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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN2 LS [1], RAN4 is asked to answer questions related to BWP operation without bandwidth restriction.
	Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.



In the RAN4#103-e meeting, there were extensive discussions on BWP operation without bandwidth restriction related to RAN2 LS [1]. Following agreements were achieved and captured in WF [2].
	Agreement:
· RAN4 is to inform RAN2 that RAN4 requirements are defined only for the case when the target RS (SSB or CSI-RS) to perform BM/RLM/BFD is contained within the UE active BWP
· FFS whether it would be feasible for the UE to perform BM/RLM/BFD on RSs configured outside the active BWP 
· Companies should provide analysis on the feasibility of performing BM/RLM/BFD on RSs that are not contained within the active BWP
· RAN4 feasibility study focused on the response to RAN2 LS without any update on RAN4 specifications



In the RAN#96 meeting, there were also relevant discussions. RAN4 is tasked to make progress on how to support FG 6-1a bwp-WithoutRestriction according to agreed WF [3].
	· 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. 



We provided our views on this issue in the last RAN4 meeting in [4]. In this contribution, we further provide our views on BWP operation without bandwidth restriction for legacy normal UE.
2. Discussion
BWP operation without SSB (FG 6-1a) is an optional feature. It is not clear how this feature is actually supported by the UE since there are no explicit requirements being specified for this feature. It would be better to have a general overview on how BWP operations with or without bandwidth restriction is supported from RRM requirements perspective.
In existing RRM requirements, L1 measurements, including RLM/BFD/CBD/L1-RSRP, are performed with corresponding reference signals within active BWP, i.e., UE is not required to perform L1 measurements when reference signals are not fully covered by active BWP. Therefore, for the UE supporting FG 6-1a to perform L1 RLM/BFD/CBD/L1-RSRP measurements based on SSB, there is no requirements being specified explicitly in existing specs. For downlink timing tracking, the SSB should also be in the active BWP of the UE though there were different understandings of the requirements.
In the last RAN4 meeting, it was agreed to study whether it would be feasible for the UE to perform BM/RLM/BFD on RSs configured outside the active BWP. We provide following analysis for different UE implementations.
2.1 UE working with larger bandwidth
To support FG 6-1a, one alternative implementation (Alt 1) would be that UE use larger CBW than active BWP so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both BWP and SSB. 
With such UE implementation, the SSB is actually located in the UE working channel bandwidth. Therefore, the SSB based L1 measurement, including RLM/BFD/CBD/L1-RSRP measurement, can be performed in the way exactly the same as the case when SSB is within active BWP for FG 6-1. 
Of course, existing requirements do not apply to such UE explicitly. But requirements can be improved with minimum changes by addition of applicability rules. For example, according to the existing RLM requirements, UE is not required to perform RLM outside the active DL BWP. For UE supports bwp-WithoutRestriction, additional applicability can be specified that UE is required to perform RLM outside the active DL BWP. Similar applicability can be added for other L1 measurements, e.g., BFD/CBD/L1-RSRP measurements, either.
Since SSB is actually located in the UE working channel bandwidth with Alt 1 implementation, UE is not needed to retune RF chain to perform L1 measurements. Consequently, no interruption should be allowed for the UE to perform L1 measurements when SSB is outside active BWP.
Measurement restrictions are specified for UE performing L1 RLM/BFD/CBD/L1-RSRP measurement when reference signals are within active BWP. For UE implementation Alt 1, same measurement restrictions can be reused for layer measurements when RSs are outside active BWP.
Same analysis as for measurement restrictions can also be used for scheduling restrictions for UE performing L1 RLM/BFD/CBD/L1-RSRP measurement.
With aforementioned analysis, it can be drawn that for the UE supporting bwp-WithoutRestriction, it is feasible for UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided the UE is working in a larger channel bandwidth that includes bandwidth of both active BWP and SSB. RRM requirements can be improved with minimum changes to allow such UE implementation.
Proposal 1: For UE supporting bwp-WithoutRestriction, it is feasible for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided the UE is working in a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
Proposal 2: Expected changes to RRM requirements for UE supporting bwp-WithoutRestriction could be as follows.
· The UE is required to perform L1 measurements (RLM/BFD/CBD/L1-RSRP/downlink timing tracking) when reference signals (SSB) are not contained with active BWP.
· Measurement restriction requirements for L1 measurements with reference signals (SSB) within active BWP are also applicable to when reference signals (SSB) are not contained with active BWP.
· Scheduling restriction requirements for L1 measurements with reference signals (SSB) within active BWP are also applicable to when reference signals (SSB) are not contained with active BWP.
· No interruptions are allowed for UE to perform layer measurements when reference signals (SSB) are not contained with active BWP.
	
2.2 UE configured with measurement gap
[bookmark: _Hlk110244686]Another alternative implementation (Alt 2) is that the UE supporting FG 6-1a still operates in the configured active BWP. Measurement gap(s) need to be configured in this case for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRSP measurements. 
There could be very big spec impacts with such implementation though it may be feasible technically. From implementation perspective, there could be multiple measurement gap configuration mechanism being considered. 
Option 1: Using legacy L3 measurement gaps. A single measurement gap is configured. Then both L3 measurement and L1 measurement are competing the measurement gaps. Then how the measurement gaps are shared for L1 measurements and L3 measurements, maybe including positioning measurements etc., should be studied in RAN4 firstly. The existing framework of L1 measurement requirements and L3 measurement requirements could be changed. It would take RAN4 a lot of efforts to decide the mechanism and define corresponding requirements.
Option 2: Dedicated L1 measurement gaps for L1 measurements. At least two measurement gaps should be configured for UE to perform L1 measurements and L3 measurements. Then the UE is required to support concurrent measurement gaps essentially. Moreover, the outcome of R17 multiple and concurrent gaps cannot be used directly for L1 measurements. Still, further study is needed and new requirements with big changes compared to existing requirements are expected.
In addition, there could be issue of serving cell timing measurements for both of the two options. The UE transmit timing requirements are based on availability of SSB at least with 160ms period. When measurement gap is configured, the gap periodicity could be configured as 160ms. There could also be other inter-frequency measurements with gap on multiple frequency layers being configured. In these cases, UE could not meet timing tracking requirements as SSB would not be available during 160ms due to gap would be used for measurements on other frequency layers. Otherwise, measurement delay requirements for inter-frequency layers may not be met.
With aforementioned analysis, it can be drawn that it may be feasible for UE to support FG 6-1a by configuring measurement gaps for the UE. However, further study is needed to confirm the feasibility, configuration/scheduling restrictions at the NW side and big changes on the requirements are expected.
Proposal 3: For UE supporting bwp-WithoutRestriction, it is feasible, at least for some of the cases, for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided measurement gaps are configured for the UE to perform L1 measurements.
Proposal 4: Further study is needed in RAN4 on measurement gaps based L1 measurements.

2.3 UE working with redundancy hardware
In Rel-16, UE capability of NeedForGapsInfoNR was introduced.
	The IE NeedForGapsInfoNR indicates whether measurement gap is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured.


Furthermore, NeedForGapsIntraFreq indicates the measurement gap requirement information for NR intra-frequency measurement. 
	servCellId
Indicates the serving cell which contains the target SSB (associated with the initial DL BWP) to be measured. 
gapIndicationIntra
Indicates whether measurement gap is required for the UE to perform intra-frequency SSB based measurements on the concerned serving cell. Value gap indicates that a measurement gap is needed if any of the UE configured BWPs do not contain the frequency domain resources of the SSB associated to the initial DL BWP. Value no-gap indicates a measurement gap is not needed to measure the SSB associated to the initial DL BWP for all configured BWPs, no matter the SSB is within the configured BWP or not.


In our view, if UE indicates a measurement gap is not needed for intra-frequency measurement on SSB outside BWP, it also implies a measurement gap is also not needed for L1 measurement based on the SSB outside BWP. Consequently, there will be no impact on data scheduling due to L1 measurement on SSB outside BWP as UE may use redundant RF chain for L1 measurement. There may be interruptions due to tuning on/off of the redundant RF chain. However, it is up to RAN4 discussion how the relevant requirements are specified. This can be considered another possible UE implementation Alt 3a.
If UE indicates a measurement gap is needed, then it falls back to Alt 2.
Proposal 5: For UE supporting bwp-WithoutRestriction, it is feasible for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided UE additionally indicates no-gap via NeedForGapsIntraFreq.
Proposal 5a: A measurement gap for L1 measurement should be configured, provided UE additionally indicates gap via NeedForGapsIntraFreq.

In Rel-17, UE capability of NeedForGapNCSG-InfoNR was introduced.
	The IE NeedForGapNCSG-InfoNR indicates whether measurement gap or NCSG is required for the UE to perform SSB based measurements on an NR target band while NR-DC or NE-DC is not configured.


Furthermore, intraFreq-needForNCSG indicates the measurement gap and NCSG requirement information for NR intra-frequency measurement.
	servCellId
Indicates the serving cell which contains the target SSB (associated with the initial DL BWP) to be measured.
gapIndicationIntra
Indicates whether measurement gap or NCSG is required for the UE to perform intra-frequency SSB based measurements on the concerned serving cell. Value gap indicates that a measurement gap is needed if any of the UE configured BWPs do not contain the frequency domain resources of the SSB associated to the initial DL BWP. Value ncsg indicates that a NCSG is needed if any of the UE configured BWPs do not contain the frequency domain resources of the SSB associated to the initial DL BWP. Value nogap-noncsg indicates that neither a measurement gap nor a NCSG is needed to measure the SSB associated to the initial DL BWP for all configured BWPs, no matter the SSB is within the configured BWP or not.


In our view, if UE indicates a measurement gap is not needed for intra-frequency measurement on SSB outside BWP via intraFreq-needForNCSG by indicating “nogap-noncsg”, it also implies a measurement gap is not needed for L1 measurement based on SSB outside BWP. Consequently, there will be no impact for data scheduling due to L1 measurement on SSB outside BWP as UE may use redundant RF chain for L1 measurement and the redundant RF chain may be always on or may be retuned on during time that do not cause interruption. This can also be considered one another possible UE implementation Alt 3b. Depending on the potential requirements for Alt 3a/3b, the two UE implementations could be the same.
If UE indicates a measurement gap is needed via intraFreq-needForNCSG by indicating “gap” or “ncsg”, then it falls back to Alt 2. If “ncsg” is indicated, then the measurement gap for L1 measurement in Alt 2 should be NCSG gap pattern.
Proposal 6: For UE supporting bwp-WithoutRestriction, it is feasible for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided UE additionally indicates nogap-noncsg via intraFreq-needForNCSG.
Proposal 6a: A measurement gap for L1 measurement would be configured, provided UE additionally indicates gap via intraFreq-needForNCSG.
Proposal 6b: A NCSG gap for L1 measurement would be configured, provided UE additionally indicates gap via intraFreq-needForNCSG.

2.4 UE performing RF retuning
[bookmark: _Hlk110244781]To support FG 6-1a, one another alternative implementation (Alt 4) would be that UE conducts L1 measurements on the SSB that is outside the active BWP by retuning RF. Obviously, it will cause a lot of interruptions due to L1 measurements, including RLM/BFD/CBD/L1-RSRP and DL timing tracking. For UE implementation Alt 1, no interruptions on any serving cells except scheduling restrictions. For UE implementation Alt 2, NW knows the UE can be scheduled outside of measurement gaps. However, for Alt 4, the NW would have to not schedule the UE on all the L1 reference signals and adjacent OFDM symbols for RF retuning, even if some of the L1 reference signals are not used for L1 measurement by the UE. We see it could cause significant system performance loss due to short periodicity of L1 reference signals. 
Proposal 7: For UE supporting bwp-WithoutRestriction, it is not considered that L1 measurements on reference signals (SSB) outside the active BWP are conducted by RF retuning.

In summary, Alt 1 is straightforward implementation with minimum spec changes. Alt 2 can work but further study in RAN4 is needed and big changes on requirements and signalling are expected. Alt 3a/3b is also possible implementation with minimum spec changes. Alt 4 is not feasible to some extent.

2.5 Reply LS
Then, regarding the questions in the LS [1] on performing BM/RLM/BFD for UE supporting BWP operation without SSB, it is discussed as follows.
	Question 1:
Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.



Firstly, SSB block based RLM is mandatory feature according to TS 38.822. 
From RAN4 perspective, we don’t think it is valid scenario that the UE does not perform BM/RLM/BFD. Otherwise, the radio link could be getting worse and it is unknown to NW. The communication between NW and UE are not guaranteed. The spectrum resources could be wasted due to scheduling the UE when the radio link already getting worse. 
From existing RRM requirement perspective, RLM/BFD/CBD/BM measurement are all performed on the RS resources within the active BWP. RAN4 reached agreements in the last meeting to inform RAN2 that RAN4 requirements are defined only for the case when the target RS (SSB or CSI-RS) to perform BM/RLM/BFD is contained within the UE active BWP and further study the feasibility of performing BM/RLM/BFD is NOT contained within the UE active BWP. The L1 measurements, including BM/RLM/BFD are necessary regardless of whether or not the reference signal SSB for L1 measurements are contained in the UE active BWP or not.
Answer to Q1: It is NOT valid scenario in the standard that the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.

	Question 2:
If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.



Following three mechanisms were discussed in RAN4. 
· Alt 1: UE uses larger CBW than active BWP so that SSB can be included in the UE working channel bandwidth.
· Alt.2: Measurement gap(s), including NCSG, are configured for the UE to perform L1 measurements.
· Alt 3: UE conducts L1 measurements with redundant RF chain
· Alt.3: UE conducts L1 measurements on the SSB that is outside the active BWP by RF retuning.
Alt 1 is straightforward implementation with minimum spec changes. Alt 2 can work but further study in RAN4 is needed and big changes on requirements and signalling are expected. Alt 3a/3b is also possible implementation with minimum spec changes. Alt 4 is not feasible to some extent.

Answer to Q2: There are three alternatives that UE can be used to perform BM/RLM/BFD when the active BWP does not contain SSB.
· [bookmark: _Hlk111066734]Alt 1. UE works in a larger bandwidth than active BWP so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Minimum spec changes, which would be applicability of requirements mainly, are expected.
· Alt 2. UE is provided measurement gaps, including NCSG gap pattern, to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Further study and evaluation are needed. Big impacts to spec, including requirements and signaling, are expected.
· Alt 3. UE uses redundant RF chain to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Measurement requirements need to be studied and specified in RAN4.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided our views on BWP operation without bandwidth restriction for legacy normal UE. Based on analysis following observations are present.
Proposal 1: For UE supporting bwp-WithoutRestriction, it is feasible for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided the UE is working in a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
Proposal 2: Expected changes to RRM requirements for UE supporting bwp-WithoutRestriction could be as follows.
· The UE is required to perform L1 measurements (RLM/BFD/CBD/L1-RSRP/downlink timing tracking) when reference signals (SSB) are not contained with active BWP.
· Measurement restriction requirements for L1 measurements with reference signals (SSB) within active BWP are also applicable to when reference signals (SSB) are not contained with active BWP.
· Scheduling restriction requirements for L1 measurements with reference signals (SSB) within active BWP are also applicable to when reference signals (SSB) are not contained with active BWP.
· No interruptions are allowed for UE to perform layer measurements when reference signals (SSB) are not contained with active BWP.
Proposal 3: For UE supporting bwp-WithoutRestriction, it may be feasible, at least for some of the cases, for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided measurement gaps are configured for the UE to perform L1 measurements.
Proposal 4: Further study is needed in RAN4 on measurement gaps based L1 measurements.
Proposal 5: For UE supporting bwp-WithoutRestriction, it is feasible for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided UE additionally indicates no-gap via NeedForGapsIntraFreq.
Proposal 5a: A measurement gap for L1 measurement should be configured, provided UE additionally indicates gap via NeedForGapsIntraFreq.
Proposal 6: For UE supporting bwp-WithoutRestriction, it is feasible for the UE to perform L1 measurements, including RLM/BFD/CBD/L1-RSRP measurements, when reference signals which should be SSB in the context of RAN2 LS are outside the active BWP, provided UE additionally indicates nogap-noncsg via intraFreq-needForNCSG.
Proposal 6a: A measurement gap for L1 measurement would be configured, provided UE additionally indicates gap via intraFreq-needForNCSG.
Proposal 6b: A NCSG gap for L1 measurement would be configured, provided UE additionally indicates gap via intraFreq-needForNCSG.
Proposal 7: For UE supporting bwp-WithoutRestriction, it is not considered that L1 measurements on reference signals (SSB) outside the active BWP are conducted by RF retuning.

Reply LS:
Answer to Q1: It is NOT valid scenario in the standard that the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Answer to Q2: There are two alternatives as follows that UE can be used to perform BM/RLM/BFD when the active BWP does not contain SSB.
Answer to Q2: There are three alternatives that UE can be used to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Alt 1. UE works in a larger bandwidth than active BWP so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Minimum spec changes, which would be applicability of requirements mainly, are expected.
· Alt 2. UE is provided measurement gaps, including NCSG gap pattern, to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Further study and evaluation are needed. Big impacts to spec, including requirements and signaling, are expected.
· Alt 3. UE uses redundant RF chain to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Measurement requirements need to be studied and specified in RAN4.
A draft Reply LS is provided in Annex.
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1. Overall Description:
RAN4 thanks RAN2 for the LS on BWP operation without bandwidth restriction. 

RAN4 has discussed BWP operation without bandwidth restriction and reached following conclusion. 
Question 1: Whether it is a valid scenario in the standard to support the operation of BWP without SSB where the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.
Answer: It is NOT valid scenario in the standard that the UE does not perform BM/RLM/BFD due to the lack of necessary reference signal (SSB and CSI-RS) in the active BWP.

Question 2: If the answer to question 1 is that this is not valid, how should the UE perform BM/RLM/BFD when the active BWP does not contain SSB.
Answer: There are three alternatives as follows that UE can be used to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Alt 1. UE works in a larger bandwidth than active BWP so that SSB can be included in the UE working channel bandwidth, which could be either the configured UE carrier channel bandwidth or a larger channel bandwidth that includes bandwidth of both active BWP and SSB.
· Minimum spec changes, which would be applicability of requirements mainly, are expected.
· Alt 2. UE is provided measurement gaps, including NCSG gap pattern, to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Further study and evaluation are needed. Big impacts to spec, including requirements and signaling, are expected.
· Alt 3. UE uses redundant RF chain to perform BM/RLM/BFD when the active BWP does not contain SSB.
· Measurement requirements need to be studied and specified in RAN4.
· Under certain cases, the UE may fall back to Alt 1 or Alt 2.

Additionally, RAN4 requirements are defined only for the case when the target RS (SSB or CSI-RS) to perform BM/RLM/BFD is contained within the UE active BWP. To support the operation of BWP without SSB, new requirements or applicability of existing requirements to new use cases are to be specified.


2. Actions:
To: RAN WG1
ACTION: 	RAN4 kindly asks RAN2 to take the above RAN4 agreements into account in the future work.
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