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1 Introduction

In RAN4#84bis and RAN4#85 meetings and the following agreements were reached regarding measurement gap [1][2].

	Measurement gap patterns

· RAN4 considers that measurement gap repetition periods (MGRP) of 20ms, 40ms, 80ms and 160ms should be specified configured by LTE RRC signaling specified in 36.331 and also configured by NR RRC specified in 38.331 

· RAN4 considers that there will be 6 options for measurement gap length (MGL) for NR

· In total, there are therefore 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. 4 of these options are expected to correspond to the already existing LTE gap pattern IDs 0, 1, 2 and 3. Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15.

· RAN4 may still discuss, and if agreed, define in 38.133 that only a subset of the 24 gap pattern IDs are applicable for measurements in certain scenarios which would be identified and defined by RAN4.

· Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap. 

Usage of measurement gaps

· RAN4 has discussed the following use cases for measurement gaps

· Measurement of interfrequency NR cells,

· Measurement of intrafrequency NR cells when the intrafrequency SS burst is not within the UEs active bandwidth part and hence the UE needs to perform RF retuning.

· RAN4 is still discussing if gap or other mechanism is used for

· Intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block

· In case gaps are used, or in case UE needs gaps for other purposes (e.g. interfrequency measurements), RAN4 assumption is that a single gap pattern as mentioned  in the measurement gap patterns section will be used.

· For monitoring of multiple frequency layers with gaps, RAN4 view is some UE may need per UE gaps to measure in either LTE and/or FR1 and/or FR2 while other UE may be able to measure with independent and potentially different gap patterns (including no gap pattern) for LTE/FR1 and FR2 serving cells (including different MGRP, MGL and offset). 

· In any case that gaps are needed, the UE is not expected to measure SS blocks which are not within the available measurement time in the gap.  

UE capabilities

· For UE capabilities, RAN4’s agreements are

· The capability to concurrently perform intrafrequency measurement on serving cell or neighbor cell and receive PDCCH or PDSCH from the serving cell with a different numerology is a band independent UE capability

· From RAN4 perspective, a capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 is recommended. RAN4 will work on specifications for independent gap measurement configuration on a best effort basis. 

· needforGaps capability signaling would reduce needed gaps in LTE+NR NSA operation and therefore is beneficial for capable UEs. RAN2 is recommended to evaluate the feasibility of extending the LTE ‘needforGaps’ signaling to include LTE+NR NSA operation_.

Intra/inter gap sharing

· Since gaps are used for both intra and interfrequency measurements, RAN4 view is discussing that the sharing of gaps between intra measurement and inter-measurement may need to be configurable. RAN4 is working on the exact details of intra/inter gap sharing schemes and anticipates the need for a configuration similar to the one used for LTE category M1 measurements in 36.331:

MeasGapSharingConfig field descriptions

measGapSharingScheme

Indicates the measurement gaps sharing scheme for BL UEs in CE mode A and CE mode B, see TS 36.133 [16, Table 8.13.2.1.1.1-2 and Table 8.13.3.1.1.1-3]. Value scheme00 corresponds to “00”, value scheme01 corresponds to “01”, and so on.

RAN4 believe that a maximum of 4 configurable sharing schemes would be suitable.


In this contribution, we discuss the NR measurement gap configuration issues related to RAN2, and provide our proposals correspondingly.   
2 Discussion

In LTE system, the measurement gap for intra-frequency is not defined, since the UE can perform the measurements on neighbour cells based on implementation. The only target which should be satisfied is the accuracy requirements defined in RAN4. The reason behind is that the UE can receive the Reference Signal from intra-frequency neighbours anytime when needed, because there is CRS transmitted in each LTE cells.

However, for NR system, in some cases, the gap is also needed when performing intra-frequency measurements as follows:

(1) Measurement of intrafrequency NR cells when the intrafrequency SS burst is not within the UEs active bandwidth part;
(2) RAN4 is discussing about intrafrequency measurements within the active BW part on FR2 due possible RX beamforming

(3) RAN4 is discussing about intrafrequency measurements within the active BW part with a different numerology between data/control and SS block
Although (2) and (3) is not finally decided in RAN4, but still the measurement gap in intra-frequency case should be supported. Therefore,

Proposal 1: In NR system, the measurement gap is needed for intra-frequency case at least when the intra-frequency SS burst is not within the UEs active bandwidth part.
Besides, RAN4 has decided the following parameters for measurement gap configuration:

· 6 options for measurement gap length (MGL);

· 4 measurement gap repetition periods (MGRP) of 20ms, 40ms, 80ms and 160ms.
And also, RAN4 decided that Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15. Therefore, there will be in total 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. And this is also indicated in [2]. 
Table 1. Measurement gap patterns configuration

	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

	FFS: [4]
	[6]
	[20]

	[5]
	6
	160

	FFS: [6]
	[4]
	[20]

	[7]
	4
	40

	[8]
	4
	80

	[9]
	[4]
	[160]

	[10]
	3
	20

	[11]
	3
	160

	FFS: [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]


Proposal 2: At least 24 gap pattern ID should be supported. 
Besides, it was also agreed “Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap.”, therefore, the measurement gap offset corresponding to 24 gap pattern IDs could be configured as in LTE.

Proposal 3: The measurement gap offset corresponding to the gap pattern IDs could be configured as in LTE. 

Regarding the capability about measurement gap, RAN4 was proposing a capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 is recommended. In our understanding, this is reasonable since FR1 covers the NR frequencies below 6GHz, while FR2 covers the NR frequencies above 6GHz, and UE could use two complete separate RF chains to perform the transmitting and receiving through those two frequencies, therefore, it is obvious for some UE that independent measurement gap configurations could be supported for FR1 and FR2 respectively. 

Proposal 4: It’s proposed to at least support independent measurement gap configurations for NR frequencies below 6GHz and above 6GHz.

Besides, RAN4 also considered that needforGaps capability signaling would reduce needed gaps in LTE+NR NSA operation and therefore is beneficial for capable UEs. Thus, RAN2 is recommended to extend the LTE ‘needforGaps’ signaling to include LTE+NR NSA operation. In current LTE specification, the needforGaps can be supported for both inter-frequency and inter-RAT cases; therefore, based on our understanding, same design principles in LTE could be borrowed to support LTE+NR NSA cases. For example, the inter-frequency needforGaps could support NR-NR inter-frequency measurement in NSA case, while the inter-RAT needforGaps could support LTE-NR EN-DC measurement in NSA case.
Proposal 5: The LTE+NR NSA operation could be supported based on the design principles for inter-frequency needforGaps (NR to NR) and inter-RAT needforGaps (LTE to NR).
Besides, based on the LS, RAN4 also considered that the sharing of gaps between intra measurement and inter-measurement may need to be configurable, since gaps are used for both intra and interfrequency measurements. However, from RAN2 perspective, this is still not clear, therefore,

Proposal 6: RAN2 can further consider the sharing of gaps when more progress reached in RAN4.
3 Conclusions:

In this contribution, we discuss the detailed issues for NR measurement gap configurations, and provide the proposals as follows:

Proposal 1: In NR system, the measurement gap is needed for intra-frequency case at least when the intra-frequency SS burst is not within the UEs active bandwidth part.
Proposal 2: At least 24 gap pattern ID should be supported. 
Proposal 3: The measurement gap offset corresponding to the gap pattern IDs could be configured as in LTE. 

Proposal 4: It’s proposed to at least support independent measurement gap configurations for NR frequencies below 6GHz and above 6GHz.

Proposal 5: the LTE+NR NSA operation could be supported based on the design principles for inter-frequency (NR to NR) and inter-RAT (LTE to NR).
Proposal 6: RAN2 can further consider the sharing of gaps when more progress reached in RAN4.
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