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1. Introduction
In RAN4#84 meeting, RAN4 had extensive discussion on measurement gap for NR, and some initial agreements were reached the design of measurement gap pattern. The related agreements are copied as follows [1]. 
	MGL:
· MGL=6ms is agreed
· It is FFS to introduce MGL shorter than 6ms for both sub-6GHz and mmWave
MGRP:
· For NSA
· MGRP: 40ms, 80ms, 160ms
· If there is LTE inter-frequency layer to be monitored, 160ms MGRP won’t be used.
· RAN4 will not define LTE inter-frequency requirements based on 160ms MGRP
· It is FFS if shorter MGRP is needed
· For SA
· Candidates: 40ms, 80ms, 160ms
· It is FFS if shorter MGRP is needed
Companies are encouraged to provide their opinion on the question “How likely NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer?”
· It is noted that when SMTC period is smaller than MGRP, only partial of SMTC can be covered by the measurement gap.
· It is noted that measurement gap can be used for all RAT including LTE and NR.
 



In this contribution, we further discuss the design of measurement gap pattern for NR and provide our consideration and proposals on NR measurement gap pattern.
2. Discussion
RAN1 agreed that the transmission of SS blocks is confined to the 5ms window, therefore, RAN4 agreed that 6ms measurement gap length can be uses as baseline for SS block based cell identification and measurement. Moreover, regarding RRM measurement based on SS block, RAN1 made the agreements as follows on SMTC information configuration for intra-frequency and inter-frequency:
	Agreements:
1. Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
0. For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
0. UE can be informed of which cell(s) is associated with which measurement window periodicity
0. For cell(s) that is not listed, longer measurement window periodicity is used
0. Single measurement window offset and duration are configured per frequency carrier
0. For IDLE mode measurements, only single SMTC is configured per frequency carrier
0. For inter-frequency CONNECTED mode measurements, only single SMTC is configured at least per frequency carrier
0. RAN1 asks RAN4 if there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers
Agreements:
A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band


 
For intra-frequency measurement, it is agreed single SMTC with up to two measurement window periodicities can be configured. And in last RAN4 meeting, the intra-frequency and inter-frequency definition in NR was agreed in [1], there will be two categories of measurement for intra-frequency measurement in NR, e.g. intra-frequency measurement without RF retuning and intra-frequency measurement with RF retuning. Thus, measurement gap pattern should be considered when UE performing intra-frequency cell measurements.
Figure 1 shows the example of measurement gap pattern design for intra-frequency measurement, the same SS block window offset value are configured for different neighbour cells, e.g. offset = 0. Although the SS block periodicities are configured with 20ms and 40ms differently, UE can detect and measure multiple neighbour intra-frequency cells during one measurement gap duration.


Proposal 1: For intra-frequency measurement with single SMTC information (up to two measurement window periodicities can be configured in connected mode), the gap pattern of MGL=6ms and MGRP={40ms, 80ms, 160ms} can be defined.
For inter-frequency RRM measurement, SMTC information is frequency carrier specific, that’s to say the SMTC can be different for each inter-frequency carrier. In the LS, RAN1 asked RAN4 to confirm that there is any concern for inter-frequency measurement based on single SMTC or multiple SMTCs across different frequency carriers. 
In last RAN4 meeting, one of the important discussion topics is whether the measurement gap pattern should be defined by per UE or per CC, which has the pros and cons, respectively. So, some companies propose NW can configure a single measurement gap pattern to cover the union of SMTC of different frequency layer, the value of SS block offset and MGRP should have some restriction each other, they cannot be any value arbitrary. 
Figure 2 shows the example of measurement gap pattern design for inter-frequency measurement when SS block periodicity is larger than or equal to MGRP. If the values of SS block offset for inter-frequency carriers are 0 or multiple times of MGRP, a single measurement gap pattern can cover all different frequency layers (f1, f2 and f3). If the value of SS block offset is smaller than MGRP, e.g. frequency 2 and measurement gap pattern 2, the measurement gap cannot measure the SMTC of frequency layer 2. 


Observation 1: When SS block periodicity is larger than or equal to MGRP, a single measurement gap pattern can cover the union of SMTC of different frequency layers if the values of SS block offset equal to 0 or .
Figure 3 shows the example of measurement gap pattern design for inter-frequency measurement when SS block periodicity is smaller than MGRP. If the values of SS block offset for inter-frequency carriers are 0 or multiple times of SS block periodicity, a single measurement gap pattern can cover all different frequency layers (f1, f2 and f3). 


Observation 2: When SS block periodicity is smaller than MGRP, a single measurement gap pattern can cover the union of SMTC of different frequency layers if the values of SS block offset equal to 0 or .
From these observations, it is indicated that the value of SS block offset can be configured with 0 or multiple times of the minimum value between SS block periodicity and MGRP, as illustrated in figure 2.


	
Proposal 2: If a single measurement gap pattern can cover the union of SMTC of different frequency layers, the SS block offset for inter-frequency layers can be configured as 0 or .
If a single measurement gap pattern is used to measure the union of SMTC of different frequency layers, for each measurement gap opportunity, all the UEs in the serving cell will interrupt the scheduling of serving cell and switch to measure the target frequency layer at the same time duration, it will degrade significantly the serving cell throughput performance during the measurement gap duration, the throughput of serving cell would be 0 for the worst case, thus, the impact of throughput of serving cell should be take into account if a single measurement pattern is used to cover the union of SMTC of different frequency layers.   
Proposal 3: If a single measurement pattern is used to cover the union of SMTC of different frequency layers, the impact of throughput of serving cell should be take into account.
3. Conclusion
In this contribution, we further discuss the design of measurement gap pattern for NR and provide our observations and proposals on NR measurement gap pattern as follows:
Proposal 1: For intra-frequency measurement with single SMTC information (up to two measurement window periodicities can be configured in connected mode), the gap pattern of MGL=6ms and MGRP={40ms, 80ms, 160ms} can be defined.
Observation 1: When SS block periodicity is larger than or equal to MGRP, a single measurement gap pattern can cover the union of SMTC of different frequency layers if the values of SS block offset equal to 0 or .
Observation 2: When SS block periodicity is smaller than MGRP, a single measurement gap pattern can cover the union of SMTC of different frequency layers if the values of SS block offset equal to 0 or .
Proposal 2: If a single measurement gap pattern can cover the union of SMTC of different frequency layers, the SS block offset for inter-frequency layers can be configured as 0 or .
Proposal 3: If a single measurement pattern is used to cover the union of SMTC of different frequency layers, the impact of throughput of serving cell should be take into account.
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