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1 Introduction
In this paper, we discuss measurement gap(MG) for NR with regard to SS burst set periodicity(SSBP) based on agreement[1] in last meeting. 
2 Discussion 
In the last RAN4 meeting, the followings related to MG were agreed. 

	· MGL:
· For SS block based cell identification and measurement, 6ms MGL is used as baseline 
· The requirement shall apply provided that at least the subset of measurement gap contains the 5ms window of SS blocks;
· MGRP
· 40ms, 80ms could be a starting point for defining MGRP in NR.
· For NSA, MGRP for NR measurement shall not be smaller than 40ms.


The MG is requested to identify and measure target cells due to RF tuning and/or Rx beam switching from serving cell to target cell in RRC_Connected State. It is assumed for UE to know target cell lists, SS burst set periodicity (SSBP) and SS burst set offset (SSBO).

For analysis of required MG, same or different SSBO are assumed to be configured for target cells. And SSBP is assumed to be configured differently. 

· Case1 : Same SSBO + Different SSBP

· Case2 : Different SSBO + Different SSBP

Figure 2.1 shows one example for case1 with same SSBO of 0 and 6 different SSBP such as 5ms, 10ms, 20ms, 40ms, 80ms and 160ms. Configured measurement gap offset (MGO) is assumed to be aligned with SSBO.
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Figure2.1. MG for different SSBP with same SSBO

For each MGRP, the number of SS burst which is overlapped with window of MGL is different according to time of MGL. Table2.1 summarizes it and shows that total time for measurement of 6 different SSBs is shorter in smaller MGPR. 
Table 2.1. Number of SS burst in each window of MGL for 6 different SSBPs with same SSBO
	# of SSB in window of MGL
	Time position of MGL
	Measured total time for 6 SSBPs

	
	0ms
	40ms
	80ms
	120ms
	160ms
	

	MGRP=40ms
	6
	4
	5
	4
	6
	200ms

	MGRP=80ms
	6
	-
	5
	-
	6
	400ms

	Note : assume one-shot measurement in measured total time


· Observation 1: In case of different SSBP with same SSBO, total measurement time for SSBs is shorter in smaller MGPR.
Figure 2.2 shows one example for case2 with different SSBO of 0 and 6 different SSBP such as 5ms, 10ms, 20ms, 40ms, 80ms and 160ms. MGO is assumed to be aligned with SSBP of 5ms(i.e., SSBO=0).
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Figure2.2. MG for different SSBP with different SSBO

Table2.2 summarized the number of SS burst which is overlapped with window of MGL for each MGRP. 
Table 2.2. Number of SS burst in each window of MGL for 6 different SSBPs with different SSBO 
	# of SSB in window of MGL
	Time position of MGL
	Measured total time for 6 SSBPs

	
	0ms
	40ms
	80ms
	120ms
	160ms
	

	MGRP=40ms
	1
	1
	1
	1
	1
	∞

	MGRP=80ms
	1
	-
	1
	-
	1
	∞

	Note : assume one-shot measurement in measured total time


From Table 2.2, it is not possible to identify and measure all target cells in case of different SSBO. 
· Observation 2: In case of different SSBP with different SSBO, it is not possible to identify and measure all target cells with existing MG.
Therefore, how to make it possible should be discussed. There can be 2 options according to allowing multiple MGL in one MGRP or not. Option1 is to allow multiple MGL in one MGRP. Time position of each MGL is aligned with each SSBO in different frequencies. Option2 is to allow single MGL in one MGRP with different SSBO in different MGRP cycle.

· Option1 : multiple MGL in one MGRP

· Time position of each MGL = each SSBO, for all MGRP cycles
· Option2 : one MGL in one MGRP

· Time position of MGL = different SSBO for different MGRP cycle

· Order which is applied with different SSBO is from minimum of SSBO to maximum of SSBO in configured SSBOs. 

Figure 2.3 shows option1 and option2 with SSBP = 20ms, 40ms, 80ms  and corresponding SSBO = 5ms, 15ms, 30ms for different frequencies respectively.
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Figure2.4. 2 Options for MG for different SSBP with different SSBO

From Figure2.4, option1 has total 18ms for windows of MGL in one MGRP and 3 different target cell measurements can be performed in one MGRP. It means that total measurement is performed in short time but serving cell is not serviced during long time about 45%.  Option2 has 6ms of MGL in one MGRP and one target cell measurement can be performed in one MGRP. It means that total measurement is performed in a little bit long time but serving cell is not interrupted except for 6ms of MGL.
Table 2.3 summarized the number of SS burst which is overlapped with total window of MGL in one MGRP. 

Table 2.3. Number of SS burst in one MGRP for 3 different SSBPs with different SSBO 
	
	MGRP of 40ms
	MGRP of 80ms

	
	Total window of MGL in one MGRP
	# of SSB total window of MGL in one MGRP
	Measured total time for 3 SSBPs
	Total window of MGL in one MGRP
	# of SSB total window of MGL in one MGRP
	Measured total time for 3 SSBPs

	Option 1
	18ms(3x6)
	3
	40ms
	18ms(3x6)
	3
	80ms

	Option 2
	6ms
	1
	120ms(3x40)
	6ms
	1
	240ms(3x80)

	Note : assume one-shot measurement in measured total time


Regarding one measurement per MGRP in existing system, option2 is preferable. 
· Proposal 1: In case of different SSBP with different SSBO, 6ms of MGL per MGRP cycle should be configured with different offset to contain each SSB as option2.
For analysis on whether other MGRP, i.e, 160ms is beneficial or not, same SSBP and same SSBO are assumed for 2 target cells as Figure2.4. Here, MG is assumed to be configured for PScell.
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Figure2.4. MG vs SMTC for same SSBP and same SSBO for 2 target cells

In Figure2.4, MGRP is set to 80ms and SSBP is set to 160ms. And, SSBO for target cells is aligned with MGO. In this case, there is no measurement for target cells in highlighted grid red window of MGL. It is not beneficial. Therefore, MGRP of 160ms is more beneficial configuration for not giving PScell interruption in schedule.

To avoid not used MGL and different MGO in single MG, SSBO needs to be configured with N times MGRP  as Figure2.5. In figure2.5, SSBO for first target cell with frequency of f1 is set to MGO and SSBO for second target cell with frequency of f2 is set to MGO+MGRP.
· f1 target cell’s SSBO & SMTCO = MGO

· f2 target cell’s SSBO & SMTCO = MGO + MGRP
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Figure2.5. MG vs SMTC for same SSBP and different SSBO for 2 target cells

Comparing Figure2.4 and Figure2.5, configuration of different SSBO for target cells is more beneficial in aspects of measurement opportunity.
· Proposal 2: MGRP of 160ms is needed to be defined for case that SSBP is configured with 160ms and SSB is configured with same value(i.e, MGO) for all target cells with different frequencies.  
· Proposal 3: For beneficial use of MG in target cells with different frequencies, each SSBO and each SMTCO should be configured to contain window of MGL such that there is no empty MGL for measurement.
3 Conclusion
In this paper, we provided 2 cases for discussion on measurement gap as follows.
· Case1 : Same SSBO + Different SSBP

· Case2 : Different SSBO + Different SSBP

From analysis of 2 cases, we observed as follows.
· Observation 1: In case of different SSBP with same SSBO, total measurement time for SSBs is shorter in smaller MGPR.
· Observation 2: In case of different SSBP with different SSBO, it is not possible to identify and measure all target cells with existing MG.
To solve problem of observation 2, we considered 2 options as follows.

· Option1 : multiple MGL in one MGRP

· Time position of each MGL = each SSBO, for all MGRP cycles
· Option2 : one MGL in one MGRP

· Time position of MGL = different SSBO for different MGRP cycle

· Order which is applied with different SSBO is from minimum of SSBO to maximum of SSBO in configured SSBOs. 

Based on analysis of the options and SSBO which is aligned with MGO+N*MGRP, we proposed as follows. 

· Proposal 1: In case of different SSBP with different SSBO, 6ms of MGL per MGRP cycle should be configured with different offset to contain each SSB as option2.
· Proposal 2: MGRP of 160ms is needed to be defined for case that SSBP is configured with 160ms and SSB is configured with same value (i.e, MGO) for all target cells with different frequencies.  
· Proposal 3: For beneficial use of MG in target cells with different frequencies, each SSBO and each SMTCO should be configured to contain window of MGL such that there is no empty MGL for measurement.
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