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1 Introduction
In this paper, we discuss measurement gap(MG) configuration in NR with regard to SA and NSA based on agreed WF[1] in last meeting. 
2 Discussion 
In the last RAN4 meeting, the followings related to MG were agreed in WF. 

	· 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 the agreed WF,  third bullet is needed to be clarified because it is ambiguous whether it is related to synchronous NW or a-synchronous NW or both. 

In general NR can be configured in SA or NSA under synchronous NW or a-synchronous NW as follows. 
· NR scenarios
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Therefore we would like to discuss a single MG configuration for the four cases such as NR-SA-Synchronous NW, NR-SA-Asynchronous NW, NR-NSA-Synchronous NW and NR-NSA-Asynchronous NW. For the configuration of MG, SMTC needs to be considered together for discussion of  how likely NW to configure a single MG pattern to cover the union of SMTC of different frequency layer. 
MG is configured with MGL, MGRP and MG Offset(MGO). And SMTC is configured with SMTC Periodicity(SMTCP) and SMTC offset(SMTCO). Currently, decision for MG and discussion for SMTC are as follows.
· MG

· MGL = 6ms

· MGRP = 40ms, 80ms, 160ms

· MGO = 0,1,…,39 or 0,1,…,79 or [0,1,…,159] (ms)

· SMTC
· SMTCP = [20], [40], [80], [160], [320] ms
· SMTCO = [0,1,…,19], [0,1,…,39], [0,1,…,79], [0,1,…,159], [0,1,…,319] (ms),

· NR-SA-Synchronous NW
In case of NR-SA-Synchronous NW, timing references of all different frequencies are assumed to be same and synchronized. Therefore, a single MG is applicable for SMTC of different frequencies.
· Observation 1: In case of NR-SA-Synchronous NW, a single MG is applicable for SMTC of different frequencies.
When periodicity of SMTCs is smaller than MGRP, it was noted that only partial of SMTC can be covered by the MG. It is not efficient in aspect of losing serving cell schedule. Therefore, this configuration is not recommended.

When periodicity of SMTCs is equal to MGRP, all SMTCs are overlapped with a single MG. It raises issue, i.e., which frequency is measured among different frequencies? One thing is for NW to indicate the measured frequency to UE. It requires an additional signaling. The other thing for UE to decide the measured frequency among the different frequencies in SMTCs.

When periodicity of SMTCs is larger than MGRP, it is possible to configure a single MG to cover the union of different SMTCs. So, it can be recommended. However, the configurable MG and SMTC is limited as seen in table 2.1. The total number of possible SMTC configurations which are covered with a single MG is as follows.

· Number of possible configuration of SMTCs(for SMTCP = 80ms, 160ms, 320ms)

· 2~8 when MRGP = 40ms

· 2~4 when MGRP = 80ms

· 2 when MGRP = 160ms

Table 2.1. Possible configuration of SMTCs when SMTCP > MGRP

	
	Covered # of SMTCs
(Possible SMTCO = X*MGO, X)
	

	SMTCP

MGRP
	80
	160
	320
	Total
	Possible Configuring SMTCs

	40
	2

(X={1,2})
	-
	-
	2
	2x{80}

	
	-
	4

(X={1,2,3,4})
	
	4
	4x{160}

	
	-
	-
	8

(X={1,2,3,4,5,6,7,8})
	8
	8x{320}

	
	1

(X={1})
	2

(X={2,4})
	-
	3
	1x{80}+2x{160}

	
	1

(X={1})
	-
	4

(X={2,4,6,8})
	5
	1x{80}+4x{320}

	
	-
	1

(X={1})
	6

(X={2,3,4,6,7,8})
	7
	1x{160}+6x{320}

	
	-
	2

(X={1,2})
	4

(X={3,4,7,8})
	6
	2x{160}+4x{320}

	
	-
	3

(X={1,2,3})
	2

(X={4,8})
	5
	3x{160}+2x{320}

	
	1

(X={1})
	1

(X={2})
	2

(X={4,8})
	4
	1x{80}+1x{160}+2x{320}

	80
	
	2

(X={1,2})
	-
	2
	2x{160}

	
	
	-
	4

(X={1,2,3,4})
	4
	4x{320}

	
	
	1

(X={1})
	2

(X={2,4})
	3
	1x{160}+2x{320}

	160
	
	
	2

(X={1,2})
	2
	2x{320}


For example, from Table2.1, one possible configuration for which union of SMTCs is covered by a single MG is that MG is configured with {MGRP,MGO}={40ms,0ms} and 4 SMTCs are configured with {SMTCP, SMTCO}={80ms, 0ms},{160ms,40ms}, {320ms,120ms},{320ms,280ms}. Figure2.1 shows the example.

[image: image2.emf]80

320

SMTC 80ms

SMTC 160ms

SMTC 320ms

O1

O2

O3

MGRP=40ms

160

320

SMTC 320ms

O4

Applied MGRP


Figure2.1. Example of MG(MGRP=40ms) & 4 SMTCs for NR-SA-Synchronous NW

· Observation 2: The possible configuration of MG and SMTCs is limited as seen in table 2.1 when periodicity of SMTC is larger than MGRP in NR-SA-Synchronous NW.
· Proposal 1: NW can configure a single MG to cover the union of SMTC of different frequencies when periodicity of SMTC is larger than MGRP in NR-SA-Synchronous NW.
· NR-SA-Asynchronous NW

In case of NR-SA-Asynchronous NW, timing references of different frequencies are assumed to be different and not synchronized. Even though all SMTCs are configured with same SMTCP and same SMTCO, SMTCs are not aligned practically due to different timing reference of a-synchronous NW. Therefore a legacy single MG is not applicable for SMTC of different frequencies. Instead of that, per-CC based MG like LTE can be considered. That says, per-frequency based MG can be configured. However, it requires more complicated management of MGs and more interruption to serving cell scheduling. Therefore, per-CC based MG(multiple MGs) is not recommended in a-synchronous NW. As alternative, a new single MG can be taken into account. It consists of union of multiple SMTCs with limitation of which one MGL is allowed per one MGRP. 
Figure 2.2 shows one example for MG configuration with MGRP = 40ms and 4 SMTCs with {SMTCP, SMTCO}={80ms, 0ms},{160ms,65ms}, {320ms,140ms},{320ms,290ms}. A new single MG is configured to cover SMTC partially with different MGO when MGRP < SMTC. 
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Figure2.2. Example of MG(MGRP=40ms) & 4 SMTCs for NR-SA-Asynchronous NW
· Observation 3: In case of NR-SA-Synchronous NW, a legacy single MG is not applicable for SMTC of different frequencies.
· Proposal 2: NW can configure a new single MG to cover the union of SMTC of different frequencies when periodicity of S is larger than MGRP in NR-SA-Asynchronous NW. 
· One candidate is that MG is configured as union of multiple SMTCs with limitation of which one MGL is allowed per one MGRP.
· NR-NSA-Synchronous NW

In case of NR-NSA-Synchronous NW, timing references of all different frequencies are assumed to be same and synchronized. Therefore, a single MG is applicable for SMTC of different frequencies.

· Observation 4: In case of NR-NSA-Synchronous NW, a single MG is applicable for SMTC of different frequencies.
Similar to NR-SA-Synchronous NW, when periodicity of SMTCs is larger than MGRP, it is possible to configure a single MG to cover the union of different SMTCs. This configuration can be recommended. 
Figure 2.3 shows the example for MG configuration with {MGRP,MGO} = {40ms, 0ms} and 3 SMTCs with {SMTCP,SMTCO} = {160ms, 40ms},{320ms, 120ms},{320ms,280ms}.
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Figure2.3. Example of MG(MGRP=40ms) & 4 SMTCs for NR-NSA-Synchronous NW

· Proposal 3: NW can configure a single MG to cover both the different frequencies in LTE and the union of SMTC of different frequencies in NR when periodicity of SMTC is larger than MGRP in NR-NSA-Synchronous NW.
· NR-NSA-Asynchronous NW

In case of NR-NSA-Asynchronous NW, timing references of different frequencies are assumed to be different and not synchronized. Therefore, like NR-SA-Asynchronous NW, a legacy single MG is not applicable for SMTC of different frequencies.
· Observation 5: In case of NR-NSA-Synchronous NW, a legacy single MG is not applicable for SMTC of different frequencies.
As alternative, a new single MG can be taken into account. It consists of both partial MG for inter-frequency measurement in LTE and union of multiple SMTCs for inter-frequency measurement in NR with limitation which one MGL is allowed per one MGRP. The MG can be applied to UE as follows.

· If SMTC exists in a certain duration of MGRP

· MG position is replaced with SMTC

· Else

· MG position is kept

Figure 2.4 shows the example for MG configuration with {MGRP,MGO} = {40ms,0ms} and 3 SMTCs with {SMTCP, SMTCO}={160ms,65ms},{320ms,140ms},{320ms,290ms}. 
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Figure2.4. Example of MG(MGRP=40ms) & 4 SMTCs for NR-NSA-Asynchronous NW

Based on the analysis, we propose a following.
· Proposal 4: NW can configure a new single MG to cover the union of SMTC of different frequencies in NR as well as to cover inter-frequency measurement in LTE when periodicity of SMTC is larger than MGRP in NR-NSA-Asynchronous NW. One candidate is as follows
· If SMTC exists in a certain duration of MGRP

· MG position is replaced with SMTC

· Else

· MG position is kept
3 Conclusion
In this paper, we analysed how likely NW can configure a single MG pattern to cover the union of SMTC of different frequency layer for 4 scenarios such as NR-SA-Synchronous NW, NR-SA-Asynchronous NW, NR-NSA-Synchronous NW and NR-NSA-Asynchronous NW. For each scenario, candidate were provided with examples. Based on the analysis, our observations and proposals are as follows.

· Observation 1: In case of NR-SA-Synchronous NW, a single MG is applicable for SMTC of different frequencies.
· Observation 2: The possible configuration of MG and SMTCs is limited as seen in table 2.1 when periodicity of SMTC is larger than MGRP in NR-SA-Synchronous NW.
· Observation 3: In case of NR-SA-Synchronous NW, a legacy single MG is not applicable for SMTC of different frequencies.
· Observation 4: In case of NR-NSA-Synchronous NW, a single MG is applicable for SMTC of different frequencies.
· Observation 5: In case of NR-NSA-Synchronous NW, a legacy single MG is not applicable for SMTC of different frequencies.
· Proposal 1: NW can configure a single MG to cover the union of SMTC of different frequencies when periodicity of SMTC is larger than MGRP in NR-SA-Synchronous NW.
· Proposal 2: NW can configure a new single MG to cover the union of SMTC of different frequencies when periodicity of S is larger than MGRP in NR-SA-Asynchronous NW. 
· One candidate is that MG is configured as union of multiple SMTCs with limitation of which one MGL is allowed per one MGRP.
· Proposal 3: NW can configure a single MG to cover both the different frequencies in LTE and the union of SMTC of different frequencies in NR when periodicity of SMTC is larger than MGRP in NR-NSA-Synchronous NW.
· Proposal 4: NW can configure a new single MG to cover the union of SMTC of different frequencies in NR as well as to cover inter-frequency measurement in LTE when periodicity of SMTC is larger than MGRP in NR-NSA-Asynchronous NW. 
· One candidate is as follows
· If SMTC exists in a certain duration of MGRP

· MG position is replaced with SMTC

· Else

· MG position is kept
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