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1. Introduction
A revised WID on Rel-16 RRM requirements enhancement [1] was agreed in the RAN#85 meeting. The following objective was added to the revised WID.
Mandating more measurement gap patterns for R16 RRM 
· Discuss on the possible benefits and network/UE complexity aspects of mandating additional measurement gap pattern(s) for R16 RRM based on R15 measurement gap applicability requirements.
· If the conclusion is to mandate additional gap pattern(s), inform RAN2 by LS.
In this contribution we provide our views on mandatory of measurement gap patterns in R16.

2. Discussion
In an earlier RAN2 LS [2], the mandatory/optional of gap patterns and RRC signaling structure are provided as follows.
	RAN2 agreed that current RRC signalling for gap pattern capabilities as following:
· Gap patterns 0 and 1 are mandatory for all cases.
· In LTE SA
· LTE RRC signalling shortMeasurementGap is used to signal whether UE supports gap patterns 2 and 3.
· LTE RRC signalling measGapPatterns (8 bits) is used to signal whether UE supports gap patterns 4 to 11.
· In EN-DC
· LTE RRC signalling shortMeasurementGap is used to signal whether UE supports gap patterns 2 and 3 (for per-UE cap and FR1 gap of per-FR gap).
· LTE RRC signalling measGapPatterns is used to signal whether UE supports gap patterns 4 to 11 (for per-UE cap and FR1 gap of per-FR gap).
· NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap patterns 2 to 23 (for FR2 gap of per-FR gap).
· In NR SA
· NR RRC signalling supportedGapPattern (22 bits) is used to signal whether UE supports gap patterns 2 to 23.
If the UE supports an optional gap pattern (#2 to #23), it supports using the gap pattern according to the corresponding applicability defined in RAN4 specifications.



The only mandatory gap patterns are GP#0 and GP#1 which are 6ms MGL with 40ms and 80ms MGRP respectively. Later RAN4 further agreed additional gap patterns GP#13 and GP#14 for measurements on FR2 carrier frequencies and send LS [3] to RAN2.
It is beneficial to mandate more gap patterns due to the actual SSB configuration in practical network. Now the MGL of mandatory gap patterns are the longest in FR1 and FR2 which are 6ms and 5.5ms respectively. However the possible SSBs in half frame is much less than 6ms.
In FR1 the SSBs in half frame as maximum take up 2ms for 15kHz SSB SCS, and 1ms for 30kHz SSB SCS for frequency below 3GHz. It at maximum takes up 4ms for 15kHz SSB SCS, and 2ms for 30kHz SSB SCS. It can be seen that in most cases in FR1 the SSBs in half frame are 2ms. In these cases 3ms MGL should be enough for synchronous network, and 4ms MGL should be enough for asynchronous network. With mandatory of only GP#0 and GP#1 in FR1, 6ms MGL will have to be used. There are two aspects of impact by using unnecessary longer measurement gap length. On one hand in sync network 3ms during 40/80 ms MGRP are wasted in vain. It means 7.5% and 3.75% throughput loss. On the other hand it means increase of UE power saving.
Observation 1. There are throughput loss and increased UE power consumption when longer MGL than necessary has to be used if the suitable gap pattern is not supported by UE.
Observation 2. 3ms MGL and 4ms MGL are necessary in FR1 for sync and async network.
It has already been mandatory to support 40ms and 80ms MGRP with 6ms MGL. Supporting shorter MGL with 40ms/80ms MGRP doesn’t put any UE complexity in terms of memory to store the data within measurement gap. The efforts to support shorter MGL is minimized. 
Observation 3. No UE complexity issue is identified to support short MGL.
Since 40ms/80ms MGRP are typical configurations in practical network, gap patterns of combination of 40ms/80ms MGRP and necessary MGL should be supported. For 20ms MGRP it may be used in certain special cases and the overhead is quite high. Consequently the throughput loss could be very high especially together with 6ms MGL. We don’t think 20ms MGRP is a typical case in FR1. For 160ms MGRP there could be use case, e.g. if UE is configured to measure a frequency with 160ms SMTC periodicity. It would be better to support this MGRP. Since UE complexity is mainly related to measurement gap length, support of 160ms MGRP is also feasible.
Observation 4. 40/80ms MGRP should be necessarily supported. 160ms MGRP is also preferable to be supported.
Proposal 1. In FR1 gap patterns with 40/80ms MGRP and 3ms/4ms MGL, i.e. GP#2, GP#3, GP#7 and GP#8 should be additionally supported.
Proposal 2. In FR1 gap patterns with 160ms MGRP and 3ms/4ms/6ms MGL, i.e. GP#5, GP#9 and GP#11 are preferably to be supported.

In FR2 the discussion is similar to FR1. The SSBs in half frame at maximum take up almost 5ms for 120kHz SSB SCS and around 2ms for 240 kHz SSB SCS. So the 3.5ms MGL and 5.5MGL are both useful. No UE complexity issue can be seen to support shorter MGL.
The 20ms MGRP may be useful in FR2 if the channel changes very quickly. It would be better to support gap patterns with 20ms MGRP. Though 5.5ms MGL with 20ms MGRP could cause throughput loss, it may not need to be mandatory supported. Similar to FR1, 160ms MGRP is also useful and is preferably to be supported.
Proposal 3. In FR2 gap patterns with 40/80ms MGRP and 3.5ms MGL, i.e. GP#17 and GP#18 should be additionally supported. Gap pattern with 20ms MGRP and 3.5ms/5.5ms MGL, i.e. GP#12 and GP#16, should also be additionally supported.
Proposal 4. In FR2 gap patterns with 160ms MGRP and 3.5ms/5.5ms MGL, i.e. GP#15 and GP#19 should be additionally supported.

Applicability of mandatory gap patterns
The additional mandatory measurement gap, if it were agreed, would be used for NR measurements in the first place. According to current RRC signaling structure, For NR SA UE when the UE signal supporting of any gap pattern via NR RRC signalling supportedGapPattern, the gap pattern can be used based on applicability rules in TS38.133. The same applicability rules apply if the gap pattern is mandated. If issues are identified to apply the gap pattern, either change of the applicability rules or improvement of signalling can be considered.
Proposal 5. If issues are identified to apply the gap pattern, either change of the applicability rules or improvement of signalling can be considered.

3. Conclusion
Observation 1. There are throughput loss and increased UE power consumption when longer MGL than necessary has to be used if the suitable gap pattern is not supported by UE.
Observation 2. 3ms MGL and 4ms MGL are necessary in FR1 for sync and async network.
Observation 3. No UE complexity issue is identified to support short MGL.
Observation 4. 40/80ms MGRP should be necessarily supported. 160ms MGRP is also preferable to be supported.
Proposal 1. In FR1 gap patterns with 40/80ms MGRP and 3ms/4ms MGL, i.e. GP#2, GP#3, GP#7 and GP#8 should be additionally supported.
Proposal 2. In FR1 gap patterns with 160ms MGRP and 3ms/4ms/6ms MGL, i.e. GP#5, GP#9 and GP#11 are preferably to be supported.
Proposal 3. In FR2 gap patterns with 40/80ms MGRP and 3.5ms MGL, i.e. GP#17 and GP#18 should be additionally supported. Gap pattern with 20ms MGRP and 3.5ms/5.5ms MGL, i.e. GP#12 and GP#16, should also be additionally supported.
Proposal 4. In FR2 gap patterns with 160ms MGRP and 3.5ms/5.5ms MGL, i.e. GP#15 and GP#19 should be additionally supported.
Proposal 5. If issues are identified to apply the gap pattern, either change of the applicability rules or improvement of signalling can be considered.
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