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Introduction
In RAN4#93, under the release 16 RRM enhancement work item there was further discussion on additional mandatory measurement gap patterns, with a way forward containing the agreements:
· Confirmed R15 capability information elements cannot be changed in meaning by any new capability signalling introduced in R16
· Confirmed R15 gap pattern applicability rule is not changed due to introduction of additional mandatory gap patterns in R16 
In practice, these are requirements for backwards compatibility.
In addition, the following way forward was agreed by RAN4:
· 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 applicability 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 applicability will be made in the RAN4#94 meeting.
· LS on RAN4 agreements on UE capability and mandatory measurement gap patterns will be send to RAN2 in the RAN4#94 meeting. 

Discussion
As part of this work, and to ensure that supporting of additional mandatory measurement gaps in release 16 is not too onerous, it was agreed in the way forward to:
· Introduce a new Rel-16 UE capability to indicate measurement gap patterns for 'NR only measurements' 
However, there is no consensus on what is meant by an “NR only measurement”. Specifically, at least the following interpretations can be considered, based on the discussion in RAN4.
Interpretation 1 : An NR only measurement is a measurement of an NR target cell, i.e. supporting release 16 gaps according to the “new” release 16 capability means that the gap pattern is not required to be used for measurements of LTE cells. This simplifies the UE implementation since it is not necessary to introduce functionality equivalent of “LTE short measurement gap” (first introduced in release 14 LTE measurement gap enhancement WI) to support gaps with <6ms MGL. If the UE supports NR measurements with the new gap pattern that is sufficient.
Interpretation 2 : An NR only measurement is a measurement which does not make a corresponding gap in an LTE serving cell. This means that, for example, if a 3ms gap is indicated to be supported as a per-UE gap, or an FR1 NR measurement gap it should not be configured when the UE is operating in EN-DC, SA-LTE or NE-DC mode, since the implication would be that the UE has to make a 3ms gap also in the LTE serving cell.
It could be noted also that interpretation 1 and interpretation 2 may apply together. Illustrating again by example, if the UE is operating in NR SA mode and configured with a 3ms gap (per interpretation 2), such gap is expected to be used only for measurements of NR (per interpretation 1) and not for interRAT measurements of LTE.
It was decided in RAN4#93 that: 
· Additional mandatory gap patterns and new UE capability in Rel-16 are applicable for at least NR SA and NR-DC mode
· FFS applicability for EN-DC, NE-DC, and LTE SA mode
 From our perspective it is unfortunate if the new gap capability cannot be used in any of EN-DC, NE-DC or LTE-SA mode to measure NR target cells, since it means that the usage of legacy gap patterns with 6ms MGL will continue far into the future, even when there is widespread NR coverage and such MGL is not technically motivated for the target measurements being configured.
On the other hand, the concerns of UE chipset vendors are also understandable in this context, in that being required to make release 16 LTE upgrades and firmware changes in order to support some NR release 16 features due to the mandatory gaps which will be applied in release 16 is not desirable from the perspective of the vendor who has to implement the functionality.
In this contribution we propose a compromise, which we hope would allow progress on the issue, while not limiting the use of <6ms MGL gaps from rel16 onwards for NR measurements.
Firstly, our original understanding of “NR only measurement” was aligned with interpretation 1.
Proposal 1 : Supporting release 16 gaps according to the “new” release 16 capability (NR-only) means that the gap pattern is not required to be used for measurements of LTE cells.
This leaves the question of what to expect when the UE has an LTE serving cell, i.e. for LTE-SA, NE-DC and EN-DC operating modes. To compromise, we propose an approach which could be considered is to allow legacy gap duration (i.e. 6ms ) on the legacy LTE RAT, while at the same time ensuring that there are more scheduling opportunities on NR if an NR PCell or PSCell is present. This excludes LTE-SA, since if there is a 6ms gap on LTE and SA operation, then this just corresponds to a legacy gap configuration from both serving and measured cell point of view.
For EN-DC and NE-DC, we therefore propose
Proposal 2: 6ms legacy gap with the same MGRP and same / near same offset is allowed in LTE serving cells when making measurements according to the new release 16 (NR only) gap pattern
Benefits analysis of proposal 2 for NR throughput


Figure 3: UE conducting NR measurements in 3ms gap with MGL 3ms in NR cell(s) and MGL 6ms in LTE cell(s). (a) UE resumes RF operation for LTE cell(s) after 3ms, and (b) UE resumes RF operation for LTE cell(s) after 6ms. 

Figure 1 illustrates the proposed scheme, and two kinds of UE behaviour with respect to radio activity when conducting measurements using an NR gap with MGL 3ms and an LTE gap with MGL 6ms. In this example, the starting points of the NR and LTE gaps are aligned  Figure 1(a) shows a UE that can resume RF activity on the LTE carrier after the 3ms measurement gap, while postponing resume of baseband processing until 6ms. Figure 1(b) shows a UE that resumes RF activity on the LTE carriers after 6ms from the start of the measurement gap. For this case, there may be an interruption of the NR carrier(s), which were already resumed after 3ms when resuming the LTE operation. Whether a UE follows alt-1 shown in figure 1(a) or alt-2 shown in figure 1(b) depends on UE implementation.  
Figure 2 shows the RF reconfiguration times for both options and corresponding potential interruptions to NR for alt-2.


Figure 2: Radio reconfigurations at measurement in 3ms gap for NR and 6ms gap for LTE. S: suspend, R: resume of RF activity. Two alternatives for resume of LTE carrier(s). R1: after 3ms, R2: after 6ms. 
Table 1: Improvement of NR throughput (worst case) for NR measurements in 3ms versus 6ms gap 
	SCS [kHz]
	Duplex
	MGRP 20
	MGRP 40
	MGRP 20
	MGRP 40

	
	
	Alternative 1
	Alternative 2

	FR1

	15
	FDD(1)
	27.3%
	10.0%
	9.1%
	3.3%

	
	TDD(2)
	20.0%
	6.3%
	0%
	0%

	30
	FDD(1)
	24.0%
	9.4%
	16.0%
	6.3%

	
	TDD(2)
	23.1%
	7.5%
	0%
	0%

	60
	FDD(1)
	23.1%
	9.2%
	15.4%
	6.2%

	
	TDD(2)
	29.2%
	9.7%
	12.5%
	4.2%

	FR2

	60
	TDD(3)
	27.6%
	10.5%
	17.2%
	6.6%

	120
	TDD(3)
	22.2%
	8.9%
	14.3%
	5.7%

	NOTE 1:	FDD configuration with 2 slots HARQ feedback time, SMTC 20ms, SMTC window 1 slot.
NOTE 2:	TDD UL-DL configuration is as specified in Table A.3.3.1-1 of 3GPP TS 38.101-1.
NOTE 3:	TDD UL-DL configuration is as specified in Table A.3.3.1-1 of 3GPP TS 38.101-2.



Table 1 shows the relative increase in throughput on a NR serving carrier when a MGL=3ms is used instead of MGL=6ms. Two MGRPs are considered: 20ms and 40ms. For UEs operating according to Alternative 1, there is a significant improvement in NR throughput (6 to 29%) for all duplex modes, SCS configurations, and MGRPs. For UEs operating according to Alternative 2, there is a significant improvement in NR throughput for most cases.
Other considerations
Although we have stated in proposal 2 that the offset should be “same/near same”, it can be discussed further which part of the short and 6ms gaps should be aligned. For example, one possibility is that the gap centres are aligned; (illustrated in figure 3) with a scenario where the NR and LTE gaps are synchronous and in the example 15kHz SC S is used on LTE and 30kHz SCS is used on NR. A 6ms gap is shown for LTE and a 4ms gap is shown for NR, with crosshatching indicating the assumed retuning time, giving 3ms useful measurement time on NR. 

Figure 3 : Illustration of 6ms gap on LTE and 4ms gap on NR with aligned centres. 
The LTE gap is 6ms (6 subframes) and the NR gap is 4ms (8 slots).
The main benefit of aligning the centres of the gaps is that if the LTE and NR RATs are asynchronous, and NR timing is used as the reference for the gap start/end, it is possible to avoid the need to extend the LTE gap by a further 1ms to take account of asynchronous issues; this is illustrated in figure 4 which is similar to figure 3 except that the NR gap is advanced by 0.25ms relative to the LTE gap. 
Figure 4 : Illustration of 6ms gap on LTE and 4ms gap on NR, LTE gap not extended even though LTE and NR are asynchronous.
In figure 4, in the example shown, NR slot boundaries occur 0.25ms earlier than LTE subframe boundaries. However, the LTE measurement gap does not need to be extended to accommodate asynchronous issues since it is already longer than the NR gap.
Observation 1 : If the centre of LTE and NR gaps is used as a reference for timing, further extension due to asynchronous timing between LTE and NR can be avoided.
Specification issues
Finally we consider specification capture issues. For clarity, since the new measurement gaps have different capabilities we think that from a RAN4 specification point of view it would be better to designate gaps supporting NR-only measurement with a different gap pattern ID/designation, even though they have the same parameters such as MGRP, MGL etc., at least from an NR perspective. For example, they could be designated as GP24-31. This particularly simplifies the specification of the applicability table, since it is then clear that any of the existing gaps GP0-11 maintain their existing purpose and applicability, and the UE may indicate support for “NR-only”  measurements by indicating support for GP24-31 in a release 16 extension to its capabilities. It may then be discussed separately which gap patterns out of GP24-31 are mandatory for release 16 devices. An example of gap pattern definition and applicability is given below:

	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

	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

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	3
	20

	25
	3
	40

	26
	3
	80

	27
	3
	160

	28
	4
	20

	29
	4
	40

	30
	4
	80

	31
	4
	160



Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE or NR-E-UTRA dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id

	Per-UE measurement gap
	E-UTRA + FR1, or
E-UTRA + FR2, or
E-UTRA + FR1 + FR2

	non-NR RAT Note1,2 
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11,24-31NOTE 4

	
	
	non-NR RATNote1,2 and FR1 and/or FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	Per FR measurement gap
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2
	0,1,2,3


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11,24-31 NOTE 4 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11,24-31 NOTE 4 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 and FR2
	0, 1, 2, 3, 4, 6, 7, 8,10

	
	FR2 if configured
	
	12-23

	Note:	In E-UTRA-NR dual connectivity mode, if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitored, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.

NOTE 1:	In E-UTRA-NR dual connectivity mode, non-NR RAT includes E-UTRA, UTRA and/or GSM. In NR-E-UTRA dual connectivity mode, non-NR RAT means E-UTRA.
NOTE 2:	Void
NOTE 3:	When E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.
NOTE 4:    When gap patterns 24-31 are used, a 6ms gap is applied on all E-UTRA serving cell(s)



It is also necessary to describe exactly what is meant by a the 6ms gap on LTE in note 4. A possible text proposal is:
When GP24-27 are configured, the UE is not expected to transmit or receive LTE serving cell signals on 2 subframes prior to the start of the NR gap, and 1 subframe after the NR gap. When GP28-31 are configured, the UE is not expected to transmit or receive LTE serving cell signals on 1 subframes prior to the start of the NR gap, and 1 subframe after the NR gap. 
This text covers synchronized NR and LTE for simplicity, however it should be further extended to include the asynchronous case.
Conclusion
In this contribution we further clarify our understanding of “NR only” measurements and make the following proposals to ensure as widespread use as possible for additional gap patterns in release 16
Proposal 1 : Supporting release 16 gaps according to the “new” release 16 capability (NR-only) means that the gap pattern is not required to be used for measurements of LTE cells.
Proposal 2: 6ms legacy gap with the same MGRP and same / near same offset is allowed in LTE serving cells when making measurements according to the new release 16 (NR only) gap pattern
Observation 1 : If the centre of LTE and NR gaps is used as a reference for timing, further extension due to asynchronous timing between LTE and NR can be avoided.
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