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1 [bookmark: _Ref118271349]	Introduction
RAN plenary discussed the topic BWP operation without restrictions in Meeting RAN#100 and defined a new WI with objectives captured below [1]: 
	Objective
Objective Core part WI 
The work item includes following objectives for non-Redcap UE: 
1) Specify support for BM/RLM/BFD:
· For Option A 
· Study and specify if any clarifications of the existing requirements are needed, e.g., applicability of requirements, conditions of gap configuration etc. (RAN4)
· For Option B-1-1
· Specify support of BM/RLM/BFD based on SSB outside the active BWP without interruptions (RAN4, RAN2, RAN1)
· For Option C 
· Specify support of BM/RLM/BFD based on NCD-SSB within active BWP for non-RedCap UEs (RAN4, RAN2, RAN1)
· For Option B-1-2 
· Specify support of BM/RLM/BFD based onSSB outside the active BWP with interruptions with the following conditions (RAN4, RAN2, RAN1):
· The UE shall be allowed to use B-1-2 only if 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; and
· UE shall support option (C) NCD-SSB (subject to Interoperability Device Testing (IoDT) availability). 
· The interruption related requirements will be decided and specified in RAN4.


	2) Specify the necessary requirements to support L3 intra-frequency measurements without gaps (RAN4)
· For Option B-1-1
· Specify applicability of legacy intra-frequency L3 measurements without gap and corresponding UE capabilities, if needed.
· Note: UEs capable of Option B-1-1 BWP operation can optionally support L3 intra-frequency measurements with gaps.
· For Option C
· Specify requirements for L3 intra-frequency measurements based on existing RedCap NCD-SSB requirements.
The expected RAN2 impacts are the RRC configuration signalling for the above options, and the capability signalling aspects.

	3) Specify the necessary requirements to support the additional handover cases same as for RedCap (RAN4)
· For Option C Specify handover requirements



In this contribution paper, we provide analysis and discussion on the support of multiple options. 
2 Discussion 
2.1. Discussion on the supporting for multiple options 
RAN4 has discussed the supporting of multiple options and the following agreement and way forward are captured in the way forward:
	Issue 1-4: Requirements/UE behaviour for UE supporting both option B-1-1 and A
· FFS
· Option 1: 
· There is no obvious gain if option A and option B-1-1 are supported simultaneously. 
· For UE supporting both option B-1-1 and A, if CSI-RS is configured within the active BWP for L1 measurements, then UE is NOT expected to perform RLM/BFD/BM based on CD-SSB outside active BWP.
· Option 2: 
· For UE supporting both option B-1-1 and A, if configured by NW, UE should perform L1 measurement on both CD-SSB outside active BWP and CSI-RS within active BWP. No additional requirements will be defined for such scenario.
· Option 3: 
· For UE supporting both option B-1-1 and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour.
· Option 4: 
· RAN4 does not need to define additional requirements or clarify UE behaviour for the UE supporting options B-1-1 and A
· Option 5: 
· RAN4 not to define additional requirements or clarify UE behaviour for UE supporting multiple options.

Issue 1-5: Requirements/UE behaviour for UE supporting both option C and A
· FFS
· Option 1: 
· For UE supporting both option C and option A, UE shall perform L1 measurement according to network configuration, there is no need to define requirements/ UE behaviour.
· Option 2: 
· For UE supporting both option C and A, both CSI-RS and NCD-SSB within the active BWP can be configured for L1 measurements.
· Option 3:
· RAN4 does not need to define additional requirements or clarify UE behaviour for the UE supporting options C and A.
· Option 4:
· For UE supporting both option B-1-1 and C, RAN4 shall discuss which SSB UE shall measure when active BWP does NOT contain neither CD-SSB nor NCD-SSB. Candidate solutions:
· Alt 1: Leave it to network control.
· Alt 2: UE always measures CD-SSB unless the active BWP contains NCD-SSB.
· Option 5: 
· RAN4 not to define additional requirements for UE supporting multiple options.



In existing requirements there are requirements for both CD-SSB and CSI-RS, and UE simply follows network configurations for measurements. Therefore, following similar approach, RAN4 shall not define any restrictions on which reference signals the UE should use when the UE support Option C and Option A, and/or the UE support Option B-1-1 and Option A.  

Proposal 1: [bookmark: _Ref134902549][bookmark: _Ref146402222]RAN4 shall not specify any restriction on which reference signals (i.e. CSI-RS or CD-SSB) the UE should use when the UE supports Option B-1-1 and Option A. UE simply follows network configurations for measurements. 
Proposal 2: [bookmark: _Ref146402229]RAN4 shall not specify any restriction on which reference signals (i.e. CSI-RS or NCD-SSB) the UE should use when the UE support Option C and Option A. UE simply follows network configurations for measurements.
2.2. Discussion on RRM requirements for Option B-1-2
RAN4 has discussed the requirements applicability for Option B-1-2 in the previous meeting R4#108 RAN4 reached the following way forward:
	Issue 5-2a: Interruption length (in ms) for option B-1-2
· FFS
· Option 1: 
· Interruption length is 0.5ms for FR1 and 0.25ms for FR2.
· Option 2: 
· RAN4 shall define the interruption length requirements the same as these defined for NCSG in Rel-17 (i.e., VIL=1 ms in FR1 and VIL=0.75 ms in FR2).

Issue 5-2b: Interruption length requirements (in number of slots) for option B-1-2
· FFS
· Option 1: 
· The maximum length of each interruption is based on RF tuning time of 0.5 ms for FR1 and 0.25 ms for FR2 and additional factors and is defined as follows:
Interruption length in NR CA:
Table 1: Interruption due to RLM and RLP measurements on other active serving cell in inter-band NR CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	2 

	
	
	Either aggressor cell or victim cell is on FR1
	3

	3
	0.125
	Aggressor cell is on FR2
	4 

	
	
	Aggressor cell is on FR1
	5 

	5
	0.03125
	Aggressor cell is on FR1
	17

	6
	0.015625
	Aggressor cell is on FR1
	33


Table 2: Interruption due to RLM and RLP measurements on other active serving cell in intra-band NR CA
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	NR Slot length (ms)
	Interruption length (slots)

	0
	1
	1 + NSSB

	1
	0.5
	1 + NSSB

	2
	0.25
	2 + NSSB

	3
	0.125
	4 + NSSB

	5
	0.03125
	16 + NSSB

	6
	0.015625
	32 + NSSB

	NOTE: NSSB is the number of slots containing the configured SSB(s) for RLM/BFD, CBD or L1-RSRP/L1-SINR


Interruption length in NR DC:
· For synchronous inter-band NR-DC, the interruption length is the same as in table 2.
· For asynchronous inter-band NR-DC, the interruption length is shown in table 4.
Table 3: Interruption due to RLM and RLM on other active serving cell in asynchronous inter-band NR-DC
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length X2 (slots)

	0
	1
	
	1 

	1
	0.5
	
	1 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	3 

	
	
	Either aggressor cell or victim cell is on FR1
	4

	3
	0.125
	Aggressor cell is on FR2
	5 

	
	
	Aggressor cell is on FR1
	6 

	5
	0.03125
	Aggressor cell is on FR1
	18

	6
	0.015625
	Aggressor cell is on FR1
	34


Interruption length in EN-DC and NE-DC:
For inter-band EN-DC, the interruption on the active LTE serving cell shall not exceed:
· 1 subframe for synchronous inter-band EN-DC or 
· 2 subframes for asynchronous inter-band EN-DC.
For synchronous intra-band EN-DC, the interruption shall not exceed:
· the duration of NSSB + 2 subframes.
For inter-band NE-DC, the interruption on the active LTE serving cell shall not exceed:
· 1 subframe for synchronous inter-band NE-DC or 
· 2 subframes for asynchronous inter-band NE-DC.
For synchronous intra-band NE-DC, the interruption shall not exceed:
· the duration of NSSB + 2 subframes.
Where, NSSB is the number of slots containing the configured SSB(s) for RLM/BFD, CBD or L1-RSRP/L1-SINR.
· Option 2: The maximum length of each interruption is based on RF tuning time of 1 ms for FR1 and 0.75 ms 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:
· The interruption requirements can be defined based on HARQ ACK/NACK loss framework with a maximum missed ACK/NACK rate up to 0.5%. 
· 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 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.
· Option 4: 
· RAN4 shall define interruption length for Option B-1-2 and RAN shall not define interruption ration for the same option.
Issue 5-4: How interruption requirements for supporting option B-1-2 are captured
· The existing clause 8.2 in 38.133 and clauses 7.32 and 7.36 in 36.133, can be reused for defining the interruption requirements as shown below in table 4 and table 5:
· Table 4: List of top sections on interruption requirements in TS 38.133 impacted for UE supporting option B-1-2:
	No.
	Section number
	Section title

	1
	8.2.2
	SA: Interruptions with Standalone NR Carrier Aggregation

	2
	8.2.4
	NR-DC: Interruptions


· Table 5: List of top sections on interruption requirements in TS 36.133 impacted for UE supporting option B-1-2:
	No.
	Section number
	Section title

	1
	7.32
	7.32	Interruptions with EN-DC

	2
	7.36
	7.36	Interruptions with NE-DC






Our view regarding Issue 5-2a/5-2b:
The existing RAN4 requirements specify that the UE is not required to perform BM/RLM/BFD outside the active BWP. However, in the previous RAN plenary #99/100, a new WI was introduced to allow the UE to perform BM/RLM/BFD measurements based SSB outside the active BWP with interruption. RAN4 has not introduced interruption requirements for L1/BM/RLM/BFD for existing NR and hence new interruption requirements shall be defined for BM/RLM/BFD measurements. However, specification in 38.133 already cover interruption requirements for L3 measurements in the form on NCSG or NeedforGap. Therefore, RAN4 shall leverage the interruption requirements from L3 measurements to define the interruption requirements for BM/RLM/BFD measurements. 
In previous meetings RAN4 agreed that RAN4 shall define requirements for interruption length. In general, the interruption length is based on the RF retune and baseband preparation duration as defined in NCSG requirements; hence, the interruption length can be the same as these defined for NCSG. This means, when a UE signals that interruption is needed for gap-less measurements the interruption length can be VIL=1 ms in FR1 and VIL=0.75 ms in FR2 (i.e. one VIL before and after the SMTC).
[bookmark: _Ref142663937]Observation: the interruption length requirements should be the same as these defined for NCSG in Rel-17 (i.e. VIL=1 ms in FR1 and VIL=0.75 ms in FR2).

Our view regarding Issue 5-2c:
The existing requirements for RLM/BFD/BM are based on utilising every available (non-overlapped with MG) SSB for measurements. Now, for Option B-1-2, the SSB occasions for measurements should be kept the same and the only main difference is that the UE is allowed to cause interruption before and after each SSB. Thus, it is sufficient to define interruption length only and there is no need to specify interruption ratio for Option B-1-2. 

Our view with compromised solution:
These issues impacts both NW and UE throughput and power consumption, as well as it is related to the mobility performance. The issue of interruption is currently being discussed in another thread (NeedForGap), in which, a Tcycle is used to define the interruption requirements specification. In addition, interruption ratio is defined based on the interruption length. Following similar procedure, the interruption requirements for Option B-1-2 can be defined as follows: 
	· TCycle is used for interruption requirements specification implementation:
· The UE is allowed to cause a certain interruption every TCycle period with a certain interruption ratio,
· Interruption length (L) = 0.5 ms in FR1 and L = 0.25 ms in FR2;
· 2L is needed for each TCycle;
· Lower bound of TCycle = 40ms.
· FFS whether the UE is required to Tx/Rx while measuring the SSB, if yes, FFS scheduling restrictions requirements.
· Interruption ratio (x%) = 
· L1-RS periodicity: is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.
· Interruption length requirements are defined in number of slots for option B-1-2.



Proposal 3: RAN4 shall agree on the above interruption requirements to define the requirements for Option B-1-2.

3 Summary
[bookmark: _Ref92572437]In this contribution, we have the following proposal: 
Proposal 1: RAN4 shall not specify any restriction on which reference signals (i.e. CSI-RS or CD-SSB) the UE should use when the UE supports Option B-1-1 and Option A. UE simply follows network configurations for measurements.
Proposal 2: RAN4 shall not specify any restriction on which reference signals (i.e. CSI-RS or NCD-SSB) the UE should use when the UE support Option C and Option A. UE simply follows network configurations for measurements.
Proposal 3: RAN4 shall agree on the below interruption requirements to define the requirements for Option B-1-2.
	· TCycle is used for interruption requirements specification implementation:
· The UE is allowed to cause a certain interruption every TCycle period with a certain interruption ratio,
· Interruption length (L) = 0.5 ms in FR1 and L = 0.25 ms in FR2;
· 2L is needed for each TCycle;
· Lower bound of TCycle = 40ms.
· FFS whether the UE is required to Tx/Rx while measuring the SSB, if yes, FFS scheduling restrictions requirements.
· Interruption ratio (x%) = 
· L1-RS periodicity: is the periodicity of SSB configured for BM/RLM/BFD after taking scaling factor P into account.
· Interruption length requirements are defined in number of slots for option B-1-2.
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