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1. Introduction
[bookmark: _GoBack]At the last RAN4 meeting, collision between SSB and measurement gap has been discussed, and possible scenarios were summarized in [1] as following. However, UE behaviour on RLM-RS covered by SMTC window and SMTC within measurement gap is not clear yet, and it would be important to consider not only collision between SMTC and measurement gap but also collision between RLM-RS and SMTC to define delay requirements. In this paper, we provide our views on requirements of measurement delay considering collision among RLM-RS, SMTC, and measurement gap.
	Agreed WF [1]
· All the UE activities for consideration (all the activities are SSB based)
1) RLM
2) Measurement type A: Intra-frequency measurement w/o MG and w/o interruption
· For FR1, no mixed numerologies is assumed for this measurement type
· For FR2, this measurement type is not applicable 
3) Measurement type B: intra-frequency measurement with interruption
· For FR1, mixed numerologies is assumed for this measurement type
· For FR2, Rx beam sweeping is assumed for this measurement type
4) Measurement type C: intra-frequency measurement with MG
· E.g. Intra-frequency measurement outside active BWP
5) Measurement type D: inter-frequency measurement  and inter-RAT measurement
· All the scenarios for consideration
· Fully overlapped scenarios:
· Scenario 1a: Fully overlapped between MG and SMTC in type A
· Scenario 1b: Fully overlapped between MG and SMTC in type B
· Scenario 1c: Fully overlapped between MG and RLM
· Partial overlapped scenarios:
· Scenario 2a: Partial overlapped between MG and SMTC in type A
· Scenario 2b: Partial overlapped between MG and SMTC in type B
· Scenario 2c: Partial overlapped between MG and RLM
· Fully non-overlapped scenarios:
· Scenario 3a: Fully non-overlapped between MG and SMTC in type A
· Scenario 3b: Fully non-overlapped between MG and SMTC in type B
· Scenario 3c: Fully non-overlapped between MG and RLM

· No requirement will be defined for scenarios 1c.
· In fully overlapped scenarios 1a/1b, 
· FFS: Which scenarios could be avoided by network configuration?
· In partial overlapped scenarios 2a/2b/2c, 
· Denoted by NA (Not Applicable)
· For those scenarios can be certainly avoided by NW, the corresponding requirements aren’t needed.
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· FFS the expected UE behavior and corresponding requirements for the possible scenarios in the above table.
· In fully non-overlapped scenarios 3a/3b/3c, 
· In scenario 3c: RLM will be conducted on all the available RLM-RS occasions 
· In scenario 3a: type A measurement will be conducted on all the available SMTC occasions
· In scenario 3b:
· FFS the impact on UE performance on measurement and data Tx/Rx in case network configure this scenario for type B for small MGRP cases (e.g. 20ms)
· FFS: which of UE activities (RLM/type A/type B/type C/type D) the gap sharing table (between intra-frequency and inter-frequency measurements) will be applied to? 
· FFS: the gap sharing table would be finalized in RAN4 #86bis meeting
· Companies are encouraged to provide the insights in RAN4 #86bis meeting.



2. Discussion
Collision between RLM-RS and SMTC
Collision between RLM-RS and SMTC window would be critical issue to define requirements for both RLM and RRM measurements, but UE behaviour on the collided SSBs is not clear yet. Therefore, it is important to define UE behaviour in case of collision between RLM-RS and SMTC before discussing collision between RLM-RS/SMTC and measurement gap. If there is no collision between measurement gap and SSBs for both RLM and RRM measurement, we could simply consider RLM/RRM measurement requirements based on relationship between RLM-RS and SMTC window timing. As we argued in [2], periodicity of SSB configured for RLM, TSSB should be same as actual SSB transmission periodicity on PCell/PSCel, and SMTC periodicity should be equal to or longer than actual SSB transmission periodicity. Thus, SMTC window on PCell/PSCell would always collide with RLM-RS on PCell/PSCell as shown in Figure 1. For FR1, UE could perform RLM and intra-frequency measurement simultaneously, so it would not be necessary to consider collision between RLM-RS and SMTC window. On the other hands, for FR2, UE could not perform RLM and intra-frequency measurement at the same time due to Rx beam restriction, and hence UE should be expected to perform either RLM or intra-frequency measurement at the SSB timing covered by SMTC window on PCell/PSCell. As shown in Case 3 depicted in Figure 1, when SMTC periodicity is longer than TSSB, UE would have enough opportunity for RLM at RLM-RS timing which does not collide with SMTC, and all of SMTC window timings should be used for intra-frequency measurements to make intra-frequency measurement according to the configured SMTC periodicity. In other words, intra-frequency measurement should be prioritized than RLM in case of collision between RLM-RS and SMTC. As shown in Case 4, when SMTC periodicity is same as TSSB, SSB timing sharing should be considered because RLM-RS is fully overlapped with SMTC window. However, SSB timing sharing might cause complexity on UE behavior and the specification. Moreover, RLM should be performed alternately or more frequent than intra-frequency measurement as in Case 4 (a) or (b), but these cases could be realized in Case 3 by setting SSB periodicity and SMTC periodicity appropriately. From these points of view, for FR2 PCell or PSCell, SMTC periodicity should be longer than TSSB, and we could preclude specifying Case 4.
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Figure 1: Different cases depending on relationship between RLM-RS and SMTC window timing for FR1 and FR2.
Proposal 1: For FR2 PCell/PSCell, RLM requirements for the case that SMTC periodicity equals to TSSB are not specified, and RLM requirements is defined by assuming that intra-frequency measurement is performed at the SSB timing covered by SMTC window.
Collision between SSB and measurement gap
At the last RAN4 meeting, possible scenarios for collision between SSB and measurement gap were discussed as summarized in [1]. As we proposed in [3], UE should be expected to perform RLM only on the SSBs outside of measurement gap. Therefore, evaluation periods for RLM could be determined based on number of SSBs which collides with neither SMTC window nor measurement gap. On the other hands, for intra-frequency measurement without gap, UE should be able to perform measurement not only on SMTC outside of measurement gap but also SMTC covered by measurement gap. If SSB is not in UE active DL BWP, UE needs measurement gap for intra-frequency measurement, and gap sharing have been discussed to determine requirements on intra-frequency measurement with gap and inter-frequency measurement. However, since NR has SMTC configurations to indicate measurement period for intra- and inter-frequency measurement, additional signalling of gap sharing factor might not be needed as discussed in the next section. In other words, NW could control ratio between intra- and inter-frequency measurement opportunities by setting appropriate SMTC configurations for each carrier instead of gap sharing factor. Here, same principle could be applied for requirements on intra-frequency measurement without gap. Unlike intra-frequency measurement with gap case, UE could utilize SMTC outside of measurement gap as shown in Figure 2, but this case could be also included in applicable scenarios for SMTC configuration based scaling described in following section.
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Figure 2: Time domain relationship among RLM-RS, SMTC for intra- and inter-frequency measurement, and measurement gap

Proposal 2: RLM shall be performed on SSBs that collide with neither SMTC window for intra-frequency measurement without gap nor measurement gap.
Proposal 3: All of SMTC window timings outside of measurement gap can be utilized for intra-frequency measurement without gap. In addition, some of SMTCs within measurement gap can also be utilized for intra-frequency measurement without gap depending on SMTC configuration on that carrier.
Requirements on intra-/inter- frequency measurement
In previous RAN4 meetings, gap sharing feature has been discussed, and gap sharing table will be determined in RAN4 #86bis according to agreed WF [1]. In our opinion, however, it might not be necessary to introduce gap sharing factor signalling for NR. That is because SMTC periodicity could be configured for each frequency carrier, and this fact leads that measurement period for intra- and inter-frequency measurement could be scaled depending on SMTC configurations and number of carriers. Although it would be required to share measurement gap timing among intra- and inter-frequency measurements as same as LTE eMTC case, different SMTC periodicity could be configured for each frequency carrier unlike LTE eMTC. Therefore, NW could control ratio between intra- and inter-frequency measurements, and requirements on each measurement could be scaled by scaling factor based on SMTC configurations. In addition, IE for NR gap sharing is not included in TS 38.331 [4] so far. Therefore, delay requirements should be defined based on SMTC configurations and number of carriers instead of gap sharing factor, and this STMC based scaling factor could be applied for intra-frequency measurement whose SMTC would be partially or fully overlapped with measurement gap and/or SMTC of other carriers. 
Scaling factor KSMTC would be calculated based on SMTC periodicity on that carrier and relationship with the other carriers as described in our companion contribution [5]. As shown in Figure3, each carrier would have its own scaling factor, e.g. KSMTC1 for intra-frequency measurement (SMTC periodicity = TSMTC1), KSMTC2 and KSTMC3 for inter-frequency measurement (SMTC periodicity = TSMTC2 and TSMTC3). Hence, requirements on intra- and inter-frequency measurement could be expressed as following by using scaling factor KSMTCintra or KSMTCinter based on SMTC configurations and number of carriers. Note that requirements on intra-frequency measurement could be described in the same structure regardless of necessity of measurement gap except for value of scaling factor KSMTCintra.
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Figure 3: Time domain relationship among SMTC for intra- and inter-frequency measurement, and measurement gap


· Intra-frequency measurement
· For FR1,
· Tintra-freq = max(Tmin, KSMTCintra × Nsample × SMTC period)
· For FR2,
· Tintra-freq = max(Tmin, KSMTCintra × Nsample × N × SMTC period)
· Where, Tmin is minimum boundary, Nsample is number of samples for intra-frequency measurement, N is scaling factor related to Rx beam sweeping.
· Inter-frequency measurement
· For FR1,
· Tinter-freq = KSMTCinter × Msample × max(SMTC period, MGRP)
· For FR2,
· Tinter-freq = KSMTCinter × Msample × M × max(SMTC period, MGRP)
· Where, Msample is number of samples for inter-frequency measurement, M is scaling factor related to Rx beam sweeping.

Proposal 4: Regarding SSB based measurements, delay requirements can be scaled by SMTC based scaling factor instead of gap sharing IE, and the scaling factor could be applied for intra-frequency measurement with/without gap and inter-frequency measurement. 
· Scaling factor could be derived based on SMTC configuration and number of carriers as proposed in [5].
3. Conclusion
In this contribution, we provided our views on requirements considering collision among RLM-RS, SMTC, and measurement gap, and we made following proposals.
Proposal 1: For FR2 PCell/PSCell, RLM requirements for the case that SMTC periodicity equals to TSSB are not specified, and RLM requirements is defined by assuming that intra-frequency measurement is performed at the SSB timing covered by SMTC window.
Proposal 2: RLM shall be performed on SSBs that collide with neither SMTC window for intra-frequency measurement without gap nor measurement gap.
Proposal 3: All of SMTC window timings outside of measurement gap can be utilized for intra-frequency measurement without gap. In addition, some of SMTCs within measurement gap can also be utilized for intra-frequency measurement without gap depending on SMTC configuration on that carrier.
Proposal 4: Regarding SSB based measurements, delay requirements can be scaled by SMTC based scaling factor instead of gap sharing IE, and the scaling factor could be applied for intra-frequency measurement with/without gap and inter-frequency measurement. 
· Scaling factor could be derived based on SMTC configuration and number of carriers as proposed in [5].
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*Note-1: There is no Type-A measurement in FR2, hence the corresponding requirements aren’t needed
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