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1. Introduction
In the RAN4#106-bis-e meeting, the discussions started based a new WID to complete the specification support for BWP operation without restriction in NR. The agreements and open issues are captured in the WF [1].
In this contribution, we further provide our views on RRM impact of option A for BWP operation without restriction.
2. [bookmark: _Hlk73468315]Discussion
Regarding the RRM impact due to supporting option A, it focusses on L1 measurement requirements, timing requirements and L3 measurement requirements. 
2.1 RLM/BFD/BM Requirements for option A
It was agreed in the last RAN4 meeting that there is no specification impact on RLM/BFD/BM requirements for UE supporting option A for BWP operation without restriction. But it is not clear if there is impact on FR2 CSI-RS based RLM requirements.
	Issue 2-1: Any clarification on CSI-RS based RLM/BFD/BM requirements for supporting Option A
<Agreement >:
· In general, no specification impact on RLM/BFD/BM requirements for UE supporting option A for BWP operation without restriction.
· FFS if there is impact on FR2 CSI-RS base RLM requirements specifically.


In legacy RLM requirements, there is a sharing factor P for RLM measurement and intra-frequency/inter-frequency measurements. When concurrent gaps are not configured, the sharing factor P is defined as below.
	For FR1,
[bookmark: _Hlk16676673]-	, when in the monitored cell there are GAPs configured for intra-frequency, inter-frequency or inter-RAT measurements, and these GAPs] are overlapping with some but not all occasions of the CSI-RS; and
-	P=1 when in the monitored cell there are no GAPs overlapping with any occasion of the CSI-RS.
For FR2,
-	P=1, when the RLM-RS resource is not overlapped with measurement gap and also not overlapped with SMTC occasion.
[bookmark: _Hlk16676715]-	, when the RLM-RS resource is partially overlapped with GAP and the RLM-RS resource is not overlapped with SMTC occasion (TCSI-RS < xRP)
[bookmark: _Hlk16676753]-	, when the RLM-RS resource is not overlapped with GAP and the RLM-RS resource is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod).
-	P = Psharing factor, when the RLM-RS resource is not overlapped with GAP and RLM-RS resource is fully overlapped with SMTC occasion (TCSI-RS = TSMTCperiod).
[bookmark: _Hlk16676835]-	, when the RLM-RS resource is partially overlapped with GAP and the RLM-RS resource is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is not overlapped with GAP and
-	TSMTCperiod ≠ xRP or
-	TSMTCperiod = xRP and TCSI-RS < 0.5 × TSMTCperiod
-	, when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS resource is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is not overlapped with GAP and TSMTCperiod = xRP and TCSI-RS = 0.5 × TSMTCperiod
-	, when the RLM-RS resource is partially overlapped with GAP and the RLM-RS resource is partially overlapped with SMTC occasion (TCSI-RS < TSMTCperiod) and SMTC occasion is partially or fully overlapped with GAP
-	, when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS resource is fully overlapped with SMTC occasion (TCSI-RS = TSMTCperiod) and SMTC occasion is partially overlapped with measurement gap (TSMTCperiod < xRP)


When CD-SSB is within active BWP, the sharing factor for FR2 RLM measurement takes SMTC occasion for intra-frequency measurement and GAP for L3 measurement into consideration. However, when CD-SSB is outside active BWP, the intra-frequency measurement is also performed within GAP, rather than on SMTC occasions outside GAP. Therefore, the sharing factor should only consider overlap between RLM-RS resource and GAP. 
The sharing factor FR1 RLM measurement only takes GAP for L3 measurement into consideration. It is reasonable to define same requirements for FR2 RLM measurement when CD-SSB is outside active BWP.
In addition to FR2 RLM measurement, the requirements for FR2 BM/BFD are same in terms of sharing factor between L1 measurement and L3 measurement. The update should be made for all the FR2 RLM/BM/BFD measurement requirements.
In the last meeting, it was agreed that following requirements should be applicable to option B-1-1.
· Existing SSB based RLM/BFD/CBD/BM measurement requirements in clause 8.1, 8.5, 9.5 and 9.8 are to be made applicable for UE supporting option B-1-1.
Thus, existing requirements for FR2 CSI-RS based RLM/BFD/CBD/BM measurement in clauses 8.1, 8.5, 9.5 and 9.8 should be updated for UE supporting option A.
Proposal 1: Existing requirements for FR2 CSI-RS based RLM/BFD/CBD/BM measurements in clauses 8.1, 8.5, 9.5 and 9.8 should be updated by taking intra-frequency measurement with GAP into consideration for UE supporting option A.
Proposal 2: When CD-SSB is outside active BWP, the sharing factor P for FR2 CSI-RS based RLM/BFD/CBD/BM measurements is defined as below.
For FR2 when UE CD-SSB is outside active BWP and UE is not supporting option B-1-1 and option B-1-2,
-	, when in the monitored cell there are GAPs configured for intra-frequency, inter-frequency or inter-RAT measurements, and these GAPs are overlapping with some but not all occasions of the CSI-RS; and
-	P=1 when in the monitored cell there are no GAPs overlapping with any occasion of the CSI-RS.

2.2. Timing requirements for option A
There were discussions on timing requirements for option A.
	Issue 2-2: Any clarification on existing timing requirements when CD-SSB is outside active BWP
<Way forward >: 
· Proposals
· Option 1: (Ericsson, Apple, Nokia, Intel, Huawei, CATT, MediaTek, OPPO)
· No clarifications on existing timing requirements are needed.
· Option 2: (vivo)
· It is clarified in the spec that existing timing requirements for non-RedCap UE are applicable regardless of whether SSB is within active BWP or not.
· A note is added for timing requirements that when SSB is outside active BWP, availability of SSB is at least relevant to configuration of measurement gap, number of measurement objects and gap sharing factor.
· Option 3: (Ericsson, Intel)
· The condition to configure gaps to meet the existing UE transmission timing error requirements in clause 7.1 of TS 38.133, when the UE is performing BM/RLM/BFD based on option A, is NOT needed.
· A possible compromise is to clarify in clause 7.1.2 of TS 38.133, that the availability of the SSB at the UE is for the purpose of acquiring the timing of the reference cell


In existing requirements, without considering FR2-2, the applicability of timing requirements for non-RedCap UE is based on availability of SSB during 160ms.
	When the UL SCS is 120 kHz or smaller, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. ……


However, for RedCap UE, it was agreed that when SSB (including both CD-SSB and NCD-SSB) is not within the active BWP measurement gap should be configured. 
	The UE shall meet the Te requirement for an initial transmission provided that at least one SSB (CD-SSB or NCD-SSB) is available at the UE for acquiring the frame timing of the reference cell during the last 160 ms on the condition that:
-	the SSB is within the UE’s active BWP, or 
-	the SSB is not within the UE’s active BWP, and the measurement gap is configured.


At least, there is spec inconsistency of timing requirements for RedCap UE and non-Redcap UE. It is therefore ambiguous whether timing requirements for non-RedCap UE are also applicable when SSB is outside active BWP. Since it was agreed in the previous meeting that the existing UE transmission timing error requirements based on the SSB defined in clause 7.1 of TS 38.133 shall apply for the UE performing the BM/RLM/BFD based on CSI-RS within the active BWP (Option A), i.e., no additional timing requirements are needed, it means existing timing requirements should be applicable when SSB is outside active BWP. Thus, it is better to clarify this in the specification.
Proposal 3: It is clarified in the spec that existing timing requirements for non-RedCap UE are applicable regardless of whether SSB is within active BWP or not.

It can be further discussed whether additional clarification is needed, e.g., under what conditions 160ms SSB availability can always be guaranteed, especially when SSB is outside active BWP and measurement gap is needed and configured for the UE. 
The interpretation of existing requirements is that when SSB is not available during 160ms period, then the UE is not required to meet uplink transmission timing requirements. It is network’s responsibility to guarantee that at least one SSB is available during 160ms period by configuring SSB periodicity, measurement gap periodicity, number of MOs to be measured in measurement gap and gap sharing factors etc. correctly. 
However, these factors are not captured in the spec. When 160ms SSB availability is not guaranteed in practical network, either UE cannot meet uplink transmission timing requirements or UE cannot meet intra-frequency/inter-frequency measurement requirements. Neither is expected in practical network. Furthermore, uplink transmission timing requirements are not about uplink timing only, it is also related to downlink timing tracking. If timing requirements cannot be met, then both downlink and uplink demodulation performance will be degraded.
Therefore, it should be necessary guidance to add clarification of what factors could impact the availability of SSB when measurement gap is configured. It can be added as a note in the spec just for information.
Proposal 4: A note is added for timing requirements that when SSB is outside active BWP, availability of SSB is at least relevant to configuration of measurement gap, number of measurement objects and gap sharing factor.

2.3 L3 measurement requirements for option A
For Option A, L3 measurements are performed based on SSB outside active BWP. It was agreed that existing requirements for intra-frequency measurement with gap shall apply for UE supporting option A and no spec update is needed.
	Issue 2-3: Any clarification on intra-frequency measurement requirements for supporting option A
<Agreement >:
· Existing requirements for intra-frequency measurement with gap shall apply for UE supporting option A and no update is needed.


In addition to L3 measurements, we also see there is benefit if handover to a BWP without CD-SSB is supported. If it is not supported, then the active BWP without CD-SSB can only be activated and switched to after handover. There would be additional delay and signalling overhead being needed.
Since L3 related requirement are not included in the WID explicitly according to discussions in the last RAN4 meeting, it may need RAN plenary discussion whether to support this.
Furthermore, handover to BWP without CD-SSB directly is also beneficial for UE supporting option B-1-1 and B-1-2.
Proposal 5: It is beneficial to support handover to a BWP without CD-SSB directly for UE supporting option A, B-1-1 and option B-1-2. Whether to support the feature needs RAN plenary guidance.

3. Summary
In this contribution, we provided our views n RRM impact of option A for BWP operation without restriction. Based on above analysis, following proposals are present.
Proposal 1: Existing requirements for FR2 CSI-RS based RLM/BFD/CBD/BM measurements in clauses 8.1, 8.5, 9.5 and 9.8 should be updated by taking intra-frequency measurement with GAP into consideration for UE supporting option A.
Proposal 2: When CD-SSB is outside active BWP, the sharing factor P for FR2 CSI-RS based RLM/BFD/CBD/BM measurements is defined as below.
For FR2 when UE CD-SSB is outside active BWP and UE is not supporting option B-1-1 and option B-1-2,
-	, when in the monitored cell there are GAPs configured for intra-frequency, inter-frequency or inter-RAT measurements, and these GAPs are overlapping with some but not all occasions of the CSI-RS; and
-	P=1 when in the monitored cell there are no GAPs overlapping with any occasion of the CSI-RS.
Proposal 3: It is clarified in the spec that existing timing requirements for non-RedCap UE are applicable regardless of whether SSB is within active BWP or not.
Proposal 4: A note is added for timing requirements that when SSB is outside active BWP, availability of SSB is at least relevant to configuration of measurement gap, number of measurement objects and gap sharing factor.
Proposal 5: It is beneficial to support handover to a BWP without CD-SSB directly for UE supporting option A, B-1-1 and option B-1-2. Whether to support the feature needs RAN plenary guidance.
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