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In the last RN4 meeting the WF containing the agreements and open issues related to the RLM/BFD/BM requirements including the CR work split was approved [1]. 
In this paper we further analyze all the open issues related to different option identified in the last RAN4 meeting [1].
Analysis of requirements for option C
Principle for specifying handover requirements for Option C
The following issue related to the principle of defining the HO requirements for the UE supporting Option C (FG 52-3) was identified in the last meeting [1]:
Issue 4-1: Principle for specifying handover requirements for Option C
· FFS
· Option 1: 
· Existing handover requirements for RedCap UE with 2Rx are reused as baseline. Necessary changes can be made.
· Option 2: 
· Existing handover requirements and handover scenarios of RedCap UE with 2Rx can be applied to option C.
· Option 3: 
· The existing handover requirements defined in clause 6.1.1 (NR Handover) of TS 38.133 are also applicable for the HO when the NCD-SSB is in the active DL BWP of the source cell and the NCD-SSB is in the active DL BWP of the target cell.
To minimize RAN4 effort we suggest that the existing handover requirements for RedCap UE with 2Rx are reused for the UE supporting Option C. However, the requirements can be revisted if any critical issue is identified. More specifically we support Option 2. 
Cell search in handover requirements for Option C
The following is the remaining issue related to the search delay in HO requirements for the UE supporting Option C (FG 52-3) [1]:
Issue 4-4: Tsearch in handover requirements for known inter-frequency cell
· FFS
· Option 1:
· For UE supporting option C, the handover requirements for known inter-frequency cell are specified as follows.
· if the measured SSB is the target SSB for handover of the target cell, Tsearch = 0ms; 
· if the measured SSB and the target SSB for handover belong to the same NR target cell and fulfil the following conditions, Tsearch = Trs ms:
· CD-SSB in initial DL BWP is the measured SSB and NCD-SSB in first active DL BWP is the target SSB for handover
· NCD-SSB in DL BWP is the measured SSB and CD-SSB in initial DL BWP is the target SSB for handover
· Both measured SSB and the target SSB for handover are NCD-SSB within different DL BWPs
· Option 2: 
· For known inter-frequency target cell, three cases are included and Tsearch is N*Trs ms.
· The measured SSB is a CD-SSB and the target SSB for HO is an NCD-SSB
· The measured SSB is an NCD-SSB and the target SSB for HO is a CD-SSB
· The measured SSB is an NCD-SSB and the target SSB for HO is another NCD-SSB
Issue 4-5: Tsearch in handover requirements for other cases than known inter-frequency cell
· FFS
· Option 1: 
· Reuse the requirements for RedCap UE with 2Rx.
Tsearch for known inter-frequency cell:
Firstly, regarding issue 4-4, we observe option 2 does not contain the case when the measured SSB is the same as the SSB of the target known inter-frequency cell. In this case, the Tsearch should be 0. We don’t see any reason as to why the Tsearch for inter-frequency known cell when the measurement SSB and target SSB are different, should be more relaxed for UE supporting Option C compared to RedCap 2Rx UE. We therefore support Option 1 under issue 4-4.
Tsearch for other than known inter-frequency cell cases:
Regarding issue 4-5, for any unknown case of inter-frequency cell, the Tsearch for UE supporting Option C should be the same as for RedCap 2Rx UE. Therefore, we support Option 1 under issue 4-5.
Analysis of Requirements for option B-1-2
Interruption requirements
Interruption length
In the last meeting the following options regarding the interruption length requirements for option B-1-2 in ms and in terms of number of slots were identified [1]:
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:
· …………………
· 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.
The interruption length in ms should correspond to the RF tuning time as specified in TS 38.133 for FR1 (0.5 ms) and FR2 (0.25 ms), which should be the same regardless of the cause of the interruption or RF tuning. We therefore support Option 1 in issue 5-2a. 
However, the actual length of each interruption depends on RF tuning time (or interruption in ms) and on additional factors such as slot length, CA/DC, synchronization level (e.g. sync or async DC) etc. Furthermore, the actual interruption length should be expressed in terms of number of slots. In fact, option 2 in both issues 5-2a and 5-2b are fundamentally identical i.e. expressed in ms. Therefore option 2 under issue 5-2b which is expressed in ms is not relevant for defining the actual interruption length in number of slots. Therefore, we continue supporting option 1 under issue 5-2b. 

The maximum interruption length of the interruption caused on the other active serving cells (victim cell) needs to be defined for different scenarios (e.g. in NR CA, NR DC, EN-DC, NE-DC) as discussed 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 1 and table 2 for inter-band CA and intra-band CA respectively. 
Table 1: 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 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 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 3: 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.
Interruption ratio/probability
In the last meeting the following options regarding the interruption ratio or probability requirements for option B-1-2 were identified [1]:
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.
Option 3 will lead to unacceptably large number of interruptions during the BM/RLM/BFD measurement periods. For example, based on option 3 the maximum interruption probability will be 5% for RLM-RS resource periodicity of 20 ms, which can be a typical value. This will lead to significant outage due to extensive loss of data scheduling. We therefore prefer option 1 and option 2. The advantage of option 2 is that it leads to one unified interruption ratio value regardless of the type of the BM/RLM/BFD measurement procedure. The value of 1% interruption probability will also give more power saving opportunities to the UE compared to 0.5% interruption probability in option 1. Therefore, option 2 is reasonable compromise between the data loss and the UE power saving.  
Summary
This paper further analyzes RRM requirements for the differents options C and B-1-2 supported by the UE for performing BM/RLM/BFD. The following are the observations and proposals: 
Option C: Principle of HO requirements
· Proposal #1: Existing handover requirements and handover scenarios of RedCap UE with 2Rx can be applied to option C.
Option C: Tsearch in HO requirements
· Observation #1: Option 2 in issue 4-5 does not contain the case when the measured SSB is the same as the SSB of the target known inter-frequency cell.
· Observation #2: Tsearch for inter-frequency known cell when the measurement SSB and target SSB are different should NOT be more relaxed for UE supporting Option C compared to RedCap 2Rx UE
· Proposal #2:	Regardless of which option under issue 4-5 is chosen, Tsearch = 0ms if the measured SSB is the target SSB for handover of the target cell.
· Proposal #3:	We support Option 1 under issue 4-4.
· Proposal #4:	Tsearch in handover requirements for cases other than known inter-frequency cell for UE supporting Option C are reused from the corresponding Tsearch requirements defined for RedCap UE with 2Rx
Option B-1-2: Interruption length in ms:
· Observation #3: The interruption length in ms should be the actual RF tuning time specified in TS 38.133 for FR1 (0.5 ms) and FR2 (0.25 ms), which is the same regardless of the cause of the RF tuning.
· Proposal #5: Interruption length in ms is 0.5ms for FR1 and 0.25ms for FR2. 
Option B-1-2: Interruption length requirement in slots:
· Observation #4: The proposed interruption length in Option 2 in issue 5-2b is still expressed in ms and not in slots.
· Observation #5: The length of each interruption depends on RF tuning (interruption length in ms) as well as on additional factors such as slot length, CA/DC, synchronization level (e.g. sync or async DC) etc.
· Proposal #6: The maximum length of each interruption based on the interruption length in ms and additional factors, 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
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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 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 3.
Table 3: 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.
Option B-1-2: Interruption ratio/probability requirement:
· Observation #6: Option 3 (X%=interruption length * 2 / L1-RS periodicity) will cause large number of interruptions (e.g. 5% for 20 ms RLM-RS period) resulting in significant outage due to extensive loss of data scheduling, CSI and HARQ feedback.
· Observation #7: Option 2 (1% interruption probability) is a reasonable compromise between the data loss and the UE power saving.
· Proposal #7: 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 %.
A draft CR containing interruption requirements in clause 7.32 (EN-DC) and clause 7.36 (NE-DC) based on the work split is provided in [2].
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