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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last RAN4 meeting, a WF [1] for multiple concurrent and independent gap patterns was approved. In this paper, we discuss the open issues of the following sub-topics
· Definition
· Applicability and configuration
· UE capability
· Overlapping
· Overhead
· Measurement requirements
· Others
2 Applicability and configurations 
The open issues and agreements in [1] are captured below:
	Issue 2-2: Whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured
· Open issues
· Option 1: No need to further discuss
· Option 2: Not allowed 
· Option 3: Allowed 
· Option 4: Up to UE capability
· FFS whether 2G/3G should be considered in concurrent MG work.
· Note:
· In this scenario, no NR measurement is configured to UE. 
· LTE measurement includes positioning measurement.
Issue 2-5: Association between PRS measurement and MG 
· Agreement:
· PRS measurement for positioning is [exclusively] associated with only one of the instance of multiple gaps at least for R17
· FFS whether to keep or remove “exclusively”
· How to handle the overlapping with the other gap can be discussed in a separate issue



The first issue is regarding whether to allow concurrent gap in the case when only non-NR RAT measurement objectives are configured. In our view, we do not see a strong motivation to add limitation to this kind of network configuration. It can be completely left to network to decide how to associate multiple gaps with different inter-RAT measurement objectives. Network can try to create some imbalanced associations to prioritize the measurement of a certain inter-RAT objectives, e.g., a prioritized MO can be associated with a measurement gap exclusively, while all the other MOs share the other measurement gap
[bookmark: _Ref85360801]Proposal 1: No limitation to concurrent gap in the case when only non-NR RAT measurement objectives are configured.
Regarding whether to consider 2G/3G in concurrent MG work, technically we have no strong view. But perhaps RAN4 can left them in low priority, as 2G/3G supporting seems not a very urgent case in the Rel-17 time frame.
[bookmark: _Ref85360803]Proposal 2: Leave the support of 2G/3G in concurrent gap work as low priority in Rel-17. RAN4 to finalize 4G/5G measurement requirements first. 
Regarding whether PRS measurement for positioning should be exclusively associated to a measurement gap, we think this can be completely left to network implementation. If network wants to prioritize PRS measurement, network can associate PRS measurement to a dedicated measurement gap, while associating all the other use cases to other gap(s). But it is not necessary to mandate the PRS measurement to be exclusively associated to a measurement gap, as it is already not the case from Rel-16.
[bookmark: _Ref85360804]Proposal 3: It is left to network implementation on whether to associate PRS measurement exclusively to a measurement gap. 
3 UE capability related issues 
The open issues and agreements in [1] are captured below:
	Issue 3-1: Whether to allow simultaneous configuring per-UE gap and per-FR gap for per-FR gap capable UEs
· Open issues
· Option 1: No
· Option 2: Yes 
· Option 2a: Simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement
· Note: If Option 2 or 2a is agreed, inform RAN2 about the RAN4 decision.
Issue 3-2: Max number of concurrent gap across all FRs for per-FR gap capable UEs
· Open issues
· Option 1: 3
· Option 2: 4 
Issue 3-3: 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






The 1st issue would be whether to allow a simultaneous configuration between per-UE gap and per-FR gap. The main use case is for PRS measurement. The gap configured for PRS measurement is very similar to a pre-UE gap because UE is not expected to continue data reception/transmission on all CCs during that measurement gap. In this sense, we think it is fine to allow per-UE gap and per-FR gap to be configured simultaneously or per-UE gap only. As a compromise, we are fine with Option 2a. 
[bookmark: _Ref71233995]Proposal 4: For per-FR gap capable UE, simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.

Regarding the max # of gaps to be supported across all FRs for per-FR gap capable UEs, as it seems difficult to converge on a single value. To move forward, we suggest to add a UE capability. Without considering MU-SIM, the max # of gaps to be supported across all FRs for per-FR gap capable UEs is up to UE’s capability. The value can be reported between 3 and 4.
[bookmark: _Ref85360805]Proposal 5: Without considering MU-SIM, the max # of gap to be supported across all FRs for per-FR gap capable UEs is up to UE’s capability. The value can be reported between 3 and 4. FFS how to jointly consider MU-SIM.
If above proposals are agreeable, the all possible combinations for per-FR gap capable UE can be summarized in below in Table 1. 
[bookmark: _Ref78708932]Table 1. Number of gaps supported by per-FR gap capable UE without considering MU-SIM
	Index
	# of simultaneous MG
	Note 

	
	Per-FR1
	Per-FR2
	Per-UE
	

	0
	2
	1
	0
	Supported

	1
	1
	2
	0
	

	2
	0
	0
	2
	

	3
	1
	0
	1
	Only when pre-UE gap is used for positioning

	4
	0
	1
	1
	

	5
	1
	1
	1
	

	6
	2
	2
	0
	Up to UE capability

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	

	9
	1
	0
	0
	

	10
	0
	1
	0
	



4 Overlapping 
The open issues and agreements in [1] are captured below:
	Issue 4-1: Rule for colliding gap occasions, if one of FO, FPO, PFO, PPO cases is introduced
· Agreement:
· Define a general rule for UE from the following  aspects:
· Gap collision handling on UE’s measurement behavior if it is agreed to define the requirements for any or all of the FO/FPO/PFO/PPO/FNO cases
· Option 1: Define a sharing factor between 2 gaps, e.g., given X% gap sharing, the measurement w.r.t. one gap will share roughly X% of the time, while the other gap shares the remaining
· Option 2: Consider priority when measuring only in one MG in occasions where the two MGs are overlapped. Consider gap sharing if each priority for two MGs is same
· Option 3: Only priority rule, e.g., UE will only do the measurement w.r.t. the gap with higher priority on all colliding occasions.
· Option 4: Per-UE MG takes higher priority than per-FR MG for case2 when two MGs of different types overlap.
· Option 5: Define a priority pattern to indicate which gap will be prioritized within the collision gap instance once proximity condition is met, e.g., NW indicates the priority pattern based on the LCM of two gaps’ MGRPs. The data scheduling is expected during the dropped gap instance.
· Other options not precluded
· the proximity conditions to apply gap collision handling, e.g., a time domain minimal distance [X]ms between the two gap instances
· FFS whether the same gap collision handling can be applied to all of the FO/FPO/PFO/PPO/FNO cases
· If yes, RAN4 can further skip the discussion on issue 4-2,4-3,4-4,4-5,4-6. 
· Note: Focus on UE’s measurement behaviour. The scheduling opportunity (i.e., gap interruption) will be discussed in a separate issue. 
Issue 4-2: Whether to define requirement for FO case
· Open issue
· Option 1: Yes
· Option 2a: No
· Option 2b: No in the 1st phase
· Option 2c: No for the same gap type (per UE/FR)
Issue 4-3: Whether to define requirement for FPO case
· Open issue
· Option 1: Yes
· Option 2a: No
· Option 2b: No in the 1st phase
· Option 2c: No for the same gap type (per UE/FR)
Issue 4-4: Whether to define requirements for PFO case
· Open issue
· Option 1a: Yes
· Option 1b: Yes, at least for PRS measurement
· Option 2a: No in the 1st phase
· Option 2b: No for the same gap type (per UE/FR)
Issue 4-5: Whether to define requirement for PPO case
· Open issue
· Option 1a: Yes
· Option 1b: Yes, at least for PRS measurement
· Option 2a: No in the 1st phase
· Option 2b: No for the same gap type (per UE/FR)
Issue 4-6: Whether to define gap cancelling rule for FNO
· Note: This issue is merged in Issue 6-1



The discussions now move to define a general rules first and then check whether the same rule can be applied to all overlapping scenarios. The general rule can be divided into 2 sub-questions: 1) how to define the colliding condition and 2) the UE behavior upon colliding happens.
According to the agreed WF, RAN4 can define a value X on how close between the 2 gaps so that we need to consider them as overlapped. In our view, to make the spec and UE/network behavior simple, we can assume X<0, i.e., the 2 gaps are considered as colliding if physically they are colliding in time. We believe that this is the most straightforward definition for colliding and understandable to others who did not participate in this 3GPP discussion. 
[bookmark: _Ref85360809]Proposal 6: Two measurement gaps are considered as colliding only if they are physically collide in time, i.e., X<0ms.

Regarding the corresponding UE behavior upon colliding happens, we prefer to use priority rule to simplify the requirement and also for better forward compatibility. In other words, RAN4 needs to introduce a rule (either pre-defined in spec or configured by network) that UE will only perform the measurements associated to the prioritized gap. We understand that priority rule could be one special case in the gap sharing rule by setting the gap sharing factor to 0% or 100%. But the problem to gap sharing factor is that it is more difficult to be further extended to the case with more than 2 concurrent gaps. For an example, with MU-SIM, UE may be configured with 2+3 gaps at the same time. Taking total 5 gaps into consideration, how to define the gap sharing factor seems to be very complicated. E.g., network may need to configure the sharing factor when any 2 of the gap collide, any 3 of the gap collide, and so on. With priority rule, the configuration can be simplified by adding the certain priority level to each gap. To have better forward compatibility, RAN4 can consider to introduce a certain RRC signaling from network to indicate the priority level of each gap.
Observation 1: Gap sharing rule may be difficult to be extended for the case with more than 2 concurrent gaps, e.g., when MU-SIM is considered.
[bookmark: _Ref85360810]Proposal 7: Adopt the priority rule when gaps collide. Network can signal the priority level together with the gap configuration.
It is very necessary for RAN4 to conclude the colliding rules in this meeting. 
5 Overhead 
The open issues and agreements in [1] are captured below:
	Issue 5-1: Whether to define an overhead cap for concurrent gaps
· No consensus on defining an overhead cap for concurrent gaps in this meeting
· Open issue
· Option 1: Yes
· Option 2: No
· Option 3: Postponed to 2nd phase
Issue 5-2: How to define the overhead cap, if agreed to be introduced
· This issue is pending on the conclusion of Issue 5-1


There were 2 camp on whether to define an overhead cap for concurrent gaps. In our view, to reduce UE design complexity, it would be good to preclude some combinations at early stage. So that both network and UE do not need to spend time on those unlikely-deployed combinations. At the same time, we also believe that network will make the best decision in configuring measurement gaps in order to have a good balance between user throughput and mobility performance. To proceed, we suggest to add a new UE capability for overhead cap. The baseline UE supports the overhead cap no larger than the max overhead that it can support in Rel-15/16. An advanced UE capability can be added for the UE which does not need this overhead cap.
[bookmark: _Ref71234002][bookmark: _Ref85360811]Proposal 8: The baseline UE supports the overhead cap no larger than the max overhead that it can support in Rel-15/16. An advanced UE capability can be added for the UE which does not need this overhead cap.
6 Measurement requirements 
The open issues and agreements in [1] are captured below:
	Issue 7-2: UE measurement assumptions for different reference signals
· Open issue:
· FFS whether to additionally consider the limitation that each reference signal can only be measured in one MG pattern
Issue 7-3: CSSF calculation
· Open issue:
· FFS whether CSSF is separately calculated for each MG, e.g., for a particular gap, only the dedicated frequency layers /use cases share this gap should be counted in.
Issue 7-4: Measurement delay
· Note: Issue is postponed and can comeback once more agreements have been reached.



Regarding Issue 7-2, we think this additional limitation may not be necessary. Similar to what we discussed for Issue 2-5, we think this can be completely left to network implementation. If necessary, network can configure a measurement which only associates to a certain kind of RS (SSB, CSI-RS or PRS). But we do not see the motivation to mandate network to always do so. 
[bookmark: _Ref85360812]Proposal 9: Do not introduce any limitation on the RS to be associated to a measurement gap.

Regarding CSSF calculation, we think the suggestion in Issue 7-3 is very important to keep the requirement straightforward for both network and UE. As illustrated in Figure 1, as the associated use cases between the 2 measurement gaps do no overlap, we can simply group the frequency layers according to the associations when calculating the CSSF value. One may have a question on how to deal with the case when 2 measurement gaps collide in time domain. In our understanding, it can be handled by revising the MGRP or adding some factors similar to Kp in the measurement delay requirements.
[image: ]
[bookmark: _Ref85356858]Figure 1. Grouping different frequency layers in to different CSSF calculation.
[bookmark: _Ref85360813]Proposal 10: CSSF is separately calculated for each MG, e.g., for a particular gap, only the dedicated frequency layers /use cases share this gap should be counted in.

Regarding the measurement delay, we need to discuss this issue separately for intra-frequency measurements and inter-frequency measurements. We provide our view on how to categorize the requirements due to the introduction of concurrent gap below
· Intra-frequency measurement: There are 3 cases in the requirements in Rel-15/16. 
· SMTC non-overlapping with R15 MG: 
· If the additional MG still does not overlap the SMTC, the requirements do not need to be change.
· If the additional MG overlaps the SMTC, the Kp factor is needed.
· SMTC fully-overlapping with R15 MG: 
· A clear indication on which MGRP/CSSF value should be adopted is needed if the multiple concurrent gaps have different MGRP/CSSF.
· When 2 gaps collide and if we follow the priority rule, it means that UE may not be able to measurement the target frequency in every gap occasion if the target frequency is associated to a lower priority measurement gap. In other words, gap occasions are punctured by other higher priority gap(s). A modification like the Kp factor is needed.
· SMTC partially overlapping with R15 MG:
· The reference UE behavior is to only perform the measurement outside MG. The introduction of concurrent gap may lead to different impact to the intra-frequency measurement. This is illustrated in Figure 2. RAN4 can consider a new general rule to cover cases (a) and (b), e.g., reformulate the factor Kp by calculating the remaining measurement opportunities in a certain period of time. Case (c) could be more problematic, because the adding of the 2nd MG now makes the intra-frequency layer to be measured within gap. We have to ensure a proper association to one of the gap is given for this intra-frequency layer.
[image: ]
[bookmark: _Ref85358718]Figure 2. Different impact on intra-frequency measurement due to the 2nd MG

To make the discussion simple, we suggest RAN4 to further study the 3 sub-cases after configuring concurrent gaps: 
a) All SMTC occasions are non-overlapped with any of the 2 MGs, 
b) All SMTC occasions are fully-overlapped with one of the 2 MGs (including both MGs), 
c) Some SMTC occasions are non-overlapped with MGs and some are not
[bookmark: _Ref85360814]Proposal 11: For intra-frequency measurement delay, RAN4 to further study the following 3 cases for concurrent gaps:
· All SMTC occasions are non-overlapped with any of the 2 MGs, 
· All SMTC occasions are fully-overlapped with one of the 2 MGs (including both MGs), 
· Some SMTC occasions are non-overlapped with MGs and some are not

· Inter-frequency measurement:

· A clear indication on which MGRP/CSSF value should be adopted is needed if the multiple concurrent gaps have different MGRP/CSSF.
· When 2 gaps collide and we follow the priority rule, it means that UE may not be able to measurement the target frequency in every gap occasion if the target frequency is associated to a lower priority measurement gap. In other words, gap occasions are punctured by other higher priority gap(s). A modification on the Kp factor is needed.
[bookmark: _Ref85360815]Proposal 12: For inter-frequency measurement delay, add a clear indication in the requirement on which MGRP/CSSF value should be adopted. FFS on how to handle the gap colliding case. 
 
7 Others
The open issues and agreements in [1] are captured below: (Discussion on joint requirements are provided in another paper)
	Issue 8-1: Transition period for gaps configuration/ reconfiguration
· Open issue:
· Option 1: Introduce a transition period for gap configuration/deconfiguration
· After the concurrent gap application time, the measurement will be performed immediately for the MOs which could not be performed within legacy MG but can be within concurrent gaps.
· After concurrent gaps deconfiguration, both NW and UE should have the same understanding on when data will be scheduled on the disabled MG occasions.
· After concurrent gaps deconfiguration application time, data scheduling is expected on the disabled MG’s time occasions
· Option 2: Do not introduce a transition period for gap configuration/deconfiguration
· Option2a: Do not introduce a transition period if it’s agreed the RRC processing time is sufficient for gap configuration/deconfiguration.
Issue 8-2: Impact to other L1 measurements  
· Open issue:
· FFS whether define a suitable MGRP when multiple measurement gaps are configured for related measurement performance requirements
· Companies are encouraged to bring more detail in the next meetings


Regarding the transition period, our understanding is to directly follow the RRC processing delay. As Rel-15 UE should already be able to validate any measurement gap configuration change right after RRC processing delay, we do not see any problem to follow the same principle in concurrent gap case.
[bookmark: _Ref85360816]Proposal 13: Do not introduce a transition period for gap configuration/de-configuration. Existing RRC processing time is sufficient.
Regarding the impact to L1 measurements, this is also a very important aspect to have some further study. If we follows the principle in Rel-15, measurement gap will have the highest priority. L3 measurements for intra-frequency layers and L1 measurements should be done outside gap. In FR1, L3 measurements for intra-frequency layers and L1 measurements can be done at the same time, but not for FR2. In FR2, we will further prioritize L3 measurements over L1 measurements. L1 measurements will only be conducted on those occasions not overlapped by SMTC. If there is no such occasions can be found, RAN4 introduced a sharing factor between them.
[bookmark: _Ref85360817]Proposal 14: For impact to L1 measurements, RAN4 to follow the same high-level principle in Rel-15. Priority will be given to measurement gap, followed by L3 measurement and then L1 measurement. A sharing factor between L3 and L1 measurement can be introduced if there is no remaining occasions for pure L1 measurements.
8 Conclusion
In the contribution, we discuss the issues for concurrent gap. We have the following observations and proposals:
Proposal 1: No limitation to concurrent gap in the case when only non-NR RAT measurement objectives are configured.
Proposal 2: Leave the support of 2G/3G in concurrent gap work as low priority in Rel-17. RAN4 to finalize 4G/5G measurement requirements first.
Proposal 3: It is left to network implementation on whether to associate PRS measurement exclusively to a measurement gap.
Proposal 4: For per-FR gap capable UE, simultaneous configuring per-UE gap and per-FR gap is only allowed when the per-UE gap is associated to PRS measurement.
Proposal 5: Without considering MU-SIM, the max # of gap to be supported across all FRs for per-FR gap capable UEs is up to UE’s capability. The value can be reported between 3 and 4. FFS how to jointly consider MU-SIM.
Proposal 6: Two measurement gaps are considered as colliding only if they are physically collide in time, i.e., X<0ms.
Proposal 7: Adopt the priority rule when gaps collide. Network can signal the priority level together with the gap configuration.
Proposal 8: The baseline UE supports the overhead cap no larger than the max overhead that it can support in Rel-15/16. An advanced UE capability can be added for the UE which does not need this overhead cap.
Proposal 9: Do not introduce any limitation on the RS to be associated to a measurement gap.
Proposal 10: CSSF is separately calculated for each MG, e.g., for a particular gap, only the dedicated frequency layers /use cases share this gap should be counted in.
Proposal 11: For intra-frequency measurement delay, RAN4 to further study the following 3 cases for concurrent gaps:
· All SMTC occasions are non-overlapped with any of the 2 MGs, 
· All SMTC occasions are fully-overlapped with one of the 2 MGs (including both MGs), 
· [bookmark: _GoBack]Some SMTC occasions are non-overlapped with MGs and some are not
Proposal 12: For inter-frequency measurement delay, add a clear indication in the requirement on which MGRP/CSSF value should be adopted. FFS on how to handle the gap colliding case.
Proposal 13: Do not introduce a transition period for gap configuration/de-configuration. Existing RRC processing time is sufficient.
Proposal 14: For impact to L1 measurements, RAN4 to follow the same high-level principle in Rel-15. Priority will be given to measurement gap, followed by L3 measurement and then L1 measurement. A sharing factor between L3 and L1 measurement can be introduced if there is no remaining occasions for pure L1 measurements.
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