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In the last RN4 meeting the WF containing the agreements and open issues related to the RLM/BFD/BM requirements based on option B-1-2 was approved [1] i.e. BM/RLM/BFD based on SSB outside the active BWP with interruption.
This paper further analyzes the open issues related to option B-1-2 identified in the last RAN4 meeting [1].
Analysis of L1-requirements for option B-1-2
Applicable conditions for RLM/BFD/BM requirements for supporting Option B-1-2
The applicable condition for option B-1-2 depends on the RAN1 definition of B-1-2 feature group. The UE feature group 53-2 for option B-1-2 is defined as follows according to the RAN1 feature list sent in the LS to RAN4 [2]:

1. UE is allowed to performs RLM/BM/BFD measurements based on CD-SSB outside the active BWP with interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of the corresponding carrier(s) to be measured

2. Bandwidth of UE-specific RRC configured BWP may not include bandwidth of the CORESET#0 (if CORESET#0 is present) and CD-SSB for PCell/PSCell (if configured) and bandwidth of the UE-specific RRC configured BWP may not include CD-SSB for SCell

3. CD-SSB outside active DL BWP but within the bandwidth of the corresponding carrier(s) to be measured can be used as the QCL source for other reference signal.
Most aspects of the above feature group (53-2) are completed except few remaining issues. Nevertheless, based on the above feature group (53-2) definition, from the RAN4 requirements perspective the applicable condition should be that the UE meets the requirements for supporting option B-1-2 provided that the CD-SSB is within the bandwidth of the carrier frequency on which the BM/RLM/BFD is performed. 
Interruption requirements
Following was agreed regarding the interruption requirements for option B-1-2[1]:

· Define the following interruption requirements for Option B-1-2
· Interruption length
·  Option 1: [0.5ms] for FR1 and [0.25ms] for FR2
· FFS: Interruption ratio
· FFS: Interruption location


Based on the above agreements there is consensus to define the interruption length. However, both interruption ratio and interruption location are FFS. 

The interruption very adversely impacts the scheduling i.e. loss of data and HARQ feedback. Therefore, interruption length is not sufficient since it does not limit the aggregated interruptions while performing RLM/BFD/BM measurements. Therefore, interruption ratio/probability is necessary to guaranteed to limit the total number of interruptions during the RLM/BFD/BM measurement period. 

The RF tuning which causes interruption depends on measurement sampling is up to the UE implementation. Therefore, specifying interruption location limits the UE implementation. Furthermore, specifying interruption location will be complicated and not likely to be very useful since typical scheduling ignores when interruption occurs. A signaling to indicate interruption location leads to unnecessary signaling overheads and not likely to be considered when scheduling data. Therefore, we do not see any motivation to specify the interruption location. 

In summary, the interruption requirements should be defined in terms of both:
· Maximum interruption probability and
· Maximum length of each interruption
The details of the above interruption metrics are described below:
Maximum interruption probability:

For example, assuming SSB periodicity of 40 ms, each interruption length of one slot for 15 kHz SCS and assuming one interruption before and one after the SSB resource, the total number of interruptions on other active serving cells during the out-of-sync evaluation period, which requires 10 SSB samples, will be 20 slots. This corresponds to 5% interruption probability. There will be similar level of interruptions on other active serving cells due to CBD and L1-RSRP/L-SINR measurements. This level of interruptions is certainly unacceptable from the network performance point of view. 

We therefore suggest that the maximum allowed interruption probability is limited to around 0.5% due to the measurements for RLM/BFD, CBD and L1-RSRP/L1-SINR. Therefore, one option is to define individual interruption probability for each of the three categories of the measurements e.g. 
· 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 %.
Another alternative is to define one aggregated interruption probability covering all the three categories of the measurements. In this case in our view the aggregared interruption probability should be limited to 1%. This is because it is unlikely that the UE simultaneously (during overlapping time) performs the three categories of the measurements (RLM/BFD, CBD and L1-RSRP/L1-SINR) all the time. Therefore, we suggest that the aggregared interruption probability is less than 1% e.g. This alternative was also preferred by most companies.
· 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 %.
Furthermore, the interruption should only be allowed in the following cases with respect to the DRX cycle on the serving cell on which the RLM/LRP measurements are performed:
· When no DRX cycle is used on the serving cell on which the RLM/LRP measurements are performed.
· When the DRX cycle used on the serving cell on which the RLM/LRP measurements are performed is shorter than or equal to 320 ms and the DRX ON duration is aligned with the SSB
Otherwise, no interruption should be allowed in the following cases i.e. 
· When the DRX cycle used on the serving cell on which the RLM/LRP measurements are performed is less than or equal to 320 ms and the DRX ON duration is misaligned with the SSB.
· When the DRX cycle used on the serving cell on which the RLM/LRP measurements are performed is larger than 320 ms. 
The reason is that when DRX cycle is long (i.e. ≥ 640 ms) the UE can retune its receiver between the ON duration and perform the RLM/LRP measurements without causing any interruption on other serving cells.
Maximum interruption length:
In the last RAN4 meeting there was only high-level agreement regarding the interruption based on the RF tuning time is 0.5 ms and 0.25 ms in FR1 and FR2 respectively [1]. However, the details are not yet agreed. The maximum interruption length of the interruption on the other active serving cells (victim cell) should also be defined for different scenarios (e.g. in NR CA, NR DC, EN-DC, NE-DC) as discuss below:
Interruption in NR CA:
When the UE is configured with NR CA then Table 8.2.2.2.2-1 defined in TS 38.133 will be reasonable proposal, which can be applicable for the inter-band CA. On the other hand, Table 8.2.2.2.2-2 defined in TS 38.133 can be reused with necessary modification for intra-band CA. In both cases in order to minimize the interruption, the UE should retune immediately before and immediately after the SSB resource i.e. slots containing the SSB(s) for the RLM or RLP. The proposals are shown in table 2 and table 3 for inter-band CA and intra-band CA respectively. 
Table 2: Interruption due to RLM and RLP measurements on other active serving cell in inter-band NR CA
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	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 3: 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 in NR DC:
The NR DC supports both synchronous and asynchronous inter-band DC. For synchronous inter-band NR-DC, the interruption length shown in table 2 can be reused since the MRTD for NR CA and synchronous inter-band NR-DC are the same or in the same range.
For asynchronous inter-band NR-DC, 1 slot needs to be added to the interruption length in table 4 for SCS ≥ 60 kHz to account for the MRTD for NR DC.
Table 4: Interruption due to RLM and RLM on other active serving cell in asynchronous inter-band NR-DC
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	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 on LTE serving cell(s) in EN-DC and NE-DC:

In EN-DC, the interruption on the active LTE serving cell(s) depends on whether it is inter-band (which can be synchronous or asynchronous EN-DC) or intra-band EN-DC (which can be only synchronous EN-DC). The interruption on the active LTE serving cell(s) for EN-DC and NE-DC can be derived from section 7.32.2.6.1 in 36.133 as follows:
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.
Table 5 and table 6 lists high level sections in TS 38.133 and TS 36.133 where the interruption requirements on other active serving cells due to the RLM/LRP measurements performed based on option B-1-2 should be defined.
Table 5: 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 6: 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


Analysis of L3-requirements for option B-1-2
In the last RAN plenary, the WID was revised to include the following new objective related to the layer-3 measurement requirements for different options [4]:
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.
· Note: further check in RAN #101 on whether any work is required to support L3 intra-frequency measurements without gaps for Option B-1-2 
The WID does not allow any specification work for layer-3 measurement requirements for option B-1-2. The above objective clearly states that whether any work is required to support L3 intra-frequency measurements without gaps for Option B-1-2 will be checked at RAN#101. Therefore, no work on L3 intra-frequency measurements without gaps for Option B-1-2 should be carried out at RAN4#108. 
Summary
This paper further analyzes the interruption requirements for RLM and link recovery procedure (LRP) for the UE capable of option B-1-2 i.e. for the UE supporting BM/RLM/BFD based on SSB outside the active BWP with interruptions. The following are the observations and proposals: 
Applicable condition for option B-1-2:
· Observation #1: According the RAN1 feature group definition (53-2) for option B-1-2, the UE performs RLM/BM/BFD measurements based on CD-SSB with interruptions, where the CD-SSB is outside active DL BWP but is within the bandwidth of the carrier to be measured. 
· Proposal #1: The applicable condition: UE supporting Option B-1-2 (FG 53-2) meets the BM/RLM/BFD requirements provided that the CD-SSB is within the bandwidth of the carrier frequency on which the BM/RLM/BFD is performed.

Interruption due to RLM/LRP measurements:
· Observation #2: UE will periodically sample/measure the SSB for the RLM/BFD/BM periodically depending on the periodicity of the configured SSB resources.
· Observation #3: Due to the periodic sampling of the SSB for the RLM/BFD/BM it is important to define the maximum allowed interruption probability.
· Observation #4: The interruption depends on measurement sampling which is up to the UE implementation. Therefore, specifying interruption location limits the UE implementation. 
· Observation #5: Signaling to indicate interruption location leads to unnecessary signaling overheads and not likely to be considered when scheduling data.
· Proposal #2: Define the maximum interruption probability (in addition to the maximum length of each interruption).
· Proposal #3: Do not define the interruption location.
· Proposal #4: The maximum interruption probability on other active serving cells due to RLM/LRP measurements performed on the serving cell are defined using either option 1 or option 2; we prefer option 2:
· Option 1:
· 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:
· 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 %.
· Proposal #5: The maximum length of each interruption is defined as follows:
Interruption length in NR CA:
Table 2: Interruption due to RLM and RLP measurements on other active serving cell in inter-band NR CA
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	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 3: 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 4: Interruption due to RLM and RLM on other active serving cell in asynchronous inter-band NR-DC
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	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.
Proposal #6: The interruption requirements in proposals # 4 and # 6 are allowed only under certain conditions wrt the DRX cycle:
· The interruption is allowed only when any of the following conditions are met:
· When no DRX cycle is used on the serving cell on which the RLM/LRP measurements are performed.
· When the DRX cycle used on the serving cell on which the RLM/LRP measurements are performed is shorter than or equal to 320 ms and the DRX ON duration is aligned with the SSB
· Otherwise, no interruption is allowed in any of the following cases:
· When the DRX cycle used on the serving cell on which the RLM/LRP measurements are performed is less than or equal to 320 ms and the DRX ON duration is misaligned with the SSB.
· When the DRX cycle used on the serving cell on which the RLM/LRP measurements are performed is larger than 320 ms. 
L3-measurement requirements for option B-1-2:
· Observation #6: According to the revised/updated WID, whether any work is required to support L3 intra-frequency measurements without gaps for Option B-1-2 will be checked at RAN#101.
· Proposal #7: No work on L3 intra-frequency measurements without gaps for Option B-1-2 should be carried out at RAN4#108.
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