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Introduction
In last RAN4 meeting, RAN4#92 in Ljubljana, RAN4 once again discussed the aspect of additional mandatory gaps patterns for NR. RAN4 has also discussed this topic in earlier meetings – e.g. RAN4#90bis meeting in Xi’an, where the open issue of which gap pattern or patterns should be mandatory to support by the UE in FR2 was discussed. 
So far no agreement has been reached as companies wanted more time to study. In RAN4#92 meeting it was then agreed to include the topic in the WID NR RRM enhancement in R16 [RP-192157]. In this paper we give our view on which gap pattern(s) to support.
Discussion
During the RAN#85 plenary the WID NR RRM enhancement in R16 [RP-192157] was updated to include a new topic related to mandatory gap patterns:
1. 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. 

When discussing measurement gap patterns and which gap patterns should be mandatory to be supported by the UE, it is important to discuss this from a system point of including:
· UE impact and complexity from supporting additional gap patterns, and
· Network impact in terms lost scheduling opportunities. 
RAN4 has of course already defined a number of different gap patterns. So far only GP#0 and GP#1 are mandatory for the UE to support. Rest of the GP’s are optional for the UE (and the network) to support. 

Gap pattern discussion
Not defining additional mandatory gap patterns for the UE would make it very complex on network to achieve the possible benefits from any of the new gap patterns defined for NR – which were defined in order to ensure an efficient system. 
Allowing UE to indicate support for any GP and rely on each UE specific indication for ensuring system efficiency will put an unreasonable burden on the network as the network would have to support all possible GPs. Otherwise there might be situations where the UE indicates support for a given GP or GPs which are not supported by the network. Additionally, with the current situation where we only have 2 mandatory GPs, the specific UE would be impacted as the UE would not be able to be configured to its full potential, unless the network supports the GP. 
Having a decision on which new GP’s should be mandatory, based on which GP’s would be most useful and bring most gain, would be more efficient in terms of ensuring that these GPs will also be supported in the field.
To decide on the mandatory GP or GPs it is worth looking at the overall system design for NR and LTE.

Measuring NR in SA with PCell in FR2
In this case the UE in SA with PCell in FR2 and would need to support measurements of other inter-frequency NR carriers and Inter-RAT LTE carriers.
If the UE is configured to perform gap assisted measurements on another NR carrier, the gap length should be aligned with the number of SSBs used on the carrier. I.e. the network will configure the SMTC according to the time needed for the UE to ensure that the UE can measure all SSBs on the carrier. 
For FR1 the number of SSBs would be either up to 4 or up to 8, while for FR2 the number of SSBs can be up to 64. 
If the network uses 64 SSBs on the carrier the UE would need 5ms to measure all SSBs plus additional switching of 2*.25ms. this means that in order to enable the network to configure and the UE to measure all SSBs on such carrier, the UE would need to support MGL=5.5ms
To cover the situation where the network uses less than 64 SSBs, or when FR1 carrier would need to be measured by the UE, a shorter MGL should be supported. E.g. if the UE is to measure an FR1 carrier an MGL shorter than 5.5ms will be enough in most situations.
To support NR FR2 measurements, MGL=5.5ms is needed.
To support NR FR1 measurements, MGL=3.5ms is needed.

Measuring LTE in SA with PCell in FR2
If the UE is in SA mode and having PCell in FR2 while having to measure an LTE carrier, an MGL suitable for LTE measurements would need to be possible to configure. As the PSS/SSS in LTE are repeated every 5ms and the switching time in FR2 is assumed to .25ms, an MGL of 5.5ms seems suitable.
To support LTE measurements, MGL=5.5ms is needed.

EN-DC UE with per-FR measurement and FR2 MO configured
In this case the PSCell is assumed being in FR2 and the UE is configured with an FR2 carrier to be measured. As discussed in section 2.1.1 this would in worst case mean that the MGL has to be 5.5ms to enable the UE to measure all SSBs on the carrier.
To support EN-DC per-FR FR2 measurements when PSCell is FR2, MGL=5.5ms is needed.
In order to support the case where a lower number of SSBs would be needed in the measured MO it would beneficial from system performance to support also a shorter MGL. For this case MGL=3.5ms seems reasonable.
For EN-DC per-FR FR2 measurements when PSCell is FR2, MGL=3.5ms would be beneficial.

Summary and recommendation for FR2 mandatory MGLs
From the discussion we see that in order to enable prober measurement of the UE the network would need to be able to configure the UE with MGL of 5.5ms and 3.5ms. Essentially, only 5.5ms MGL is needed to support all needs, but this has negative impact on the system performance for the situations where the SMTC (i.e. number of used SSBs is low). Hence, we propose that it would be mandatory for the UE in FR2 to support 5.5ms and 3.5ms MGL:
For FR2 the UE shall as minimum support MGL of 5.5ms and 3.5ms.

Measurement gap repetition periodicities
Once the MGL is decided, next to discuss is the measurement gap repetition periodicity. In NR we have up to different periodicities defined: 20, 40, 80 and 160ms measurement gap repetition periodicity.
From network point of view, it is preferred if the UE supports any of the 4 periodicities. This would allow network to define the periodicities according to the current needs. The exact needs for gap patterns the future may be difficult to predict currently. However, we have additional complexity in NR related to overlapping SMTC, RLM etc. and it may be necessary to support even short periodicity of 20ms. Additionally, it may also be beneficial to support the longer periodicity to allow UE measurements with a low rate which could enable additional UE power savings.
Measurement gap repetition periods of 20ms, 40ms, 80ms and 160ms are supported.

Supported Gap Patterns
Based on above discussion we propose UE mandatory support of following gap patterns for the case under discussion:
Following GPs are mandatory for FR2:
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160




Conclusion
In this paper we discuss the open issue raised in RAN4#90bis meeting regarding mandatory gap pattern in FR2. Based on the analysis we observe
1. To support NR FR2 measurements, MGL=5.5ms is needed.
1. To support NR FR1 measurements, MGL=3.5ms is needed.
1. To support LTE measurements, MGL=5.5ms is needed.
1. To support EN-DC per-FR FR2 measurements when PSCell is FR2, MGL=5.5ms is needed.
1. For EN-DC per-FR FR2 measurements when PSCell is FR2, MGL=3.5ms would be beneficial.
Based on which we propose:
1. For FR2 the UE shall as minimum support MGL of 5.5ms and 3.5ms.
1. Measurement gap repetition periods of 20ms, 40ms, 80ms and 160ms are supported.
1. Following GPs are mandatory for FR2:
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160
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