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1. Introduction

In RAN4# 94e-bis meeting, the LS on mandatory of measurement gap patterns was approved [1]. The principle of mandatory gap patterns for NR only measurement was agreed. So far the left open issues are,

	· FFS if GP#17, #,18 and GP#19 in FR2 shall be additional mandatory for Rel-16 UE
· FFS if any gap patterns among GP#2, GP#3, GP#6, GP#7, GP#8, GP#9, GP#10 and GP#11 in FR1 shall be additional mandatory for NR only measurement for Rel-16 UE in NR SA and NR-DC operation


This paper continues to provide analysis on the above open issues.
2. Discussion
The SSB in NR is designed as below,
	· Candidate OFDM symbol position within half radio frame for SS/PBCH block for 120/240kHz SCS is modified as below
· 120 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

· 240 kHz subcarrier spacing

· The first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.
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The maximum SS burst set length could be calculated in Table 1.
Table 1. SS block burst length
	
	SCS
	Maximum SS block number (L)

	
	
	4
	8
	64

	Below3GHz
	15 kHz
	2ms
	-
	-

	
	30 kHz
	1ms
	-
	-

	3GHz ~6 GHz
	15 kHz
	-
	4ms
	-

	
	30 kHz
	-
	2ms
	-

	6 GHz ~52.6 GHz
	120 kHz
	-
	-
	4.75ms

	
	240 kHz
	-
	-
	2.25ms


In realistic NR FR1 network, the number of Tx beam is typically less than the maximum SSB number. Then the 6ms MGL which has 5ms effective measurement time seems waste. As the 3ms MGL has the 2ms effective measurement time, and it has more wide applicable scenario. For FR2, e.g., 240kHz SCS, the maximum SSB length is less than 2.25ms. Thus the 3.5ms MGL is an appropriate measurement gap duration for FR2.
Observation 1: 3ms MGL for FR1 and 3.5ms MGL for FR2 has wide applicable scenarios in the realistic network.
· Mandatory gap patterns for FR1
40ms and 80ms MGRP is common and inherent from LTE. The 160ms MGRP has benefit for the long SMTC periodicity configuration. 20ms MGRP can fasten the measurement if the SMTC is not larger than 20ms. So in FR1, the gap patterns with 3ms MGL and (20, 40, 80, 160)ms MGRP are be mandatory for NR only measurement on FR1. Consequently, we suggest to mandate the gap pattern #2, 3, 10, 11 for FR1. According to the agreed LS, gap pattern #2, 3, 10, 11 is mandatory with capability signalling.
Proposal 1: Gap pattern #2, 3, 10, 11 can be mandatory for FR1.

· Mandatory gap patterns for FR2
In R15, it is already agreed in RAN4 [3] that gap pattern #13,14 are mandatory for FR2 MOs with the following applicability. 
	· For NR SA, NR CA and NR-DC cases in Rel-15, when “per-UE MG capable UE has FR2 serving cell only and is configured with FR2 MO only” or “per-FR MG capable UE has a FR2 serving cell and is configured with a FR2 MO”, 
· MG pattern #0 and #1 are not applicable for FR2 MO(s).
· Therefore RAN4 recommends that MG pattern #13 and #14 are mandatory for FR2 MO(s).
· For EN-DC and NE-DC cases in Rel-15, when “per-FR MG capable UE has a FR2 serving cell and is configured with a FR2 MO”, 
· MG pattern #0 and #1 are not applicable for FR2 MO(s).

· Therefore RAN4 recommends that MG pattern #13 and #14 are mandatory for FR2 MO(s).




For the R16 mandatory gap pattern WI, the mandatory principle of gap patterns #13, 14 is not changed. It is agreed in the WF [2],

	· ​Applicability of mandatory gap patterns in GP#12-GP#23 shall follow the Rel-15 applicability table in TS38.133

· Mandatory gap patterns in GP#12-GP#23 are applicable to NR SA, NR DC, NE-DC and EN-DC operations for per-FR gap capable UE
· Mandatory gap patterns in GP#12-GP#23 are applicable to NR SA and NR DC operations for per-UE gap only capable UE



We suggest that all gap patterns with 3.5ms MGL and (20, 40, 80, 160) ms MGRP are be mandatory for NR only measurement on FR2.  Of course, in FR2, whether the long MRGP with 160ms is a typical configuration depends on the realistic deployment. If there is no demand from operators for mandating gap pattern#19, gap pattern#19 can not be considered. 

Proposal 2: Gap pattern #16, 17, 18, 19 can be mandatory for FR2 in R16.

3. Conclusion
This paper provides the analysis on mandatory additional measurement gap patterns. The observation and proposals are observed as below,
Observation 1: 3ms MGL for FR1 and 3.5ms MGL for FR2 has wide applicable scenarios in the realistic network.

Proposal 1: Gap pattern #2, 3, 10, 11 can be mandatory for FR1.

Proposal 2: Gap pattern #16, 17, 18, 19 can be mandatory for FR2 in R16.
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