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1. Introduction
In RAN4#88 measurement gap applicability was discussed, and a way forward was agreed in [1]. In this paper, we discuss further the issues.
2. Discussion

Currently, whenever an LTE measurement object is configured, only gap pattern ID 0-3 (MGRP=40ms or 80ms and MGL=3 or 6ms) can be used. Moreover, only certain UE may support MGL=3 depending on their support for shortMeasurementGap-r14 in LTE. In RAN4#87, RAN4 requested RAN2 to confirm if RAN2 has specified the capability indication signalling of supporting or not supporting short measurement gap (pattern #2 and #3) in NR standalone operation for LTE measurement, and if this signalling hasn’t been specified, RAN4 respectfully ask RAN2 to specify it in R15 specification.
In our view, this represents a significant limitation of usage of the new gap patterns introduced for NR, since it will often be necessary to configure LTE measurement objects, either in EN-DC operation as interfrequency handover candidates, or in particularly in SA operation where it can be envisaged that first NR roll-out does not provide widespread NR coverage, as SA interRAT handover candidates. Such limitation applies either to per UE gaps, or to FR1 gaps in case per FR gaps are used. On the other hand, the limitation simplified the work in RAN4 since it meant that no new gap applied to LTE, which meant that there was minimal update necessary to LTE gap-based measurement requirements.

Table 1 shows the relevant gap pattern IDs to consider for the analysis; we separately consider the impact of supporting different MGRP (20ms or 160ms) and MGL=4ms
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160


Supporting 20ms and 160ms MGRP with LTE measurement objects
We think that gap pattern 4 may be straightforwardly supported even with LTE measurement objects configured. Since the purpose is to extend gap applicability rather than enhance LTE measurement performance, from an LTE perspective we do not need to define a shorter measurement delay with MGRP=20ms. Naturally, NR measurement delays are reduced with MGRP=20ms compared with MGRP=40ms.

Proposal 1: Gap pattern ID=4 applicability may be extended to be used to measure LTE measurement objects, and the same LTE measurement delay is specified as for gap pattern 0

The case for gap pattern 5 is slightly more complicated, because the LTE measurement opportunities are limited to once every 160ms. In principle, this could be reflected by updating the LTE requirements to extend measurement delays by a factor of 2 compared with gap pattern 1 (80ms). Given that this may have impact to UE LTE implementation and it seems a bit questionable that the network would wish to configure many measurement objects with MGRP=160ms, we do not see a strong need to do this
Proposal 2: Gap pattern ID=5, 9 and 11 applicability is not extended
Supporting 4ms MGL with LTE measurement objects
4ms gap is not suitable to measure LTE frequency layers with arbitrary timing due to the 5ms PSS/SSS sync periodicity in LTE. For UE which support shortMeasurementGap-r14, and the corresponding NR SA equivalent capability, it seems feasible to support LTE measurements with 4ms MGL provided that the target cell is sufficiently well aligned with the UE serving cell.

In theory it would be possible to extend the PSS/SSS sync window by 1ms compared with the case of MGL=3ms, however we do not see a compelling need to do this. Again, the main motivation to extend measurement gap applicability is not to enhance LTE requirements but rather to ensure that gap patterns which are beneficial for NR measurements can also be used when LTE measurements are additionally configured.
Proposal 3: LTE PSS/SSS search window with MGL=4ms is the same as MGL=3ms

Taking proposals 1-3 together, the following LTE requirements reuse can be envisaged
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Extend
	LTE requirements
	Support by UE without support for shortMeasurementGap-r14

	0
	6
	40
	N/A
	Already specified
	Yes

	1
	6
	80
	N/A
	Already specified
	Yes

	2
	3
	40
	N/A
	Already specified
	No

	3
	3
	80
	N/A
	Already specified
	No

	4
	6
	20
	Yes
	Same as for gap pattern 0 (proposal 1)
	Yes

	5
	6
	160
	No
	Not proposed to be specified (proposal 2)
	N/A

	6
	4
	20
	Yes
	Same as for gap pattern 2 (proposal 1, proposal 3)
	No

	7
	4
	40
	Yes
	Same as for gap pattern 2 (proposal 3)
	No

	8
	4
	80
	Yes
	Same as for gap pattern 3 (proposal 3)
	No

	9
	4
	160
	No
	Not proposed to be specified (proposal 2)
	N/A

	10
	3
	20
	Yes
	Same as for gap pattern 2
	No

	11
	3
	160
	No
	Not proposed to be specified
	N/A


UE capabilities

Earlier RAN4 sent an LS with the following action for RAN2

· RAN4 respectfully asks RAN2 to confirm if RAN2 has specified the capability indication signaling of supporting or not supporting short measurement gap (pattern #2 and #3) in NR standalone operation for LTE measurement, and if this signaling hasn’t been specified, RAN4 respectfully ask RAN2 to specify it in R15 specification.
The concern was that some UE will not support short measurement gaps for LTE as it is optional for release 14 LTE UEs. In an EN-DC scenario, the serving eNB will be aware of UE capabilities and whether the UE supports shortMeasurementGap-r14 and can configure measurement gaps correctly. The gNB however, may not be aware of this aspect of the UE’s LTE capabilities especially in SA operation and needs to obtain the UE LTE capability.

Since RAN2 already has the liaison statement,  and the issue is already applicable for gap pattern ID=2,3 we do not see a strong relationship to this discussion, although knowledge of the same capability would be needed by the gNB to configure gap pattern 6,7,8 or 11 according to our proposals.
3. Conclusion

In this contribution we discuss gap pattern applicability and propose to extend the applicability of gap patterns 4,6,7,8 and 10 for E-UTRA measurement. We also provide consideration on how to handle the LTE requirements for each of these cases and propose
Proposal 1: Gap pattern ID=4 applicability may be extended to be used to measure LTE measurement objects, and the same LTE measurement delay is specified as for gap pattern 0

Proposal 2: Gap pattern ID=5, 9 and 11 applicability is not extended

Proposal 3: LTE PSS/SSS search window with MGL=4ms is the same as MGL=3ms

Taking proposals 1-3 together, the following LTE requirements reuse can be envisaged
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Extend
	LTE requirements
	Support by UE without support for shortMeasurementGap-r14

	0
	6
	40
	N/A
	Already specified
	Yes

	1
	6
	80
	N/A
	Already specified
	Yes

	2
	3
	40
	N/A
	Already specified
	No

	3
	3
	80
	N/A
	Already specified
	No

	4
	6
	20
	Yes
	Same as for gap pattern 0 (proposal 1)
	Yes

	5
	6
	160
	No
	Not proposed to be specified (proposal 2)
	N/A

	6
	4
	20
	Yes
	Same as for gap pattern 2 (proposal 1, proposal 3)
	No

	7
	4
	40
	Yes
	Same as for gap pattern 2 (proposal 3)
	No

	8
	4
	80
	Yes
	Same as for gap pattern 3 (proposal 3)
	No

	9
	4
	160
	No
	Not proposed to be specified (proposal 2)
	N/A

	10
	3
	20
	Yes
	Same as for gap pattern 2
	No

	11
	3
	160
	No
	Not proposed to be specified
	N/A
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