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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 maintenance issues.
· Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured
· Whether and how to define the overhead cap
· How to clarify the order in which gap priorities are evaluated
2 Discussion 
The 1st remaining issue in [1] is captured below:
	Issue 2-1-1: Whether concurrent gaps are allowed in the case when only E-UTRAN measurement objectives are configured
· Open issue 
· Option 1: Yes
· Option 1a: Yes, provided that UE supports LTE measurement with concurrent MGs, which is up to UE capability
· Option 1b: Yes, under the condition that only one per-UE MG is configured for UE
· Option 2: No
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting
Issue 2-1-2: Additional limitation when UE is configured with both E-UTRA and NR MOs
· Open issue 
· FFS: When UE is configured with both E-UTRA and NR Mos, UE can be configured with concurrent MGs, but all E-UTRA MOs are expected to be associated with one single MG
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting



Both issues are regarding whether to allow concurrent gaps in the case when only E-UTRAN MOs are configured, and if so, what limitations would be. Initially, we did not see a strong motivation to add limitation to this scenario and neither the introduction of UE capability. It can be completely left to network to decide how to associate multiple gaps with different E-UTRAN MOs. Network can try to create some imbalanced associations to prioritize the measurement of a certain E-UTRAN MOs, e.g., a prioritized MO can be associated with a measurement gap exclusively, while all the other MOs share the other measurement gap. 
Nevertheless, we understand the concern from some UE vendors, e.g., there could be some limitation in the LTE measurement. And there is no intention to change the LTE design in Rel-17. Therefore, we suggest adding a UE capability to accommodate different UE implementations, e.g., a capability of supporting LTE measurements associated to multiple concurrent gaps. For UEs not supporting this capability, all E-UTRA MOs can only be associated with one MG of the concurrent MGs.
[bookmark: _Ref85360801][bookmark: _Ref101035850]Proposal 1: Introduce a capability of supporting LTE measurements associated to multiple concurrent MGs. For UEs not supporting this capability, all E-UTRA MOs can only be associated with one of the concurrent MGs.

The 2nd open issues in [1] are captured below:
	Issue 2-4-1: Whether to define the overhead cap
· Open issue 
· Option 1: Yes
· Option 2: No 
· Option 3: Up to UE capability
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting

Issue 2-4-2: Definition of overhead cap (if agreed in Issue 2-4-1)
· Open issue 
· Option 1: The max overhead that UE can support in Rel-15/16
· Option 1a: the max overhead is 30%
· Option 2: Consider overhead cap with   when configuring multiple MG patterns.
· 
· N : number of multiple MG patterns
· MGLr : MGL of referenced MG
· MGRPr : MGRP of referenced MG
· K is FFS  
· Option 3: When concurrent MGs are configured, the MGRP for each MG cannot be smaller than 40ms
· Note: As this issue does not change the fundamental functionality to the feature, but just add some additional limitations to the use case, continue discussion in the maintenance phase if no conclusion in this meeting



There were 2 camps 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 to achieve a good balance between user throughput and mobility performance. To proceed, we suggest adding a new UE capability for overhead cap. 
Regarding the detail rule, our original preference was Option 1, i.e., the baseline UE supports the overhead cap no larger than the max overhead that it can support in Rel-15/16. However, considering other WI like MUSIM may introduce more gaps to be configured to UE. We now think Option 3 has a better forward compatibility. 
[bookmark: _Ref71234002][bookmark: _Ref85360811]Proposal 2: A baseline UE supports MGRP no smaller than 40ms for each concurrent MG. An advanced UE capability can be added for the UE which does not need this overhead cap.

The 3rd issue was motivated by one discussion in the last meeting. Figure 1 provides a very simple example. The FR1 gap has the highest priority. Therefore, the pre-UE gap should be dropped. If the per-UE gap is dropped, it creates some ambiguity on whether the FR2 gap should be also dropped. From the example, it is a question about whether an already dropped gap occasion with a higher priority level can still drop a gap with a lower priority level. In a high-level, this is a problem to decide the order on how we evaluate the gap priorities. 
[image: ]
[bookmark: _Ref101782718]Figure 1. One example for gap collision among 3 gaps
If we later consider MUSIM or ePositioning gaps, the problem will become more complicated. It is very important to resolve the issue with a simple and clear rule. Therefore, we prefer to avoid too detailed optimization. As long as the rule is clear, it is up to network implementation to properly configured the MGL, MGRP and offset for all gaps with acceptable performance. With these considerations, we suggest a rule that a gap occasion is dropped if it is overlapped by another gap occasion with a higher priority level, regardless of whether the higher priority gap occasion is dropped or not.
[bookmark: _Ref101783439]Proposal 3: A gap occasion is dropped, if it is overlapped by another gap occasion with a higher priority level, regardless of whether the higher priority gap occasion is dropped or not.

3 Conclusion
In the contribution, we discuss the issues for concurrent gap as well as the reply to RAN2 LS [3]. We have the following proposals:
Proposal 1: Introduce a capability of supporting LTE measurements associated to multiple concurrent MGs. For UEs not supporting this capability, all E-UTRA MOs can only be associated with one of the concurrent MGs.
Proposal 2: A baseline UE supports MGRP no smaller than 40ms for each concurrent MG. An advanced UE capability can be added for the UE which does not need this overhead cap.
Proposal 3: A gap occasion is dropped, if it is overlapped by another gap occasion with a higher priority level, regardless of whether the higher priority gap occasion is dropped or not.
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