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Introduction
In RAN4#92, it was agreed to make FR2 gap patterns GP13 and GP14 mandatory in release 15. According to the discussion, there was also an agreement in RAN4
Agreement: RAN4 will in future consider to have additional patterns for both FR1 and FR2, which are mandatory to support by UEs from release 16 onwards.
In this contribution we provide views for the topic.
Discussion
It is beneficial to define additional mandatory gap patterns since the widespread availability of UEs supporting the further gap patterns is then assured in the long term. The current situation is that the supported gap patterns are indicated as UE capabilities in a bitstring, supportedGapPattern. and only the bits corresponding to GP13 and GP14 can be assumed to be set to ‘supported’ by release 15 devices. Considering that different UEs may support any combination of GP12 and GP 15-23, the burden on the gNB if it wants to attempt to use other gap patterns is that it needs to support all gap patterns which might potentially be supported by some UE, and it needs to look at whether any of the gap patterns supported by a particular UE are suitable for its use case (e.g. considering supported MGL against SMTC duration, supported MGRP against needed performance etc.). Hence it would be highly beneficial to ensure some more gap patterns are commonly supported by all release 16 UEs.
Proposal 1: Additional mandatory gap patterns are specified in release 16
FR2 mandatory gap patterns for release 16
GP13 and GP14 both have MGL=5,5ms, allowing for 5ms of useable measurement time when switching time is allowed for. Our view is that SMTC will very commonly have a duration significantly shorter than 5ms, e.g. if the basestation uses significantly fewer than 64 SSB TX beams. The other MGL options for FR2 measurement are 1.5ms (1ms useful measurement time) and 3.5ms (3ms useful measurement time). From these options, 3.5ms MGL is clearly the more useful, since 1.5ms MGRP patterns are only usable with very short SSB bursts with very good timing uncertainty at the UE receiver. 
We also think that 40ms and 80ms MGRP are the most useful settings, considering UE performance and L1 throughput impact. 20ms MGRP causes high throughput impact and is impractical in most cases with MGL=5.5ms and even with MGL=3.5ms the impact may be rather significant considering UE behavior after measurement gap when large TA or MGTA is used. MGRP=160ms is useful for offload measurements so in that sense it can be helpful, however there exist other ways of implementing offload measurements in the network such as using a 40ms or 80ms MGL gap pattern, and then (periodically or otherwise) stopping the gaps if no offload cell is reported.
Based on this, we propose (in priority order) that the following FR2 gap patterns are mandatory for release 16 devices
Proposal 2 : GP17.GP18, GP19, GP16 and GP15 are mandatory for release 16 UEs
FR1 and per UE mandatory gap patterns for release 16
For release 15 devices, GP0 and GP1 are mandatory and ubiquitously useful for NR, LTE, WCDMA and GSM measurement. However, for EN-DC operation, a common use case is that the eNB has no interest configuring in LTE interfrequency measurements. LTE networks deployments are mature, and typically have frequency layers where widespread coverage is available without interfrequency PCell change. Hence, we consider additional mandatory gap patterns mostly from an NR only measurement performance perspective, although we also need to discuss the relationship to “short measurement gap” capability in case LTE measurement objects are considered. Considering firstly MGL, the possible values are 6ms (already mandatory for release 15 devices), 4ms and 3ms, allowing 5ms, 3ms and 2ms of useful measurement time. In FR1, it is rather likely that on some bands multiple TX SSB will not be used and the shortest measurement gaps (3ms MGL) appear to have more widespread usage than their counterparts on FR2. 
The discussion on MGRP is similar for FR1 and FR2. All MGRP have a valid use case, however using the longest gaps (6ms MGL) with the shortest periodicity (20ms) results in very high throughput impact and 160ms is mainly useful for offload due to the lower UE measurement performance. So 40ms and 80ms are the most useful settings. Based on this we propose (in priority order) that the following gap patterns are mandatory for release 16 devices
Proposal 3: NR measurements with GP2, GP3, GP11, GP10 and GP5 are mandatory for release 16 UEs
LTE measurements with short measurement gap for release 16
Currently, if a UE supports a certain measurement gap pattern, then it should support all the valid uses for that measurement gap according to 38.133. For proposal 3, if nothing else is changed, it means that a side effect would be that LTE short measurement gap would be mandatory also (i.e. UE should be able to measure LTE when GP2,3 or 10 are configured, and these patterns are mandatory according to proposal 3.
Since some UE vendors may have a concern to update their LTE modem implementation to support short MG (which has been optional since it was introduced in release 14), we propose to introduce an additional capability.
Indeed, the UE can only indicate support for GP2 and GP3 to the eNB by indicating support for LTE short measurement gaps. Hence, we propose the following additional capabilities
Proposal 4: New UE capabilities are introduced in release 1 6 to indicate
· Support for GP2 with NR measurements only (such UE can indicate no support for shortMeasurementGap in LTE RRC signalling)
· Support for GP3 with NR measurements only (such UE can indicate no support for shortMeasurementGap in LTE RRC signalling_
· A further single bit indicates whether UE supports LTE measurements when GP4, GP6, GP7, GP8 or GP10 are supported and configured
With such capabilities the basic idea is that the network is able to differentiate UE which support full NR+LTE measurement with gap patterns 2,3,4, 6,7 8 or 10 from UE which only support NR measurements.
With this capability, it can be clarified that the mandatory aspect referred to in proposal 3 is only the capability to perform NR measurements.
Conclusions
Proposal 1: Additional mandatory gap patterns are specified in release 16
Proposal 2 : GP17.GP18, GP19, GP16 and GP15 are mandatory for release 16 UEs
Proposal 3: NR measurements with GP2, GP3, GP11, GP10 and GP5 are mandatory for release 16 UEs
Proposal 4: New UE capabilities are introduced in release  16 to indicate
· Support for GP2 with NR measurements only (UE can indicate no support for shortMeasurementGap in LTE RRC signalling)
· Support for GP3 with NR measurements only (UE can indicate no support for shortMeasurementGap in LTE RRC signalling_
· A further single bit indicates whether UE supports LTE measurements when GP4, GP6, GP7, GP8 or GP10 are supported and configured
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