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1. Introduction
In the RAN#97 meeting, following is endorsed as conclusion of email discussion [97e-05-BWP-WithoutRestriction] [1]. 
	Conclusion:
· No new solution for FG 6-1a shall be added to Rel-17
· If CSI-RS based RLM/BM/BFD are supported by a UE, FG6-1a can work without any issue. FG1-7 (CSI-RS based RLM) and FG 2-24 (SSB/CSI-RS for beam measurement) are mandatory with capability signalling features.
· No change to TU allocation for current RAN4 work in Q4 2022. 
· RAN asks RAN 4 to do a high level analysis of the options (copied below) in RAN 4’s answer to Q2 in RP-221911 and report it to RAN#98 for RAN decision.
Options from RP-221911:
a) Perform BM/RLM/BFD based on CSI-RS within active BWP
b) Perform BM/RLM/BFD based on SSB outside active BWP
i)  UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped 
    with a separate RF chain
ii)  BM/RLM/BFD on SSB outside BWP are performed with shared MG or NCSG for L3 measurement, or
    dedicated MG or NCSG for RLM/BFD/BM measurements.
c) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD


In the RAN4#104-bis-e meeting, RAN4 had discussions on the high-level analysis on options for BWP operation without restriction. Following agreements were reached and captured in the WF [2].
	·  Agreements
· RAN4 works on the below aspects/criteria for highest-level analysis on options for UE performing RLM/BFD/BM when CD-SSB is outside active BWP
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
<Agreement >:
Options from RP-221911 are further split as below for high-level analysis.
· Option A) Perform BM/RLM/BFD based on CSI-RS within active BWP
· Option B) Perform BM/RLM/BFD based on SSB outside active BWP
· Option B-1) UE’s capability not requiring additional measurement gap for BM/RLM/BFD
· Option B-1-1) Using larger BW covering SSB outside active BWP without interruptions
· Option B-1-2) Using larger BW covering SSB outside active BWP with interruptions
· Option B-1-3) Using a separate RF chain without interruptions
· Option B-1-4) Using a separate RF chain with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
· Option B-2-1) Shared MG or NCSG for RLM/BFD/BM and L3 measurement
· Option B-2-2) Dedicated MG or NCSG for RLM/BFD/BM measurements
· Option C) NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
Agreement: 
· Framework wise option 3 is agreed to be used for Issue 1-1-3-1, Issue 1-1-3-2, Issue 1-1-3-3, Issue 1-1-3-4 as baseline to develop high-level analysis for options for BWP operation without restrictions in Rel-18 for the report to RAN plenary.
· Note: How the high-level analysis is structured/formulated in the reply LS can be further discussed.
· The contents in the current table in option 3 are for information; and further technical input is expected in the next meeting from companies


For option 3, it is captured in the WF [2] as follows.
· Option 3: Combination of option 1 and option 2. 
· Note 1: The table below is framework for high-level analysis. The contents in the table are as example for information.
· Note 2: For technical analysis, option 1 can be used as starting point.
· Note 3: For summary, option 2 can be used as starting point.
In this contribution, we provide our views on high-level analysis based on option 3, and on other open issues in the WF.
2. Discussion
[bookmark: _Hlk73468315]2.1 High-level analysis
RAN tasks RAN4 to provide high level analysis on the three options. It was agreed in the last RAN4 meeting that analysis can be performed from following aspects/criteria.
· RRM requirements impact (Spec impact) / workload in RAN4
· Mobility performance impact
· Throughput impact (Data interruption)
· UE power consumption / UE complexity
In [2], detailed technical analysis for different options for BWP operation without restriction was provided. It is not repeated in this contribution. The analysis is summarized in Table 1 below.
Proposal 1: Table 1 is used for high-level analysis of options for BWP operation without restriction and report to RAN plenary.
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Table 1. High-level analysis of options for BWP operation without restriction
	
	
	Option A)
	Option B-1)
	Option B-2)
	Option C)

	RRM requirements impact
/
Workload in RAN4
	Technical analysis
	· CSI-RS based RLM/BFD/BM requirements are already specified.
· Timing requirements based on SSB outside active BWP need further discussion.
· Specify new conditions, or
· Specify new timing requirements based on other reference signals
	For Option B-1) series
· Applicability of existing requirements for SSB based RLM/BFD/BM measurement, including applicability of measurement restrictions and scheduling restrictions, need to be specified. 
Additionally:
For Option B-1-1)
· No interruption is allowed.
For Option B-1-2)
· Interruption requirements need to be developed additionally to allow UE for switching.
For Option B-1-3)
· No interruption is allowed.
For Option B-1-4)
· Interruption requirements need to be developed to allow UE for turning on/off vacant/separate RF chains
Note: For Option B-1-3) and Option B-1-4), UE May need to fallback to larger BW when there is no vacant/separate RF available under certain band combinations
	New requirements should be developed for the gap sharing mechanism.
· Requirements for gap-based RLM
· Requirements for gap-based BFD
· Requirements for gap-based BM
· CCSF for measurements within gaps
Additionally:
For Option B-2-1)
· Gap sharing mechanism for L1 measurements and L3 measurements.
For Option B-2-2)
· Gap collision handling between L1 gap and L3 gap

	· Applicability of existing requirements based on CD-SSB (SSB in existing requirements), i.e., existing SSB based RLM/BFD/BM requirements and timing requirements is applicable to NCD-SSB

	
	Summary
	Low to Medium
	For Option B-1-1) and Option B-1-3): Low
For Option B-1-2) and Option B-1-4): Medium to High

	High
	Low

	Mobility performance impact
	Technical analysis
	· Intra-frequency RRM measurement is performed within gap
Note: L3 Intra-frequency measurement is based on CD-SSB outside active BWP.
	· Intra-frequency measurement is performed without gap
	Option B-2-1)
· Intra-frequency measurement is performed within gap
· gap is shared between L3 measurements and L1 RLM/BFD/BM measurements. 
Option B-2-2)
· Intra-frequency measurement is performed within gap
· gap could be collided with L1 gap for RLM/BFD/BM measurements and may be dropped. 
	· Intra-frequency measurement is performed without gap

	
	Summary*
	Minor
	None

	For Option B-2-1): Medium
For Option B-2-2): Medium
	None

	Throughput impact
/
Data interruption
	Technical analysis
	· As measurement gap for intra-frequency measurement needs to be configured, UE cannot be scheduled during measurement gap.
	· As gap is not needed for intra-frequency measurement, UE can always be scheduled 
Additionally,
For Option B-1-2) and Option B-1-4)
· Interruptions would cause throughput loss.
	Option B-2-1)
· UE cannot be scheduled within gap.
· UE can be scheduled within ML for NCSG gap.
Option B-2-2)
· UE cannot be scheduled within gap for L1 and L3 measurements.
· UE can be scheduled within ML of NCSG gap for L1 measurements.
	· UE can always be scheduled.

	
	Summary**
	Medium
	Option B-1-1) and Option B-1-3): None
Option B-1-2) and Option B-1-4): Low to Medium
	Option B-2-1): Medium
Option B-2-2): High
	None

	
	
	None
	Option B-1-1) and Option B-1-3): None
Option B-1-2) and Option B-1-4): Low to Medium
	Option B-2-1): None
Option B-2-2): Medium
	None

	UE power consumption
/
UE complexity
	Technical analysis
	· UE works in active BWP. 
· No RF retuning is needed for CSI-RS based RLM/BFD/BM.
· RF retuning is needed for intra-frequency RRM measurement in gap
	For Option B-1-1)
· UE works in larger BW than active BWP. 
· No RF retuning is needed for SSB based RLM/BFD/BM measurement.
· No RF retuning is needed for intra-frequency measurement
For Option B-1-2)
· UE works in larger BW than active BWP. 
· RF retuning is needed for UE to switch between larger BW and active BWP for SSB based RLM/BFD/BM measurement.
· No RF retuning is needed for intra-frequency measurement
For Option B-1-3)
· UE works in active BWP.
· UE needs to always turn on vacant/separate RF chain for RLM/BFD/BM measurements and intra-frequency measurement
· UE need to fallback to larger BW when there is no vacant/separate RF available under current band combination
For Option B-1-4)
· UE works in active BWP
· UE needs to periodically turn on vacant/separate RF chain for RLM/BFD/BM measurements and intra-frequency measurement
· UE need to fallback to larger BW when there is no vacant/separate RF available under current band combination
	· UE works in active BWP.
· RF retuning is needed for SSB based RLM/BFD/BM measurement in gap.
· RF retuning is needed for intra-frequency RRM measurement in gap.
	· UE works in active BWP 
· No RF retuning is needed for SSB based RLM/BFD/BM measurement in gap.
· No RF retuning is needed for intra-frequency measurement

	
	Summary
	Low to medium
	For Option B-1-1) and Option B-1-3): High
For Option B-1-2) and Option B-1-4): Medium
	Low to medium
	Low



*Note 1: Baseline for analysis and comparison of mobility performance impact
· Intra-frequency measurement without gap is baseline
**Note 2: Baseline for analysis and comparison of throughput impact
· Baseline 1: no gap is needed/configured for measurement (upper row)
· Baseline 2: gap is already configured for inter-frequency/inter-RAT measurement (lower row)

There are two issues that need further discussion. One is about how UE could meet timing requirements when SSB is outside active BWP.
	Issue 1-1-4: Considerations for option A
· Proposals
· Option 1 (Intel): 
· RAN4 to discuss the necessity of “Introduction of timing requirements based on CSI-RS” to meet the existing UE transmit error requirements for FG 6-1a support with CSI-RS based solution.
· Option 2 (CMCC, Apple, CATT, Ericsson, MTK, OPPO): 
· Existing specs can support CSI-RS based BM/RLM/BFD within active BWP. No additional work is required.
· Option 3 (Spreadtrum): 
· CSI-RS for TRS might be required for time and frequency tracking in the case of SSB outside active BWP.
· Option 4 (vivo, Qualcomm, Spreadtrum): 
· For a UE supporting FG 6-1a bwp-WithoutRestriction to perform CSI-RS based RLM/BFD/BM, it needs further discussion how UE can meet timing requirements when SSB is outside active BWP.


According to existing requirements, 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. In our understanding, the requirements were only specified for UE supporting FG6-1 that there should be SSB within active BWP. For UE supporting FG 6-1a, when CD-SSB is not in the active BWP, measurement gap should be configured for intra-frequency and serving cell measurement. Some UEs may use measurement gap to acquire DL timing together with L3 intra-frequency measurement. For example, for RedCap UE which the supported maximum bandwidth is 20MHz, it was agreed that when SSB is not within the active BWP measurement gap should be configured. However, no similar conditions are specified in existing timing requirements for normal UE. Moreover, even if measurement gap is configured, e.g., for intra-frequency measurement, the gap periodicity could be configured as 160ms, or periodicity of SSB itself could be 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 that gap would be used for measurements on other frequency layers. Otherwise, measurement delay requirements for inter-frequency layers may not be met.
The issue was also raised for RedCap and discussed in the last RAN4 meeting. In email summary [3], following issue were discussed. But no consensus was reached.
	Issue 3-1-2: Timing requirements when SSB is not in the active BWP
· Proposals
· Option 1: Existing Tx timing requirements are reused for the scenario of active BWP without SSB and need for measurement gap for monitoring CD-SSB in case of MG sharing and large MGRP/SMTC under the condition that UE prioritizes SSB measurement for obtaining reference timing of the serving cell over other configured measurements.

· Option 2:	 UE shall meet UL Tx timing accuracy requirement based on intra-freq reference SSB outside active BWP if max (MGRP, SMTC period) x CSSFintra_RedCap <= 160 ms.


There were different interpretations of the requirements. 
There was view that the Te requirements is only for initial transmissions. In our view timing requirements Te is not only for initial timing transmission, but also for subsequent transmission, which is based on gradual timing adjustment procedure. To meet gradual timing adjustment requirements, UE needs to track DL timing periodically, e.g., 160ms or 200ms based on existing requirements.
There was also view 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. If this is the common understanding, the requirements itself should be okay. However, it is better to have clarification on the SSB availability, e.g., it is depending on many factors as listed above, in the specification.
Observation 1: At least clarification on the SSB availability in the existing requirements is needed. 
Observation 2: For option A, if no new solution is introduced for UE to track downlink timing when SSB is outside BWP, network configuration flexibility will be compromised.
As for new solution, using TRS/CSI-RS for downlink timing tracking was proposed in the last meeting. It is new solution and is not very aligned with existing timing requirements. We discussed this before in RedCap WI. The understanding was that it would take long discussions in RAN4 to define the requirements.
Observation 3: Introducing new solution for timing requirements based on CSI-RS/TRS would take long discussions.
Proposal 2: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform CSI-RS based RLM/BFD/BM, it needs further discussion how UE can meet timing requirements when SSB is outside active BWP. At least clarification on the SSB availability is needed in the specification.

The other issue is about options of UE using vacant RF chain.
It is not expected that UE is equipped with a dedicated separate RF chain on all the bands supported by UE for performing RLM/BFD/BM measurements based on SSB outside active BWP. Indeed, similar procedures as for NeedForGapsInfoNR and/or NeedForGapNCSG-InfoNR should be baseline, i.e., UE should report whether measurement gaps are needed (implying whether a vacant/separate RF chain is available) for the concerned serving cell or target/supported NR band after RRCReconfiguration. With this baseline, there could be cases that no vacant/separate RF chain is available for some of the serving cell or NR band based on current RRC Reconfiguration. Thus, UE may still need to rely on large BW to cover these cases where vacant/separate RF chain is not available.
Observation 4: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP by using vacant/separate RF chain, it is not expected that UE is equipped with a dedicated RF chain on all the supported bands. 
Observation 5: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP by using vacant/separate RF chain, it may still need to rely on large BW to cover those cases where vacant/separate RF chain is not available. 

2.2 Down-selection of options
There were proposals and discussions on which new solution(s) should be considered in Rel-18. Following proposals were captured in the WF [1].
	Issue 1-2-1: Which new solution(s) are down-selected to be supported in Rel-18
· Proposals
· Option 1 (Qualcomm, Vodafone, CMCC, Ericsson, Nokia): 
· Option B-1 is feasible, i.e. L1 measurements (RLM/BM/BFR) outside active DL BWP are feasible without measurement gap and interruptions
· A new UE capability for Option B-1 can be introduced, e.g.
	Capability-x-y-z
Indicates support of SSB-based RLM, SSB-based BFD (if supported), SSB-based CBD (if supported), and SSB-based L1-RSRP/L1-SINR measurement (if supported) using SSB that is outside active DL BWP. The SSB is still within the bandwidth of the configured UE-specific carrier. The UE supporting this Capability-x-y-z shall also support bwp-WithoutRestriction.
	Band
	No
	N/A
	N/A


· Expected specification changes are expected minimal and limited to TS38.300, TS38.213, and TS38.133.
· Option 2 (OPPO): 
· Any solution is not precluded at this stage, and support to discuss in R18 FeRRM WI
· Option 3 (CATT): 
· It is typical case that a Rel-18 UE already support FG1-7 and 2-24, so Option a) which does not require any specification effort is generally preferable.
· If Option A is not sufficient in Rel-18, RAN4 can further discuss the extension of NCD-SSB to non-Redcap Ues in Rel-18. Requirements for Rel-17 Redcap Ues can be taken as a starting point.
· Option 4 (Apple, OPPO, MTK):
· RAN4 shall rely on CSI-RS based approach in R17.
· 3GPP can consider studying the following solutions in R18 RRM enhancement.
· Perform BM/RLM/BFD based on SSB outside active BWP
· UE’s capability to operate using larger BW covering SSB outside active BWP, or a UE that is equipped with a separate RF chain
· BM/RLM/BFD on SSB outside BWP are performed with shared MG or NCSG for L3 measurement, or dedicated MG or NCSG for RLM/BFD/BM measurements. 
· NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible with existing RAN4 specifications for BM/RLM/BFD
· Option 5 (Spreadtrum, vivo, CMCC):
· NCD-SSB is used for the UEs to support” FG 6-1a BWP without restriction”
· Option 6 (MTK):
· RAN4 suggest ranking the methods under study from the best option to the worst option as:
1. Perform BM/RLM/BFD based on CSI-RS within active BWP.
2. NCD-SSB approach which would work with existing UE hardware architectures (FG6-1) and be compatible.
3. Perform BM/RLM/BFD based on SSB outside active BWP:
a. Using Legacy rel-15/rel-16 MG.
b. Using NCSG.
c. Enlarge BW or using additional RF.
· Option 8 (Huawei):
· Further consider option b-ii) and option c) for bwp-WithoutRestriction in Rel-18.
· Option b-ii): there is no CD- or NCD-SSB in the active BWP, and UE measures SSB outside BWP for RLM/BFD/BM, and gap or interruption is allowed for RF re-tuning.
· Option c): there is no CD-SSB in the active BWP, and NW configures NCD-SSB within active BWP for UE to perform RLM/BFD/BM.



In our view, the first priority is to provide high-level analysis on all options for BWP operation without restriction. Based on summary of high-level analysis, RAN4 can try to make progress by down-selection of the options.
Based on summary of high-level analysis in Table 1, we think following three options may be removed from the candidate solutions.
· Option B-1-3) Using a separate RF chain without interruptions
· Option B-1-4) Using a separate RF chain with interruptions
· Option B-2) BM/RLM/BFD on SSB outside BWP within measurement gaps
Proposal 3: -	Option B-1-3), Option B-1-4) and Option B-2 may be removed from candidate options for BWP operation without restriction in Rel-18.

3. Summary
In this contribution, we presented our views and high-level analysis in Table 1 for different options. Based on above analysis, following proposals and observations are present.
Proposal 1: Table 1 is used for high-level analysis of options for BWP operation without restriction and report to RAN plenary.
Proposal 2: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform CSI-RS based RLM/BFD/BM, it needs further discussion how UE can meet timing requirements when SSB is outside active BWP. At least clarification on the SSB availability is needed in the specification.
Proposal 3: Option B-1-3), Option B-1-4) and Option B-2) may be removed from candidate options for BWP operation without restriction in Rel-18.
Observation 1: At least clarification on the SSB availability in the existing requirements is needed. 
Observation 2: For option A, if no new solution is introduced for UE to track downlink timing when SSB is outside BWP, network configuration flexibility will be compromised.
Observation 3: Introducing new solution for timing requirements based on CSI-RS/TRS would take long discussions.
Observation 4: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP by using vacant/separate RF chain, it is not expected that UE is equipped with a dedicated RF chain on all the supported bands. 
Observation 5: For a UE supporting FG 6-1a bwp-WithoutRestriction to perform RLM/BFD/BM based on SSB outside active BWP by using vacant/separate RF chain, it may still need to rely on large BW to cover those cases where vacant/separate RF chain is not available. 
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