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1. Introduction
At the RAN4 AH1801 meeting, requirements on intra frequency measurement were discussed, but there are still some remaining issues including cell detection and measurement delay considering Rx beam sweeping and measurement gap. Delay requirements considering Rx beam sweeping are discussed in [1], and in this contribution, we provide our views on intra frequency measurement with measurement gap.
2. Discussion
At the last RAN4 meeting, requirements on intra frequency measurement with measurement gap were discussed, but RAN4 could not reach any conclusions. Intra frequency measurement is categorized as shown in Table 1 based on frequency domain relationship between SSB occasion and UE active DL BWP and time domain relationship between SMTC window timing and measurement gap [2].
Table 1: Different types of intra frequency measurement
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To define requirements on intra frequency measurement with gap, it would be necessary to consider not only relationship between SMTC window timing and measurement gap but also relationship between SMTC window timing and SSB timing for RLM. Especially for FR2, when SMTC window timing and SSB timing for RLM are overlapped, UE would not be able to perform intra frequency measurement and RLM simultaneously at the SSB timing in some cases, e.g. due to different Rx beam used for intra-frequency measurement and for RLM. Thus, relationship between SMTC window timing and RLM-RS timing should be taken into account. For FR1, even if SMTC window timing and RLM-RS timing are overlapped, UE would be able to perform both intra frequency measurement and RLM simultaneously. On the other hands, for FR2, UE might utilize different Rx beam for intra frequency measurement from for RLM, so UE could perform either RLM or intra frequency measurement at the SSB timing.
Observation 1: For FR1, when SMTC window timing and SSB timing for RLM are overlapped, UE would be able to perform intra frequency measurement and RLM simultaneously at the SSB timing. On the other hands, for FR2, UE would not be able to perform intra frequency measurement and RLM simultaneously at the SSB timing in some cases, e.g. different Rx beams are used in RLM and intra frequency measurement.
Proposal 1: At least for FR2, relationship between SMTC window timing and SSB timing for RLM should be considered to determine requirements on intra frequency measurement period.
At first, for FR1, requirements could be considered according to categorized types in Table 1 since SSB timing for RLM would not need to be considered as described in observation 1. In case of type 1, since it would not be necessary to take measurement gap into consideration, measurement period could be simply defined as same as requirement on intra frequency measurement without measurement gap. In case of type2, SMTC periodicity would be shorter than MGRP, and at least one of the two SSBs could be utilized for intra frequency measurement. Since UE could use SSB for intra frequency measurement at least every 160 ms even in the worst case, it would be sufficient to use SMTC occasions only outside of measurement gap. This way could avoid complexity of requirement since it could avoid gap sharing with inter frequency measurement. In this case, SSBs for intra frequency measurement are partially punctured by measurement gap, so number of samples which can be actually utilized for intra-frequency measurement would decrease compared with that in the case without gap. In addition, the number of samples is determined by ratio between SMTC periodicity and MGRP, and measurement period should be relaxed by a factor expressed as P = 1/(1 – SMTC periodicity/MGRP). In case of type 3 and type 4, gap sharing between intra frequency and inter frequency measurements would need to be considered. Note that if SSBs for RLM would also be covered by measurement gap, gap sharing among intra frequency measurement, inter frequency measurement, and RLM should be considered.
Observation 2: For FR1, when SMTC window is partially overlapped with measurement gap, intra frequency measurement should be performed on SMTC window timing outside the measurement gap.
Observation 3: For both FR1 and FR2, when SMTC window timing is fully overlapped with measurement gap or SSB for intra frequency measurement is located outside of UE active DL BWP, gap sharing between intra/inter frequency measurement or gap sharing among intra/inter frequency measurement and RLM should be considered.
Proposal 2: For FR1, required number of samples for intra frequency measurement should be multiplied by a scaling factor P, and P would be described as following.
P = 1: when all SMTC window timings are not covered by measurement gap.
P = 1/(1 – SMTC periodicity/MGRP): when SMTC window timings are partially covered by measurement gap.
P = 1/X×100: when SMTC window timings are fully covered by measurement gap, and X is a signaled RRC parameter for gap sharing.
Proposal 3: For both FR1 and FR2, gap sharing should be considered at least in following cases.
· SMTC window timings are fully covered by measurement gap.
· SSB for intra frequency measurement is located outside UE active DL BWP.
For FR2, relationship between SMTC window timing and SSB timing for RLM should be also considered. Since SMTC periodicity should be equal to or longer than actual SSB transmission periodicity that is signalled for rate matching purpose, SMTC periodicity would be equal to or longer than periodicity of SSB for RLM as mentioned in [3]. Therefore, SMTC window timing should be prioritized if SSB timing for RLM and SMTC window timing are partially overlapped (see Figure 1), and number of samples to derive measurement period would be multiplied by a factor expressed as 1/(1 – SMTC periodicity/MGRP).
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Figure 1: Case that SMTC window timings are partially overlapped with measurement gap and SSBs for RLM in FR2.
As shown in Figure 2, when SMTC window timings are partially covered by measurement gap and are fully overlapped with SSB timing for RLM i.e., SMTC periodicity is same with actual SSB transmission periodicity of serving PCell or PSCell, requirement should be considered based on two cases shown in Figure 2. Since UE could not perform RLM and intra frequency measurement at the same time in FR2, measurement timing sharing should be considered between SMTC window timing for intra frequency measurement and SSB timing for RLM. When MGRP is four times (or more) longer than SMTC periodicity as depicted in Case 1 on Figure 2, UE could use SSB timings not overlapped with MG timing for both intra frequency measurement and RLM even considering restriction on no simultaneous RLM and intra frequency measurement. 
As shown in Case 2 on Figure 2, however, when SMTC periodicity is half of MGRP, there would be just one SSB timing occasion by the subsequent measurement gap. In this case, if SSB timing only outside of measurement gap would be considered for both intra frequency measurement and RLM, intra frequency measurement and/or RLM opportunity would significantly decrease. In order to make intra frequency measurement and RLM opportunity more frequent, gap sharing between intra frequency and inter frequency measurement would need to be considered. In this case, both timing sharing of SSB occasion and gap sharing would be required to derive delay requirements.
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Figure 2: Case that SMTC window timings are partially overlapped with measurement gap and fully overlapped with SSBs for RLM in FR2.
Based on above discussion, overlapping between SMTC window timing and SSB timing for RLM in FR2 would be categorized as following.
· SMTC window timings for intra frequency measurement are partially overlapped with SSB timing for RLM.
· In this case, intra frequency measurement should be prioritized rather than RLM
· In addition, if SMTCs are partially covered by measurement gap, number of samples to derive intra frequency measurement period would be multiplied by a factor P = 1/(1 – SMTC periodicity/MGRP).
· SMTC window timings for intra frequency measurement are fully overlapped with SSB timing for RLM.
· In this case, following aspects should be considered to derive intra frequency measurement period.
· Measurement timing sharing between intra frequency measurement and RLM.
· If SMTC window timing and SSB timing for RLM are partially covered by measurement gap, gap sharing between intra and inter frequency measurement should be considered.

Proposal 4: For FR2, when SMTC window timing and SSB timing for RLM are partially overlapped, SMTC window timing for intra frequency measurement should be prioritized on that SSB timing.
Proposal 5: For FR2, when SMTC window timing and SSB timing for RLM are fully overlapped, SSB timing sharing between intra frequency measurement and RLM should be considered.
Proposal 6: For FR2, gap sharing should be considered in following cases.
· SMTC window timings are fully covered by measurement gap.
· SSB for intra frequency measurement is not in UE active DL BWP.
· SMTC window timings are partially covered by measurement gap and fully overlapped with SSB timing for RLM.

3. Conclusion
In this contribution, we provide our views on requirements of intra frequency measurement with gap, and we make following observations and proposals.
Observation 1: For FR1, when SMTC window timing and SSB timing for RLM are overlapped, UE would be able to perform intra frequency measurement and RLM simultaneously at the SSB timing. On the other hands, for FR2, UE would not be able to perform intra frequency measurement and RLM simultaneously at the SSB timing in some cases, e.g. different Rx beams are used in RLM and intra frequency measurement.
Observation 2: For FR1, when SMTC window would be partially overlapped with measurement gap, intra frequency measurement should be performed on SMTC window timing outside of measurement gap.
Observation 3: For FR1, when SMTC window would be fully overlapped with measurement gap or SSB for intra frequency measurement would be outside of UE active DL BWP, gap sharing between intra/inter frequency measurement or gap sharing among intra/inter frequency measurement and RLM should be considered.
Proposal 1: At least for FR2, relationship between SMTC window timing and SSB timing for RLM should be considered to determine requirements on intra frequency measurement period.
Proposal 2: For FR1, required number of samples for intra frequency measurement should be multiplied by a scaling factor P, and P would be described as following.
P = 1: All SMTC window timings are not covered by measurement gap.
P = 1/(1 – SMTC periodicity/MGRP): SMTC window timings are partially covered by measurement gap.
P = 1/X×100: SMTC window timings are fully covered by measurement gap, and X is a signaled RRC parameter for gap sharing.
Proposal 3: For both FR1, gap sharing should be considered at least in following cases.
· SMTC window timings are fully covered by measurement gap.
· SSB for intra frequency measurement is not in UE active DL BWP.
Proposal 4: For FR2, when SMTC window timing and SSB timing for RLM are partially overlapped, SMTC window timing for intra frequency measurement should be prioritized on that SSB timing.
Proposal 5: For FR2, when SMTC window timing and SSB timing for RLM are fully overlapped, SSB timing sharing between intra frequency measurement and RLM should be considered.
Proposal 6: For FR2, gap sharing should be considered in following cases.
· SMTC window timings are fully covered by measurement gap.
· SSB for intra frequency measurement is not in UE active DL BWP.
· SMTC window timings are partially covered by measurement gap and fully overlapped with SSB timing for RLM.
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