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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]At the RAN4 #86 meeting, some agreements related to the gap sharing scenarios has been achieved [1]. Companies are encouraged to provide views on collision between measurement gap (MG) and SMTC occasions/RLM resources.  
1. 5 SSB based UE activities for consideration to share the MG. 
· RLM
· Measurement Type A: Intra-frequency measurement w/o MG and w/o interruption
· Measurement Type B: intra-frequency measurement with interruption
· Measurement Type C: intra-frequency measurement with MG
· Measurement Type D: inter-frequency measurement and inter-RAT measurement
2. 9 gap sharing scenarios for consideration. 
· Fully overlapped scenarios:
· Scenario 1a: Fully overlapped between MG and SMTC in Type A
· Scenario 1b: Fully overlapped between MG and SMTC in Type B
· Scenario 1c: Fully overlapped between MG and RLM
· Partially overlapped scenarios:
· Scenario 2a: Partial overlapped between MG and SMTC in Type A
· Scenario 2b: Partial overlapped between MG and SMTC in Type B
· Scenario 2c: Partial overlapped between MG and RLM
· Fully non-overlapped scenarios:
· Scenario 3a: Fully non-overlapped between MG and SMTC in Type A
· Scenario 3b: Fully non-overlapped between MG and SMTC in Type B
· Scenario 3c: Fully non-overlapped between MG and RLM
3. The gap sharing table will be finalized in RAN4 #86Bis meeting.      














As we know, the measurement gap was first introduced for UE to conduct the measurement that needs RF tuning, i.e., for UE measurement Type C and Type D. For a given combination of SMTC configurations and MG pattern, if UE conduct the others UE activities, e.g., RLM, during the gap occasions, it might further delay the reporting times of Type C and Type D. On the other hand, for those activities that do not need RF tuning, there is an extra data throughput loss for each gap occasion due to 0.5~1ms unused RF tuning margin. Therefore, before we specify the corresponding requirement, the discussion is needed on whether this scenario is absolutely necessary or whether it can be precluded by the network (NW). In this paper, we list the scenarios which practical impacts are not clear yet and provide the views from UE perspective.  
2	Discussion
The 9 gap sharing scenarios for consideration are list in Table 1. Among these scenarios, 1c has already been precluded in RAN4 #86 meeting, while the requirements for 3a and 3b will be anyway specified. Therefore, in this paper, we only focus on the following issues:
· Whether it is necessary to specify the corresponding requirements of scenarios 1a, 1b, and 3b 
· Whether requirements of scenarios 2a, 2b, and 2c are specified with the assumptions that measurements are conducted only outside the MG, only within MG or both. 
	
	MG & Type A
	MG & Type B
	MG & RLM

	Fully overlapped
	1a
	1b
	1c

	Partial overlapped
	2a
	2b
	2c

	Fully non- overlapped
	3a
	3b
	3c


Table 1: The 9 gap sharing scenarios



[bookmark: _GoBack]2.1 SMTC occasions are fully overlapped with MG (1a and 1b)
Certainly gap sharing is needed for scenario 1a and 1b. However, gap sharing will prolong inter-frequency measurement delay, leading to worse mobility performance. Moreover, measuring intra-frequency layers inside MG only results extra throughput loss (comparing to outside MG) because:
· The RF tuning time is provided in MG but not needed here.
· For 1a, all slots in gap are not usable for data transmission, even though the SMTC duration is far shorter than MG. (Note that UE can still receive data during SMTC, if SSB is outside gap.)
· For 1b, even the OFDM symbols not carrying SSB are not usable for data transmission, no matter the sync indication is given by network or RSRQ is not configured. 
In our opinion, scenarios that need gap sharing should be avoided as much as possible.
[bookmark: _Ref510706734]Observation 1: Scenarios 1a and 1b are not preferred due to degraded inter-frequency measurement performance and throughput loss due to unnecessary RF tuning time. These two scenarios should be avoided by NW.

In Figure 1, we provide 2 SMTC and MG configurations for intra-frequency measurement. To avoid 1a and 1b while maintaining the robustness in measurement due to BWP switching, Fig 1(a) is a preferred configuration. When SSB is in UE’s BWP, UE takes the SSB occasions outside gap. When SSB is not in UE’s BWP, UE takes the SSB occasions collided with gap. In this case, SSB occasions are always available to UE, and no RRC-reconfiguration is needed before or after BWP switching. On the other hand, when Type C is conducted, Figure 1(b) and Figure 1(a) are the same to UE because UE can only perform Type C measurement in MG. 


(a) SMTC and MG for configurations 1


(b) SMTC and MG configurations 2
Figure 1: Two examples of SMTC and MG configurations for intra-frequency measurement.

2.2 SMTC occasions are fully non-overlapped with MG (3b)
The concern that companies had for this scenario is low data throughput. As shown in Figure 2, when NW configures 20ms MGRP, and 4ms MGL and 5ms SMTC window duration, the totally time period left for data transmission among the MGRP is 11ms only. It means that the scheduling opportunity for data transmission is 11/20, which is rather low. 
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Figure 2: An example of SMTC occasions of Type B are fully non-overlapped with MG.

From our points of view, the data throughput are already enhanced by larger carrier bandwidth in FR2. If the low scheduling opportunity is still a concern, NW can always try to configure longer MGRP and longer SMTC periodicity to lower the total interruption ratio. It is a network optimization issue. As long as the requirement is clear, it helps NW further optimize these RRC parameters. We don’t see any issues to specify the corresponding requirement in this scenario.
[bookmark: _Ref510711665][bookmark: _Ref510625910][bookmark: _Ref510706764]Observation 2: There is no issue to specify the corresponding requirement in scenario 3b. As long as the requirement is clear, it helps NW further optimize SMTC and MG configurations.

2.3 SMTC occasions are partially overlapped with MG (2a, 2b, and 2c)
In RAN4 #86, it was agreed to further consider measurement in scenarios 2a, 2b, and 2c based on 3 directions: 1) measured within MG only, 2) measured both within and outside MG, and 3) measured outside MG only. The combinations are listed in Table2. 
Table 2: The detail gap sharing scenarios for further study
	
	Within MG only
	within/outside MG
	Outside MG only

	2a (Type A)
	FR1 (Note 2)
FR2 (Note 1)
	FR1
FR2 (Note 1)
	FR1
FR2 (Note 1)

	2b (Type B)
	FR1
FR2
	FR1
FR2
	FR1
FR2

	2c (RLM)
	FR1 (Note 2)
FR2
	FR1
FR2
	FR1
FR2

	* Note 1: There is no Type-A measurement in FR2, hence the corresponding aren’t needed
* Note 2 : For those scenarios can be certainly avoided by NW, the corresponding requirements aren’t needed



As we explained in our previous paper [2], there are too many scenarios need to be considered if RLM shares MG with intra-frequency measurement and inter-frequency measurement. Besides, there is no possibility for RAN2 to add additional RLM gap sharing signaling at this stage. So we propose that scenario 2c can only be measured outside the MG only.
[bookmark: _Ref510626008][bookmark: _Ref510706602]Proposal 1: The requirement of scenario 2c is specified under the case that measurements are conducted only outside the MG.

Mandating 2b to be measured within MG only does not make sense. Since UE already has SMTC occasions outside MG, those SMC occasions are always available to UE. Limiting the measurement only within gap leads to longer intra-frequency measurement delay and sacrifices the inter-frequency measurement performance. 
[bookmark: _Ref510706615]Proposal 2: The requirement of 2b should not be specified under the case that measurements are conducted only within MG.

Then what we needs to further make decision is on whether 2a and 2b can also be conducted within MG, given that outside MG is already needed.
To conduct the Type A and Type B in MG, NW should also provide the additional gap sharing factors to UE. Unfortunately, we cannot reuse the existing gap sharing factor, because the existing one is used for Type C, which cannot perform any measurement outside MG. But here, 2a and 2b still have the SMTC occasions outside MG. It is fine for 2a and 2b to share less gap occasions than Type C. In other words, it is infeasible to reuse the gap sharing factor that was designed for Type C directly to 2a and 2b. 
[bookmark: _Ref510707083]Observation 3: New gap sharing factor needs to be introduced if 2a and 2b are to be conducted within MG.

To introduce a new gap sharing factor is not an easy job because not only the values needs to be determined, but also the inter-action with the existing gap sharing factor needs to be clearly defined. In Table 3, we list some possibilities under the assumption that only Type A, Type B, Type C and Type D share MG.  

Table 3: An example of gap sharing table when considering Type A/B, Type C, and Type D.
	
	
	
	

	Pattern 1
	0
	2
	2

	Pattern 2
	2
	0
	2

	Pattern 3
	4
	4
	2

	Pattern 4
	3
	3
	3



Similar with the problem in Section 2.1, NW signaling for BWP change is faster than NW signaling for gap sharing factor change for particular intra-frequency layer. Therefore, it is impossible to change the gap sharing factor as frequently as BWP can be changed. For example, originally there are 4 Type C intra-frequency carriers and 4 Type D inter-frequency carriers to be measured. Therefore, pattern 1 is configured by NW to give UE an appropriate measurement ratio. Then suddenly 2 BWPs of Type C intra-frequency carriers are changed and become Type B intra-frequency carriers. So there are 2 Type B, 2 Type C, and 4 Type D carriers to be measured. Mismatch occurs between the practical NW deployment and the requirements. Then the existing gap sharing factors becomes infeasible until UE gets the new RRC re-configuration from NW. 
[bookmark: _Ref510707089][bookmark: _Ref510625974]Observation 4: Before UE gets RRC re-configuration information from NW to update the gap sharing factors, mismatch between requirements and practical NW deployment may occur due to BWP change.

Type B is considered measuring within the MG because it will cause the interruption for data transmission. In Figure 3, we show 2 configurations to compare the schedule opportunities between measuring Type B within and outside the MG, under the condition that measurement delays of Type B in these two configurations are the same. In Figure 3 (a) when NW configures 20ms MGRP for Type B and Type D with 5.5ms MGL. The average scheduling opportunity ratio is 29/40. On the other hand, in Figure (b) the NW configures 40ms MGRP for Type D with 5.5ms MGL, and 5ms slots containing SSBs plus data symbols before and after the SSBs for Type B. The average scheduling opportunity ratio is 29.5/40, which is higher than configuration Figure 3(a). (Note that those OFDM symbols not carrying SSB may be still available for data transmission, but not counted yet.) According to the above evaluation results, masuring Type B within the MG has lower throughput. And this conclusion can be easily extended to Type A. 
[bookmark: _Ref510711437]Observation 5: Conducting Type A and Type B measurement in MG will cause extra throughput loss. 



(a) Measure Type B within the MG.


(b) Measure Type B outside the MG.
Figure 3: Compare the scheduling opportunities between two configurations.

It is desired that intra-frequency measure has shorter delay requirement than inter-frequency. Therefore, conducting Type A and Type B only outside MG might lead to long intra-frequency measurement delay. In our opinion, this concern can be solved by configuring shorter SMTC periodicities for them. Sharing gaps with Type C and Type D would sacrifices the performance of Type C and Type D, and reduce the overall data throughput. And it is not clear that how much reduction on the measurement delay for Type A and Type B we can get. Therefore, we propose that requirement of Type B should be specified based on the assumption that measurement is conducted only outside the MG.
[bookmark: _Ref510711465]Proposal 3: The requirements of scenario 2a and 2b are specified under the case that measurements are conducted only outside the MG.
4	Summary 
In this contribution, we observe that
Observation 1: Scenarios 1a and 1b are not preferred due to degraded inter-frequency measurement performance and throughput loss due to unnecessary RF tuning time. These two scenarios should be avoided by NW.
Observation 2: There is no issue to specify the corresponding requirement in scenario 3b. As long as the requirement is clear, it helps NW further optimize SMTC and MG configurations.
Observation 3: New gap sharing factor needs to be introduced if 2a and 2b are to be conducted within MG.
Observation 4: Before UE gets RRC re-configuration information from NW to update the gap sharing factors, mismatch between requirements and practical NW deployment may occur due to BWP change.
Observation 5: Conducting Type A and Type B measurement in MG will cause extra throughput loss.

And we propose
Proposal 1: The requirement of scenario 2c is specified under the case that measurements are conducted only outside the MG.
Proposal 2: The requirement of 2b should not be specified under the case that measurements are conducted only within MG.
Proposal 3: The requirements of scenario 2a and 2b are specified under the case that measurements are conducted only outside the MG.
5	Reference 
[1] R4-1801829, Wayforward on UE measurement gap for NR, Intel, Feb. 2018.
[2] R4-1800111, Discussion on Gap Sharing, Mediatek, Jan. 2018.
image2.emf
SSB SSB SSB SSB

MG MG MG MG


Microsoft_Excel_Worksheet2.xlsx
工作表1

		SSB								SSB								SSB								SSB

		MG								MG								MG								MG








image3.emf
TypeB TypeB TypeB TypeB

typeD typeD typeD

MG MG MG MG MG MG MG


Microsoft_Excel_Worksheet3.xlsx
工作表1

		TypeB								TypeB								TypeB								TypeB

						typeD								typeD								typeD

		MG				MG				MG				MG				MG				MG				MG






image4.emf
TypeB TypeB TypeB TypeB

typeD typeD typeD

MG MG MG


Microsoft_Excel_Worksheet4.xlsx
工作表1

		TypeB								TypeB								TypeB								TypeB

						typeD								typeD								typeD

						MG								MG								MG






image1.emf
SSB SSB SSB SSB SSB SSB SSB

MG MG MG MG


Microsoft_Excel_Worksheet1.xlsx
工作表1

		SSB				SSB				SSB				SSB				SSB				SSB				SSB

		MG								MG								MG								MG








