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1 	Introduction
In the last meeting, the objective 2 of NR measurement gap enhancement WI [1] has been discussed and a WF for the multiple concurrent measurement gap in Rel17 was also agreed [2]. In this contribution the following open issues will be further discussed.  
· Applicability of concurrent MGs
· Configuration of concurrent MGs
· RRM requirement impacts
2 [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Configuration of Concurrent MGs
2.1. UE capability related issues
Firstly, in the last meeting, the combinations of per-UE and per-FR gap for the concurrent MGs was discussed. One of important controversial issues is whether the simultaneous per-UE and per-FR concurrent MGs are supported (case 3-6 in the table below).
Table 1. All possible combinations for per-FR gap capable UE
	Index
	# of simultaneous MG
	RAN4 conclusion

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	Supported

	2
	0
	0
	2
	Supported

	3
	1
	0
	1
	FFS

	4
	0
	1
	1
	FFS

	5
	1
	1
	1
	FFS

	6
	2
	2
	0
	FFS

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported




	Issue 2-2-1: Whether to allow simultaneous configuration of per-UE gap and per-FR gap to FR gap capable UEs
· Open issue
· FFS the use case of simultaneous configuring per-UE gap and per-FR gap. Consider the identified use cases to make decision in RAN4#101b-e meeting.
Issue 2-2-2: Max number of concurrent gap across all FRs for per-FR gap capable Ues (without considering MU-SIM and NTN)
· Open issue
· Option 1: 3
· Option 2: 4
· Option 3: Up to UE capability



As we explained in the last meeting, the individual gaps included in these concurrent gaps can be completely independent and reused from MGs defined in Rel16. That is they can be used for any measurements (e.g. SSB, CSI-RS, PRS or others) and be configured as both per-UE and per-FR also as specified in Re1l6 [3, TS38.133]. In other word, whether the gap instance within these concurrent MGs can be configured as per-UE or per-FR is up to UE’s capability like in the legacy MGs in Rel16. In our views, the gap instance configured as concurrent MGs can be gnostic with per-UE or per-FR. 
Observation 1: The concurrent MGs can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR
That is when UE support concurrent MGs, the per-UE gap and/or per-FR gap can be configured simultaneously. 
Proposal 1: Simultaneous configuration of per-UE gap and per-FR gap to FR gap capable UEs shall be allowed if UE support the concurrent gaps. 
As agreed that the max gap number per-FR is 2, it is straightforward to allow max 4 per FR gaps for all FRs(FR1 &2). However, as the concerns on the UE processing capability, we can support the all possible combination except case 6 in the table above. That is:
Proposal 2: The maximum number of supported concurrent gaps across all FRs can be 3. 

2.2. Overhead
The overhead (e.g. how many gaps can be configured as the concurrent gap) was also discussed in the last meeting. One of open issues was self-contained as below.
	Issue 2-4-1: Whether to define the overhead cap
· Open issue
· Option 1: Yes
· Option 2: No 
· Option 3: Introduce a UE capability for those UE who does not need cap 
· 



Obviously, this is two-folder issue. The unscheduled data within a gap may reduce the system efficiency. In order to balance the measurement delay and the system capacity, the maximum number of concurrent multiple gap patterns configured within a period shall be limited. It was noted that overhead requirements may lead some restriction on NW configuration flexibility. However, more importantly it can help to eliminate the overlapping problem. And the high overhead of gap eventually impacts the network efficiency.  
However, how many gap overhead is totally up to NW implementation indeed. And regarding to limited timeline for this WI, we can respect to NW vendors’ s concern to make compromise to Option 2 also.
Proposal 3: No need to define the gap overhead cap.
2.3. Overlapping of the concurrent MGs
In order to avoid the overlapping among the different multiple MG instance configured as one of the concurrent multiple gap patterns, it is nature to separate them with a specific time interval. 
The overlapping may be avoid or alleviated is RAN4 introduce some proximity restriction on the concurrent MGs. And the exact conditions on the proximity for overlapping was FFS according to the agreements [] below.
	Issue 2-3-1: Proximity condition for overlapping
· Agreements (from GTW session on Nov 4th)
· Two measurement gap occasions are defined as colliding (overlapping) if at least one of the following conditions apply
· Condition #1: The gaps are physically fully or partially overlapping in time domain
· Condition #2: The gaps are not physically overlapping in time domain but the minimal distance between the two gap instances is equal or less to X
· X = 1 or 4 ms for FR1
· X = [1, 2, or 4] ms for FR2
· FFS if split between FR1/FR2 is needed



And in our view, a minimum separation between adjacent measurement gaps ( e.g. denoted by “minSeparationTimeConcurrentGAP-RRM”) is also aimed for to avoid the high dense measuring which may require the too high complicated implementation. In other words, UE’s processing time on these measurements shall be considered to define the minimum proximity also. 
Observation 2: UE processing capability shall be taken count into the proximity of two adjacent gap instances in a concurrent measurement gap configuration.
Therefore, we can propose that:
Proposal 4: The minimal distance between two gap instances is equal or less to 4ms for both FR1 and FR2.
The other critical issue on how UE handle the concurrent MGs overlapping issues. 
	Issue 2-3-2: UE behavior during colliding gap occasion
· Open issue
· Option 1: Priority rule 
· UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions
· The priority can be configurable or fixed
· FFS whether to resume data scheduling during dropped gap occasions
· Option 5: Compromised proposal from moderator
· Introduce gap sharing rule. 
· Request RAN2 to reserve some RRC signaling for different sharing factors. 
· The signalling design may consider the possibility of resuming data scheduling on dropped gaps
· Rel-17 requirements will only consider sharing ratios 0% and 100%. 
· The requirements for other sharing factors are FFS in later releases.  
· FFS whether the resume scheduling on those dropped gaps as well as the impact to other intra-frequency measurements


For the gap collision cases, some companies proposed that the priority rules can be applied to UE to enable UE to perform the measurements with higher priority MG. In our view, if such priority rules are determined or known by the NW, the NW need not configure the concurrent multiple gaps for UE because one of them will be deprioritized and not used by UE.
Observation 3: As the network can know the priority of the concurrent gaps which may be overlapping before granting them, the serving gNB can enable/disable either of them.
In principle, it is possible that there is overlapping for the individual measurement gaps within the concurrent MGs (e.g. these two MGs within a specific duration). That is the gap sharing shall be allowed for UE. UE can randomly select either of them to perform the measurement and drop-off the others. Consequently, the measurement delay requirements on these measurements shall be extended with the specific gap sharing factor. 
Proposal 5: Introduce gap sharing rule to handle the overlapping issues in case of concurrent gaps.  
Other issue raised in the last RAN4 meeting is how to define the various overlapping cases. 
	Issue 2-3-3: Company preference on introducing FO, FPO, PFO, PPO scenarios
· Postpone this decision to next meeting


As agreed in the previous meeting, the definition on these scenarios was captured below.
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In our views, PPO is more general using scenario in comparison with others. In other words, with the different gap sharing factor, PPO can represent others. For an example, with gap sharing factor equal to 0, PPO can be FNO. Thus in order to minimize the RAN4 requirements complexity, we can generalize the using scenario as PPO.
Proposal 6: RAN4 can define the requirements for PPO only with the different gap sharing factor. 

3 RRM Requirements
3.1. UE measurement behaviour 
Firstly we can discuss the UE measurement behavior which can impact the measurement delay requirements. 
	Issue 2-7-2: UE measurement behavior after transition
· Open issue
· Option 1: 
· The UE will continue and complete the ongoing measurement on MO1 using MGP1 and meet the corresponding measurement requirement based on MGP1 during this measurement period even if the MO1 is reconfigured to be measured using MGP2.
· UE will perform the measurement on MO2 using MGP2 immediately after the concurrent gaps reconfiguration, if MO2 can’t be measured by MGP1 due to gap offset or  if gap length is not enough.
· After one of concurrent gaps deconfiguration, data scheduling is expected on this disabled MG’s time occasions. 
· Option 2: 
· FFS whether/how to define UE measurement behaviour after transition



In our views, UE measurement with one of independent MG instance in the concurrent MGs is same as the legacy behavior in Rel16. For an example, UE will continue the ongoing measurements with the same way (e.g. same MG instance). Therefore, we can propose that:
Proposal 7: No need to define the new UE measurement behavior after transition when UE’s new MG instance configured. 
3.2. Measurement Delay Requirements
Generally, the new gap pattern configuration will impact the measurement delay requirements. Thus when the concurrent multiple gap patterns introduced in Rel17, the measurement delay requirements for these measurement shall be revisited. Basically, there are also two scenarios below shall be considered.
· Non-overlapping
· Overlapping (PPO)
The other concern is the too complicated requirements shall be considered if we involved the overlapping cases. That is we prefer to start the non-overlapping concurrent MG firstly.  
As a result, for RRM requirements itself, we prefer to define the requirements for the non-overlapping cases as a start point.
Proposal 8: The measurement delay requirement in case of multiple gaps shall be revisited. The non-overlapping scenarios can be studied as a start point.

i. Non-overlapping case
In case of non-overlapping among these gap patterns, the multiple measurements can be performed within the configured gap. For an example, the SSB measurement can be occurred every MGRP1 in Figure 1 and CSI-RS measurement every MGRP2. That is the measurement delay for them can be defined by their MGRP separately. In other words, the measurement requirements for SSB/CSI-RS/PRS in Rel15/Rel16 without the gap sharing can be applicable for the them.
Observation 4: When non-overlapping concurrent measurement gap patterns, the measurement requirements for SSB/CSI-RS/PRS in Rel15/Rel16 without the gap sharing can be applicable for them independently.
Given the gap sharing factor shall be introduced for the overlapping scenarios, we can further discuss how to define the requirements. 
· For the intra-f measurement with gap
The requirements defined in TS38.133 (Table 9.2.6.2-1 and Table 9.2.6.2-2) can be reused but with the updates on CSSFintra
Table 9.2.6.2-1: Time period for PSS/SSS detection (FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(600ms, 5 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(M2Note 1x 5) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	5 x max(MGRP, DRX cycle) x CSSFintra

	NOTE 1:	When highSpeedMeasFlag-r16 is not configured, M2 = 1.5; When highSpeedMeasFlag-r16 is configured, M2 = 1.5 if SMTC periodicity > 40 ms, otherwise M2=1.
NOTE 2:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16] on measurements of the primary component carrier and do not apply to measurements of a secondary component carrier with active SCell.



· For the inter-f measurement with gap
The requirements defined in TS38.133 (Table 9.3.4.- 1 and) can be reused but with the updates on CSSFinter
Table 9.3.4-1: Time period for PSS/SSS detection (Frequency range FR1)
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	 Max(600ms, 8  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(8*1.5)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms 
	8  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.



4 Reply LS for RAN2
In the last RAN2 meeting, the following questions need RAN4 further inputs were included in LS [5]. Hereby we also provide our answers below.
	· Q1 – Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
Yes: The legacy gap can be configured as one of independent gap instance when NW configured the multiple concurrent gaps to the capable UE.  
· Q2 – How many concurrent gaps could be configured simultaneously?
TBD. 
· Q3 – Could concurrent gaps be configured with different gap types (i.e., some gaps are per-UE while some gaps are per-FR)? If so, what is the maximum number of gaps that could be configured simultaneously for each gap type (per-UE /per-FR1/per-FR2)? 
TBD
· Q4 – Is the legacy gap sharing configuration (configured in MeasGapSharingConfig) applicable to Rel-17 concurrent gaps? If ‘yes’, could RAN4 clarify how this would work?
TBD
· Q5 – Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?
According to RAN4 agreements in WF[1], 
	Issue 2-1-3: Whether to support 2G/3G measurement with concurrent gap 
· Agreement
· RAN4 to focus on NR and EUTRAN measurement requirements with concurrent gaps before considering 2G/3G. 
It is up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective



 Up to RAN2 to decide whether to support gap association to 2G/3G from signalling perspective





5 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI are discussed. The proposals can be summarized as:
Observation 1: The concurrent MGs can be any of
· all per-UE, 
· all per-FR (for the same FR), or
· a combination of per-UE and per-FR MG patterns, with at least one per-UE and at least one per-FR

Proposal 1: Simultaneous configuration of per-UE gap and per-FR gap to FR gap capable UEs shall be allowed if UE support the concurrent gaps. 
Proposal 2: The maximum number of supported concurrent gaps across all FRs can be 3. 
Proposal 3: No need to define the gap overhead cap.
Observation 2: UE processing capability shall be taken count into the proximity of two adjacent gap instances in a concurrent measurement gap configuration.
Proposal 4: The minimal distance between two gap instances is equal or less to 4ms for both FR1 and FR2.
Observation 3: As the network can know the priority of the concurrent gaps which may be overlapping before granting them, the serving gNB can enable/disable either of them.
Proposal 5: Introduce gap sharing rule to handle the overlapping issues in case of concurrent gaps.  
Proposal 6: RAN4 can define the requirements for PPO only with the different gap sharing factor
Proposal 7: No need to define the new UE measurement behavior after transition when UE’s new MG instance configured. 
Proposal 8: The measurement delay requirement in case of multiple gaps shall be revisited. The non-overlapping scenarios can be studied as a start point.
Observation 4: When non-overlapping concurrent measurement gap patterns, the measurement requirements for SSB/CSI-RS/PRS in Rel15/Rel16 without the gap sharing can be applicable for them independently.
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* Fully non-overlapped (FNO): All gap occasions of 2 MGs are disjoint in time.
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* Fully-overlapped (FO): Every gap occasion of one MG is fully covered by every gap occasion of another MG with
the same periodicity
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¢ Fully-partial overlapped (FPO): Every gap occasion of one MG is partially overlapped by every gap occasion of another MG
with the same periodicity
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« Partially-fully overlapped(PFO): Every gap occasion of one MG is fully covered by gap occasion of another MG with the
different periodicity
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« Partially-partial overlapped(PPO): Every gap occasion of one MG is partially covered by gap occasion of another MG with
the different periodicity
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