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Introduction
RRM requirements for BWP without restriction are discussed in RAN4#108, and outcomes are captured in WF [1]. Based on [1] RRM requirements for different options for supporting BWP without restriction need to be further discussed.
· Option A
· Option B-1-1
· Option C
· Option B-1-2
In this paper we will provide our views on RRM requirements for different options for supporting BWP without restriction.
Discussion
Option A
	Issue 2-2: Any clarification on existing timing requirements when CD-SSB is outside active BWP
· Option 1: 
· No clarification on existing timing requirements when CD-SSB is outside active BWP is needed
· Option 2: 
· In Rel-18, it is clarified in clause 7.1.2 by adding one sentence “the SSB is within the channel BW of the UE”.


We support option 1.
The current UE timing requirements are defined based on the assumption that SSB is used for time tracking. The question is then whether and how UE could meet the timing requirements when no SSB is contained in the active BWP. Two options have been discussed in earlier RAN4 meeting:
· Alt a: UE uses TRS for time tracking
· Alt b: UE uses MG to access SSB outside active BWP for time tracking
· Alt c: UE access SSB outside active BWP without MG for time tracking
In our view, all the options can work, and which option to use can depend on NW and UE implementation.
It is true that the current UE timing requirements are defined based on SSB, but it does not mean other signals cannot be used for time tracking and enable UE to meet the current requirements. Based on cl. 5.1.6.1.1 of 38.214, the BW of TRS is larger than SSB and the periodicity of TRS is no larger than 80ms. As such we do not see any issue for UE to meet the current timing requirements based on TRS.
Alt b and c are also feasible. Alt b requires NW to configure a MG for UE to meet the timing requirements. For RedCap this may not be an issue as in most cases UE would need MG to perform intra-frequency measurement, but for normal UE this may be unnecessary. For example, some UEs may support intra-frequency measurement on SSB outside BWP with NCSG/interruption or without any interruption, and this leads to Alt c. 
For Alt a, based on cl. 5.1.6.1.1 of 38.214, NW would always configure TRS to UE. 
	[bookmark: _Hlk513060382]A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.


For Alt b and c, NW would ensure UE can perform intra-frequency measurement for the serving cell, with or without configuring MG, depending on UE capability, and this is up to NW implementation.
As such, we think the spec support for option A is complete, and no additional RAN4 work is needed.
Proposal 1: No clarification on existing timing requirements for option A is needed.
Option B-1-1
	Issue 3-3: Clarification on existing timing requirements for supporting Option B-1-1
· Option 1: 
· Follow conclusion of issue 2-2 (agreements in the last meeting).
· Option 2: 
· No clarification is needed for the UE to meet the existing UE transmit timing requirements (section 7.1 of TS 38.133) when performing BM/RLM/BFD according to option B-1-1


We support option 1, which is technically same as option 2 based on our Proposal 1.
For both option A and B-1-1, from timing perspective, the issue is same that SSB is outside active BWP, so it is reasonable to apply the same conclusion regarding whether and how to make clarification in spec.
Proposal 2: On clarification on existing timing requirements for option B-1-1, follow the conclusion for option A.
	Issue 3-4: Clarification/modification on requirements for intra-frequency measurements without gaps requirements for supporting option B-1-1
· From RAN4 perspective same UE feature group can be used for support of Option B-1-1 RLM/BFD/BM and L3 intra-frequency measurements
· For UE capable of supporting Option B-1-1, the requirements in section 9.2.5 for Intra-frequency measurements without measurement gaps are applicable if CD-SSB is within the channel bandwidth of the UE.
· Note: additional conditions can be considered subject to RAN1 agreements
· FFS:  How would UE report NeedForGap/NeedForGapNCSG with ‘no-gap’ for intra-frequency measurement when supporting of option B-1-1 is indicated already?


If UE supports option B-1-1 for a serving cell, it means UE can perform L3 intra-frequency measurement for the serving cell without MG nor interruption. At same time, UE may report NFG/NCSG capability for the serving cell, if UE supports NFG/NCSG and NW requests UE to report. It is unreasonable that the UE reports it needs interruption/NCSG or MG for the intra-frequency measurement, as it is conflicting with the B-1-1 capability and cause confusion to NW, i.e. NW cannot determine if it should configure NCSG or MG or consider the interruption for the intra-frequency measurement.
To align the measurement capability for a serving cell, we suggest to define the relation between B-1-1 capability and NFG/NCSG capability that if a UE indicates support of B-1-1 for a serving cell, and if applicable, it should indicate below for the intra-frequency measurement on the serving cell.
-	‘nogap-noncsg’ via NeedForGapNCSG-InfoNR
-	‘no-gap-no-interruption’ via NeedForInterruptionInfoNR
Proposal 3: If UE indicates support of B-1-1 for a serving cell, it should indicate 
· ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR
· ‘no-gap-no-interruption’ via NeedForInterruptionInfoNR
for the intra-frequency measurement on the serving cell, if applicable.
Option C
	Issue 4-6: SSB configuration for UE supporting option C
· FFS: 
· For a non-RedCap UE supporting Option C, the Rel-17 NCD-SSB based L3 measurement and mobility requirements are adopted. When the UE is in a CA mode, a measurement resource on an SCell is assumed as below depending on the state of the cell:
· When the SCell is deactivated
· CD-SSB indicated by servingCellMO in ServingCellConfig.
· During SCell activation
· NCD-SSB in the first active BWP for AGC/time/freq tracking, etc.
· When the SCell is activated and the first active BWP is in a dormant state
· NCD-SSB in the first active BWP for L1 and L3 measurements


For UE supporting option C and configured with CA, it is possible that NCD-SSB is configured for SCell. It is meaningful to define the assumptions on SSB used for SCell operations for Option C, which was not discussed for RedCap UE.
In our view, the proposed assumptions are all reasonable except that some clarification is needed for the last bullet. For SCell in dormancy, the SCell state is still activated, so it is not accurate to use “dormant state”. Besides, it is the “active BWP” rather than the “first active BWP” that is concerned, i.e. SCell is in dormancy if the active BWP of the SCell is a dormant BWP. When the dormant BWP is active BWP and contains NCD-SSB, UE should use the NCD-SSB, since the SCell is activated and it is no different from the other BWP as active BWP.
Proposal 4: Adopt the following assumptions on SSB used for SCell operations for Option C
· When the SCell is deactivated
· CD-SSB indicated by servingCellMO in ServingCellConfig.
· During SCell activation
· NCD-SSB in the first active BWP for AGC/time/freq tracking, etc.
· When the SCell is activated and the active BWP is a dormant BWP
· NCD-SSB in the active BWP for L1 and L3 measurements
In RAN#101, the WID is updated [2] with the following objective added for option C.
	3) Specify the necessary requirements to support the additional handover cases same as for RedCap (RAN4)
· For Option C
· Specify handover requirements for the additional handover cases based on existing RedCap handover requirements.
Deprioritize the scenarios except for the scenario of handover from NCD-SSB in the active BWP of source cell to NCD-SSB in the active BWP of target cell.
Note: Handover requirements for RedCap UE with 2 Rx antennas are reused as much as possible.


In HO requirements for RedCap, the applicable scenarios are clarified and HO to target cell’s specific RedCap BWP associated with NCD-SSB is supported in addition to HO to target cell’s initial BWP. 
	6.1D.1.1	Introduction
The purpose of NR handover is to change the NR PCell to another NR cell for RedCap UE. The requirements in this clause are applicable to SA NR.
Editor notes: The intra-frequency handover definition of no SSB within the active DL BWP of the serving/target cell is FFS.
Handover for a RedCap UE is defined as intra-frequency handover if the center frequency and subcarrier spacing (SCS) of the reference SSB of the serving cell is same as the center frequency and SCS of the reference SSB of the target cell, where:
· The reference SSB of the serving cell is the SSB in the active DL BWP of serving cell 
· The reference SSB of the target cell is the SSB in the first active DL BWP of the target cell upon reconfiguration.
The requirements in this clause apply for the following handover scenarios:
· Handover to a target cell’s initial DL BWP associated with CD-SSB;
· Handover to a target cell’s Redcap specific DL BWP associated with NCD-SSB.


In the WID it is stated to deprioritize the scenarios except for the scenario of handover from NCD-SSB in the active BWP of source cell to NCD-SSB in the active BWP of target cell. However, it can be seen that the RedCap requirements do not differ whether the SSB in the source cell is CD- or NCD-SSB. 
In our view, making differentiation on the SSB in the source cell means and deprioritizing other scenarios than NCD-to-NCD case means we cannot directly re-use the RedCap requirement, and at same time we are imposing more restrictions on the NW side. 
Since in the WID it is noted that handover requirements for RedCap UE with 2 Rx antennas are reused as much as possible, we suggest to support all HO scenarios involving NCD-SSB (including NCD-to-NCD, NCD-to-CD and CD-to-NCD) and re-use the same requirements from RedCap with 2RX.
Proposal 5: For option C, support all HO scenarios involving NCD-SSB and re-use the same requirements from RedCap.
Option B-1-2
	Issue 5-2a: Interruption length (RF tuning time) for option B-1-2
· Option 1: 
· Interruption length is 0.5ms for FR1 and 0.25ms for FR2. 
· Option 2: 
· Interruption length is 1ms for FR1 and 0.75ms for FR2. 
· Option 3: 
· Interruption length is max (slot length of the cell, 0.5ms) for FR1 and max(slot length of the cell, 0.25ms) for FR2.


Based on our understanding, the interruption length for the RF re-tuning before and after L1 measurement can be limited to 0.5ms for FR1 and 0.25ms for FR2. We suggest to take those values for defining the interruption length requirements.
Proposal 6: Interruption requirements for B-1-2 are defined based on interruption length of 0.5ms for FR1 and 0.25ms for FR2.
	Issue 5-2c: Interruption ratio for option B-1-2
· Option 1: 
· For option B-1-2, the interruption requirements can be defined based on HARQ ACK/NACK loss framework with a maximum missed ACK/NACK rate up to [0.5%]. 
· Option 1a:
· In addition to the maximum length of each interruption, the maximum interruption probability on other active serving cells due to RLM/LRP measurements performed on the serving cell are defined:
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from RLM/BFD measurements on the serving cell shall not exceed 0.5 %.
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from CBD measurements on the serving cell shall not exceed 0.5 %.
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from L1-RSRP/L1-SINR measurements on the serving cell shall not exceed 0.5 %.
· Option 2:
· For UE supporting option B-1-2, the probability of missed ACK/NACK is 1% for ALL RLM/BFM/BM(L1-RSRP/L1-SINR) measurements based on SSB outside active BWP.
· Option 2a:
· The probability of missed ACK/NACK for a UE supporting Option B-1-2, due to interruptions caused by UE performing BM/RLM/BFD measurements based on SSB outside the active BWP, shall not exceed [1.0]%.
· Option 2b:
· In addition to the maximum length of each interruption, the maximum interruption probability on other active serving cells due to RLM/LRP measurements performed on the serving cell are defined:
· The rate of ACK/NACK feedback loss on any other active serving cell resulting from RLM/BFD, CBD and L1-RSRP/L1-SINR measurements on the serving cell shall not exceed 1 %.
· Option 3:
· X%=interruption length * 2 / L1-RS periodicity, where X% is the interruption ratio, interruption length is 0.5ms in FR1 and 0.25ms in FR2, and L1-RS periodicity is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.


We support option 3, which is the same method as adopted for NFG in Rel-18 MG enhancement WI.
In our view, the most important assumption for defining interruption ratio is that UE causes two interruptions per measurement occasion, i.e. one before the measurement and one after. Therefore, the interruption ratio should be depending on the measurement cycle. For example, with 30kHz SCS and 20ms SSB period, the interruption ratio would be (0.5+0.5)/20 = 5%. This allows UE to stay with small BW when not performing the measurement. Assuming 5ms SSB burst duration, this means over a 100ms time period, UE can stay with small BW in 75ms. The proposal to define fixed ratio like 1% means UE is only allowed two RF re-tunings per 100ms, and UE can only stay with small BW in 15ms. There is a big loss in power.
It is noted that the fundamental motivation for BWP without restriction and particularly for B-2-2 is to enable power saving. Defining requirements that requires UE to stay with large BW outside the measurement time is obviously conflicting with the motivation.
Besides, we understand option 3 is for interruption from single serving cell, where the L1 measurement is based on B-1-2. When L1 measurement on multiple serving cells are based on B-1-2, RAN4 should discuss how to define the interruption ratio. One issue is whether UE is required to align the measurement occasions on different serving cells.
Proposal 7: For B-1-2, interruption ratio X% for each applicable serving cell is defined as 
X%=interruption length * 2 / L1-RS periodicity,
where 
· interruption length is in Proposal 6, and 
· L1-RS periodicity is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.
FFS total interruption ratio for all applicable serving cells
	Issue 5-5: RLM/BFD/BM requirements for Option B-1-2
· For a UE capable of supporting Option B-1-2, the UE is allowed to cause interruptions to meet CD-SSB based BM/RLM/BFD requirements if CD-SSB is within the channel bandwidth of the UE but outside of active BWP.
· The interruption requirements are FFS
· If the existing BM/RLM/BFD requirements can be reused is depending on how interruption ratio is defined.
· The requirements are defined based on the assumption that there is no CSI-RS, no NCD-SSB and no CD-SSB configured for RLM/BM/BFD in the active BWP of the corresponding carrier(s) to be measured.
· The applicable conditions are to be updated in requirements in clauses 8.1.1, 8.1.2, 8.5.1, 8.5.2, 8.5.5, 9.5.1, 9.8.1.
· Note: additional conditions can be considered subject to RAN1 agreements


As discussed above, there is inter-dependency between interruption ratio and measurement cycle.
If the interruption ratio is to be defined based on our Proposal 7, then we agree that existing L1 measurement requirements can be re-used. Of course, the interruption ratio can be high in typical cases. Otherwise, if interruption ratio is defined as a fixed value like 1%, then the measurement cycle for the L1 measurement needs to be adapted. This will however increase the L1 measurement delay.
We suggest that RAN4 to consider the L1 measurement requirements and interruption ratio together, and the L1 measurement requirements to be defined after RAN4 concludes on interruption requirement.
Proposal 8: Define L1 measurement requirement after RAN4 concludes on interruption requirement.
Conclusions
In this paper we provided our views on RRM requirements for different options for supporting BWP without restriction.
Proposal 1: No clarification on existing timing requirements for option A is needed.
Proposal 2: On clarification on existing timing requirements for option B-1-1, follow the conclusion for option A.
Proposal 3: If UE indicates support of B-1-1 for a serving cell, it should indicate 
· ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR
· ‘no-gap-no-interruption’ via NeedForInterruptionInfoNR
for the intra-frequency measurement on the serving cell, if applicable.
Proposal 4: Adopt the following assumptions on SSB used for SCell operations for Option C
· When the SCell is deactivated
· CD-SSB indicated by servingCellMO in ServingCellConfig.
· During SCell activation
· NCD-SSB in the first active BWP for AGC/time/freq tracking, etc.
· When the SCell is activated and the active BWP is a dormant BWP
· NCD-SSB in the active BWP for L1 and L3 measurements
Proposal 5: For option C, support all HO scenarios involving NCD-SSB and re-use the same requirements from RedCap.
Proposal 6: Interruption requirements for B-1-2 are defined based on interruption length of 0.5ms for FR1 and 0.25ms for FR2.
Proposal 7: For B-1-2, interruption ratio X% for each applicable serving cell is defined as 
X%=interruption length * 2 / L1-RS periodicity,
where 
· interruption length is in Proposal 6, and 
· L1-RS periodicity is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.
FFS total interruption ratio for all applicable serving cells
Proposal 8: Define L1 measurement requirement after RAN4 concludes on interruption requirement.
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