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1. Introduction
In RAN#100-e meeting, multiple concurrent and independent MG patterns was discussed and the related WF was approved in [1]. In this contribution, we would like to further discuss the requirements for concurrent measurement gaps and provide our proposals.
2. Discussion
Applicability and configurations
For the case with only non-NR RAT measurement objectives, it is FFS whether the concurrent gap applies or not. According to our understanding, in case when UE moves out of NR cell coverage and enters into the LTE cell coverage, network may configure only LTE measurement objective. Thus, it is beneficial to configure the concurrent gap for the non-NR RAT measurements. In addition, UE should have the capability to support inter-RAT E-UTRAN measurement with concurrent gaps. 
[bookmark: _GoBack]Proposal 1: It is allowed to be configured with concurrent MG to perform only non-NR RAT measurements provided that the UE is capable to support inter-RAT E-UTRAN measurement with concurrent gaps.
UE capability related issues
	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


Regarding the issue on whether to allow simultaneous configuring per-UE gap and per-FR gap when UE supports per-FR gap. According to the e-mail discussion, the controversial issue is whether this use case is only applicable to PRS measurement. From our perspective, the per-UE gap, e.g. only GP#24 and #25 can be configured for PRS measurement exclusively for per-FR capable UE. And there is system throughput degradation to configure other per-UE gap for an per-FR capable UE, as there will be 0.5ms loss compared with per-FR gap configuration. 
Proposal 2: For an UE supporting per-FR gap, the use case of simultaneous configuring per-UE gap and per-FR gap is only allowed when per-UE gap is associated to PRS measurement.
It was agreed that the maximum number of supported concurrent gap is assumed 2 as a starting point for per-UE capable UE. And for per-FR capable UE, it is assumed maximum 2 concurrent MG in an FR as the starting point, and FFS the maximum number of supported concurrent MG across all FRs. From our perspective, 2 concurrent gaps in a FR can reduce up to 50% measurement delay, which can guarantee the mobility performance and the throughput performance, and we don’t see the necessity to introduce 2 concurrent gaps for both FRs simultaneously. Thus, we prefer to have maximum 3 concurrent measurement gap across all FRs. 
Proposal 3: For per-FR capable UE, the maximum number of the concurrent measurement gap across all FRs is 3.
Overlapping issues
And in RAN4#101e meeting, the definition of overlapping gaps are agreed as follows:
	· 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


Regarding the proximity condition for overlapping gaps, the minimum distance is FFS, in my understanding, UE would need the additional time to process the received RS signals in gap instance and prepare another measurement in the next gap instance. Thus, it is proposed that the minimum distance between two gap instances is equal or less than 4ms for both FR1 and FR2.
Proposal 4: The minimum distance between two gap instances is equal or less than 4ms for both FR1 and FR2.
Regarding the UE behaviour during colliding gap occasion, RAN4 has discussed extensively in last RAN4 meeting, and it is converged to the following options. 
	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


Since RAN4 only consider gap sharing ratios of 0% and 100% if gap sharing scheme in Rel-17 requirements, we think there is no difference between gap priority rule and gap sharing rule from requirement perspective.
Proposal 5: Either the priority rule or gap sharing rule is adopted for the colliding gap occasions.
In previous RAN4 meetings, RAN4 has discussed whether to define requirements for all the possible overlapping scenarios for concurrent gaps, and the following figure is the WF on the definition of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps captured in [2].
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Figure 1: WF on the definition of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps
For the FO/FPO cases, we do not see the benefit and necessity to configure concurrent MG as one gap is fully covered by the other gap, and NW is expected to configure single MG for this case. Considering the Rel-15/16 single gap sharing rules, the requirements for FO case would be extremely complicated. Thus, based on above consideration, it is proposed not consider the FO case in Rel-17.
Proposal 6: RAN4 is deprioritized to define requirements for fully-overlapped (FO) and fully-partial overlapped (FPO) concurrent gaps in Rel-17.
For PFO and PPO cases, it is beneficial to configure one of concurrent gaps for one type of RRM measurement and the other concurrent gap for the other type of RRM measurement. For example, when the NW has to configure MG pattern #24 or #25 to perform PRS measurement and MG pattern#0-23 to perform SSB based or CSI-RS based measurement, and if the PRS symbol is partial fully-overlapped or partial partial-overlapped with the SSB symbol or CSI-RS symbol to be measured, the concurrent gaps can be configured to reduce the measurement delay for PRS measurement and SSB based or CSI-RS based measurement, respectively.
Proposal 7: RAN4 is to define the RRM requirements for partial fully-overlapped (PFO) or partial partial-overlapped (PPO) concurrent gaps in Rel-17.
Measurement requirements
	Issue 2-5-2: CSSF calculation
· Agreement
· CSSF should be calculated separately for each gap and only the frequency layers sharing this gap should be counted in 
· Note: how to deal with overlapping concurrent MGs is up to Sub-topic 2-3
Issue 2-5-3: Measurement delay outside gap
· Open issue
· Companies are encouraged to provide proposals on how to modify the measurement delay requirements for concurrent gap
Issue 2-5-4: Measurement delay within gap
· Open issue
· Companies are encouraged to provide proposals on how to modify the measurement delay requirements for concurrent gap


For the colliding measurement occasions between concurrent gaps, one of the concurrent gap is expected to be dropped according to gap priority rule or gap sharing rule. 
For the measurement delay without gap, the scaling factor of Kp is introduced, due to the colliding between SMTC occasion and measurement gap. When SMTC occasion is fully non overlapping with measurement gaps or SMTC occasion is fully overlapping with MGs, Kp=1, and when SMTC occasion is partially overlapping with measurement gaps, Kp = 1/(1- (SMTC period /MGRP)). Similarly, Kp need to be revisited due to the colliding between SMTC occasion and concurrent gaps, when SMTC occasion is partially overlapping with both concurrent gaps, Kp = , where MGRP1 and MGRP2 is the MGRP of concurrent gaps.
Proposal 8: For measurement delay without gap, when SMTC occasion is partially overlapping with both concurrent gaps, the scaling factor Kp = , where MGRP1 and MGRP2 is the MGRP of concurrent gaps.
The measurement delay requirement within gap should be defined separately due to the CSSF is calculated separately for each concurrent gap, For the measurement within the concurrent gap with priority or 100% gap sharing, the existing measurement delay requirement within gap is applied, and for the measurement within the concurrent gap with low priority or 0% gap sharing, the measurement delay would be extended by a scaling factor due to dropping of gap occasion. And the scaling factor can be expressed as, where MGRP1 is the MGRP of prioritized concurrent gap or the MGRP of concurrent gap with 100% gap sharing, and the MGRP2 is the MGRP of deprioritized concurrent gap or the MGRP of concurrent gap with 0% gap sharing.
Proposal 9: For the measurement within the concurrent gap with priority or 100% gap sharing, the existing measurement delay requirement within gap is applied.
Proposal 10: For the measurement within the concurrent gap with low priority or 0% gap sharing, the measurement delay would be extended by a scaling factor of , where MGRP1 is the MGRP of prioritized concurrent gap or the MGRP of concurrent gap with 100% gap sharing, and the MGRP2 is the MGRP of deprioritized concurrent gap or the MGRP of concurrent gap with 0% gap sharing.
2. Conclusion
In this contribution, we further discussed the requirements for concurrent measurement gap and provide our proposals as follows.
Proposal 1: It is allowed to be configured with concurrent MG to perform only non-NR RAT measurements provided that the UE is capable to support inter-RAT E-UTRAN measurement with concurrent gaps.
Proposal 2: For an UE supporting per-FR gap, the use case of simultaneous configuring per-UE gap and per-FR gap is only allowed when per-UE gap is associated to PRS measurement.
Proposal 3: For per-FR capable UE, the maximum number of the concurrent measurement gap across all FRs is 3.
Proposal 4: The minimum distance between two gap instances is equal or less than 4ms for both FR1 and FR2.
Proposal 5: Either the priority rule or gap sharing rule is adopted for the colliding gap occasions.
Proposal 6: RAN4 is deprioritized to define requirements for fully-overlapped (FO) and fully-partial overlapped (FPO) concurrent gaps in Rel-17.
Proposal 7: RAN4 is to define the RRM requirements for partial fully-overlapped (PFO) or partial partial-overlapped (PPO) concurrent gaps in Rel-17.
Proposal 8: For measurement delay without gap, when SMTC occasion is partially overlapping with both concurrent gaps, the scaling factor Kp = , where MGRP1 and MGRP2 is the MGRP of concurrent gaps.
Proposal 9: For the measurement within the concurrent gap with priority or 100% gap sharing, the existing measurement delay requirement within gap is applied.
Proposal 10: For the measurement within the concurrent gap with low priority or 0% gap sharing, the measurement delay would be extended by a scaling factor of , where MGRP1 is the MGRP of prioritized concurrent gap or the MGRP of concurrent gap with 100% gap sharing, and the MGRP2 is the MGRP of deprioritized concurrent gap or the MGRP of concurrent gap with 0% gap sharing.
3. Reference
[1] 	R4-2120414	WF on R17 NR MG enhancements – General issues and multiple concurrent MGs, MediaTek
[2]	R4-2105856	WF on R17 NR MG enhancements - Multiple concurrent and independent MG patterns,	MediaTek
image1.png
« Definitions of fully overlapped, partial overlapped and fully non-overlapped concurrent gaps
« Start from per-UE gap. FFS how to extend to per-FR gap

 Fully non-overlapped (FNO): All gap occasions of 2 MGs are disjoint in time.
0/ 0/

* Fully-overlapped (FO): Every gap occasion of one MG is fully covered by every gap occasion of another MG with
the same periodicity
0/ 0/ / / / 0/ / /

s IR s N s B s o o o o
* Partially overlapped
* Fully-partial overlapped (FPO): Every gap occasion of one MG is partially overlapped by every gap occasion of another MG
with the same periodicity
e N s I s A o |

PR v S S o E o E

« Partially-fully overlapped(PFO): Every gap occasion of one MG is fully covered by gap occasion of another MG with the
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