RAN4 perspective, RAN4 needs to check how the RRM procedures involving SSB can be done in such a scenario. 
In our view, from RAN4 perspective, SSB is mainly used for 
· L3 measurement
· When SSB is outside active BWP, RAN4 has defined requirements based on MG (Rel-15) or NCSG (Rel-17), so SSB based L3 measurement is not a problem.
· L1 measurement: 
· RAN4 has defined all the L1 requirements based on the assumption that the RS for L1 measurement is within the active BWP, so SSB based L1 measurement cannot work when SSB is outside active BWP.
· For FR1, CSI-RS based L1 measurement can work if NW provides CSI-RS for L1 measurement within the active BWP and UE supports CSI-RS based L1 measurement. For FR2, CSI-RS based L1 measurement relies on SSB for Rx beam sweeping, so it cannot fully work. 
· Time/frequency synchronization
· RAN4 has defined all the timing requirements assuming UE uses the SSB within the active BWP for tracking, so SSB based tracking cannot work when SSB is outside active BWP.
· TRS based tracking can work if NW provides TRS within the active BWP, which we understand is a must in all deployments, so time/frequency synchronization is not a problem.
Based on above analysis, the main missing part to make FG 6-1a work is L1 measurement. For FR1 the L1 measurement can be done with CSI-RS, so basically FG 6-1a can work from spec point view based on certain NW implementation. For FR2, RAN4 needs to enable independent CSI-RS based L1 measurement or to enable SSB based L1 measurement outside BWP.
Considering that SSB based L1 measurement is a generic functionality and is supported by all the UEs, to make FG 6-1a work, it is meaningful to define requirements for L1 measurement on SSB outside BWP
Proposal 1: RAN4 to define requirements for L1 measurement on SSB outside BWP for FG 6-1a.
Assumption on UE measurement behavior 
In our view, there can be two possible UE implementations for L1 measurement on SSB outside BWP.
· Option 1: UE RF stays on the BWP BW and re-tunes RF to cover SSB BW for measurement
· Option 2: UE keeps RF BW large enough to cover the SSB BW
Our preference is to use option 1 as the assumption to define requirements for L1 measurement on SSB outside BWP. It is noted that the motivation for configuring UE with a BWP not containing SSB (typically small BW) is to enable power saving, but if UE has to keep large RF BW in order to meet the L1 measurement requirements, the power consumption would be compromised, and the benefit of switching UE to such a small BWP will diminish. 
Of course, the consequence of option 1 is that UE needs to perform RF re-tuning before and after the L1 measurement, and there could be interruptions to the serving cell. Although not desirable, we still think this is a more meaningful assumption for the UE behavior compared to option 1, as the latter almost removes the power benefit from BWP operation. RAN4 can further discuss how to minimize the interruptions.
Proposal 2: RF re-tuning before and after the measurement should be allowed for UE to perform L1 measurement on SSB outside BWP.
In our view, there can be two options for UE to do RF re-tuning before and after L1 measurement:
· Option 1: the RF re-tuning for L1 measurement is done in the MG or NCSG occasions configured for L3 measurement 
· Option 2: the RF re-tuning for L1 measurement is done before and after each SSB occasions
We prefer to define the requirements for L1 measurement on SSB outside BWP based on option 1. The benefit of option 1 is that it does not cause additional interruption to the serving cells, since in most cases MG or NCSG is already configured for L3 intra-frequency measurement. Of course, the L1 measurement delay will be longer compared to option 2 because L1 measurement is now performed in MG or NCSG. 
Option 2 has the advantage in terms of measurement delay, but there will be additional interruptions on top of the MG or NCSG configured for L3 measurement. If L1 measurement is performed frequently, the impacts of the additional interruptions may be an issue. 
Proposal 3: L1 measurement on SSB outside BWP are performed with shared MG or NCSG for L3 measurement. 
If Proposal 3 is agreeable, RAN4 can further discuss the L1 measurement requirements. For example, the MGRP/VIRP needs to be accounted in the measurement interval. When NCSG is configured for L3 measurement, the L1 measurement can be performed in parallel with the L3 measurements. When L1 measurement is performed with MG, UE may not be able to perform L1 measurement on the serving cell and L3 measurement on inter-frequency carrier in the same MG occasion, so CSSF should be applied.
Proposal 4: RAN4 to consider the following updates to the L1 measurement requirements
· MGRP/VIRP are accounted in the measurement interval
· When L1 measurement is performed with MG, CSSF is applied
Timeline 
In addition to completing the requirements for FG 6-1a, RAN4 also needs to discuss from which release the requirements are applied. In our view, no matter how the requirements are defined, they are regulating the UE behaviors and imposing new requirements for SSB based L1 measurement. Considering that the core part of Rel-17 is closed, it is reasonable that the requirements for FG 6-1a are defined in Rel-18.
Proposal 5: Requirements for FG 6-1a are defined in Rel-18.
Conclusions
In this paper we provided our initial views on the RAN4 requirements for FG 6-1a.
Proposal 1: RAN4 to define requirements for L1 measurement on SSB outside BWP for FG 6-1a.
Proposal 2: RF re-tuning before and after the measurement should be allowed for UE to perform L1 measurement on SSB outside BWP.
Proposal 3: L1 measurement on SSB outside BWP are performed with shared MG or NCSG for L3 measurement. 
Proposal 4: RAN4 to consider the following updates to the L1 measurement requirements
· MGRP/VIRP are accounted in the measurement interval
· When L1 measurement is performed with MG, CSSF is applied
Proposal 5: Requirements for FG 6-1a are defined in Rel-18.
Reference
[1]. R2-2204009, LS on BWP operation without bandwidth restriction, RAN2
[2]. R4-2211219, WF on R17 gap coordination and BWP operation without BW restriction, Apple
[3]. RP-221870, NCD-SSB for all devices: proposed Way Forward, Vodafone (offline session chair)
8

2

