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Introduction
In RAN4#94e there was further discussion on mandatory gap patterns for NR. Relatively little progress was made, with significant open issues still to be decided in RAN#94bis-e
	· Introduce a new Rel-16 UE capability to indicate measurement gap patterns for 'NR only measurements' 
· NR only measurement is to be clarified. 
· Applicability of additional mandatory gap patterns and new UE capability signalling
· Additional mandatory gap patterns and new UE capability in Rel-16 are applicable for at least NR SA and NR-DC mode
· FFS applicablity for EN-DC, NE-DC, and LTE SA mode
· FFS Mandatory gap patterns for FR1
· FFS Mandatory gap patterns for FR2#
· Decisions on mandatory measurement gap patterns and applicablity will be made in the RAN4#94 meeting.
· LS on RAN4 agreements on UE capability and mandotory measurement gap patterns will be send to RAN2 in the RAN4#94 meeting. 



Discussion
The main discussion relates to the definition of an NR-only measurement, even though without a definition existing it has been agreed that the additional mandatory gap patterns for release 16 shall be for “NR-only” measurements. We begin by recapping the discussion so far:
Concerns were raised in both release 15 and release 16 discussions about the coupling between supporting NR measurements with MGL<6ms, and the corresponding need to support LTE short measurement gap functionality. As a result, Ericsson proposed that “NR-only” measurement would be considered for the additional mandatory patterns, meaning that a UE would not need to implement functionality using sub-6ms gap lengths to measure LTE, GSM or WCDMA target cells. This results in view 1 for an NR only measurement
View 1 : NR only measurement is a measurement of an NR target cell (using a gap of <6ms MGL)
However, some UE chipset vendors also mentioned concerns on the impact to their existing LTE implementation to make a gap of less than 6ms in the reception from/transmission to an LTE serving cell. Hence there was an extra consideration under view 2
View 2 : NR only measurement is a measurement of an NR target cell (using a gap of <6ms MGL) and ensuring that such <6ms gaps do not impact LTE serving cell(s)
In an effort to resolve this deadlock, in RAN4#94e, Ericsson proposed that under the new release 16 gaps, there would be a <6ms gap on any NR serving cells but the corresponding gap on LTE serving cells would be the same duration as legacy (i.e. 6ms). However, in the various email discussions, companies did not express support for this approach.
From our perspective the situation is unfortunate. As LTE networks are mature, the need for interfrequency handover between LTE cells becomes much less (there would be near continuous or nationwide coverage on most frequencies), and gaps in LTE (SA) operation are mostly needed for load balancing or similar. On the other hand, the roll-out of 5G means that gap bead interRAT measurements to find 5G cells (either as candidates for EN-DC PSCell or for NR SA operation) become more prevalent. Once a PSCell has been established in NR, there is still a strong need for gap based intra-frequency NR measurements due to the fact that the intra SSB is not always in the active BWP.
On the other hand, due to the history that short measurement gap was introduced for LTE in quite a late release (R14), chipset vendors are unwilling to make upgrades to their LTE implementation which allows NR measurements to be made efficiently. Hence, we see a strong risk in future that many network implementations are using frequently using 6ms MGL gaps to measure cells which may only have an SSB duration of 1ms or 2ms. Although some UEs may support gap patterns which are not mandatory, if there is no consistency between UE implementations, then the network vendor has to implement the superset of all  UE supported gap patters in the network, and there is no guarantee that a given UE supports a gap pattern that is suitable for the intended network design, so the network may always need to fall back to using 6ms MGL in some cases.
Despite this unfortunate situation, we consider that it is still important to make progress in release 16, and the discussion is currently stalled, as evidenced by the limited progress in RAN4#94-e. Hence, as a compromise we propose that view 2 may be adopted, since the alternative seems to be that nothing better is done in release 16 than was already done in release 15 (i.e. only GP0 and GP1 are mandatory).
Proposal 1 : NR only measurement is a measurement of an NR target cell (using a gap of <6ms MGL) and ensuring that such <6ms gaps do not impact LTE serving cell(s)
We then examine the impact of this proposal for the different UE operating modes, namely
· LTE SA including interRAT measurement of NR candidate cells for handover to NR-SA, or as PSCell for EN-DC
· Configured EN-DC operation
· NR-SA including NR-DC, which also includes interRAT measurement of LTE candidate cells for handover to LTE-SA or as a PSCell for NE-DC
· Configured NE-DC operation
LTE-SA
In this case, there is an LTE serving cell, so any gap based measurement has to use 6ms gap under proposal 1. However, we observe that for UEs which support per-FR measurement gap, then FR2 NR cells can be measured without gap. So there is at least a possibility to avoid configuring 6ms gaps to make NR measurements in FR2 for such UE:
	For per-FR measurement gap capable UE, when serving cells are in E-UTRA and measurement objects are only in FR2,
-	UE can perform such measurements without gap, and
-	UE fulfils the requirements for FR2 measurement objects based on effective MGRP = 20 ms.



Observation 1 : A UE supporting per FR gaps can perform FR2 measurements without gaps in LTE SA operation.
Since this is related to measurement without gaps it does not directly impact the mandatory measurement gap discussion, but nevertheless it is good to recognize that GP0/GP1 do not need to be used in this case.
Configured EN—DC operation
Again there is an LTE serving cell, so the situation depends on whether the UE supports and is configured with per FR measurement gaps. A UE performing only NR FR2 measurement and configured with per FR gaps for the measurement does not need to apply these gaps to the LTE serving cell. In this case, the FR2 measurement gaps are always configured by the NR PSCell RRC, rather than by the LTE PCell RRC entity.
Observation 2 : A UE supporting and configured with per FR measurement gaps can perform FR2 measurements without any gaps in LTE serving cells in EN-DC operation
NR-SA including EN-DC

In this case, the situation is quite straightforward. If there are only NR measurements to be performed, there is no LTE serving cell, so the measurement is “NR-only”. If there are LTE (or WCDMA for SRVCC) then measurement gaps are needed, and GP0 and GP1 are mandatory. Also, in the case of per-FR measurements, even if there is LTE measurement on FR1, the FR2 measurements are FR-only.
Observation 3 A UE configured with only NR measurement objects operating in NR-SA (including NR-DC) is performing NR-only measurements. A UE configured per FR measurement gaps, FR2 measurements and LTE measurements is performing NR-only measurements
NE-DC
Similarly to EN-DC, the UE has an LTE serving cell (in this case PSCell rather than PCell in the EN-DC case). The situation depends on whether the UE supports and is configured with per FR measurement gaps. A UE performing only NR FR2 measurement and configured with per FR gaps for the measurement does not need to apply these gaps to the LTE serving cell. In this case, the FR2 measurement gaps are always configured by the NR PSCell RRC, rather than by the LTE PCell RRC entity.
Observation 4 : A UE supporting and configured with per FR measurement gaps can perform FR2 measurements without any gaps in LTE serving cells in EN-DC operation
The situation is summarized in table 1 and 2 for per UE and per-FR gaps respectively
	
	Scenarios for “NR only” measurement 

	LTE-SA
	N/A

	EN-DC
	N/A

	NR-SA including NR-DC
	No non-NR measurement objects

	NE-DC
	N/A


Table 1:UE not supporting, or not configured with per FR gaps

	
	Scenarios for “NR only” measurement 

	LTE-SA
	FR2 NR measurements (gaps not needed)

	EN-DC
	FR2 NR measurement

	NR-SA including NR-DC
	1) FR1 measurements when there are only NR measurement objects in FR1
2) FR2 only measurements
3)  FR1 + FR2 measurements when there are only NR measurement objects in FR1
4) FR2 measurements when there are non NR measurements in FR1

	NE-DC
	FR2 NR measurement


Table 2:UE supporting and configured with per FR gaps

Conclusions
Observation 1 : A UE supporting per FR gaps can perform FR2 measurements without gaps in LTE SA operation.
Observation 2 : A UE supporting and configured with per FR measurement gaps can perform FR2 measurements without any gaps in LTE serving cells in EN-DC operation
Observation 3 A UE configured with only NR measurement objects operating in NR-SA (including NR-DC) is performing NR-only measurements. A UE configured per FR measurement gaps, FR2 measurements and LTE measurements is performing NR-only measurements

Observation 4 : A UE supporting and configured with per FR measurement gaps can perform FR2 measurements without any gaps in LTE serving cells in EN-DC operation
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