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1	Introduction
RAN4 #104bis-e meeting initially discussed the joint enhancements for Rel-17 related enhanced measurement gaps and reached some conclusions [1]. This contribution will give our further considerations on the following topics.
· Scope and scenarios
· Maximum number of supported gaps
· Collision definition and handling
2	Discussion
2.1 Scope and scenarios
	Issue 2-1: Whether to define requirements for one Pre-configured MG and one NCSG 
< Way forward >: 
· RAN4 to clarify whether one Pre-configured MG and one NCSG is included in Case 1 and/or Case 2
· FFS to explicitly set the priority of different combinations
Issue 2-3: NR SA and MR-DC 
< Way forward >: 
· FFS whether to deprioritize MR-DC in Rel-18
Issue 2-8: Positioning measurement gaps 
[bookmark: _GoBack]< Agreement >: 
· Rel-17 MGE Pre-MG for RRC-based POS is in the scope of this WI
< Way forward >: 
· FFS Rel-17 MAC-CE based ePOS gap is in or out of scope of this WI


According to the agreements reached in the RAN-P meeting, the scenarios of “pre-configured MG + NCSG” should be postponed after RAN-P #99 meeting. 
Proposal-1: Follow the agreements in RAN-P and postpone the discussion on “Pre-configured MG + NCSG” combination. 
In the terms of the number of pre-configured MG and NCSG, case 1 includes at least the following combinations
· Combination a: 1 pre-configured MG + 1/2 concurrent gaps
· Combination b: 2 pre-configured MGs + 0/1 concurrent gaps
· Combination c: 3 pre-configured MGs 
· Combinations with both pre-configured MG and NCSG, which will be discussed in the later stage. 
And the combinations will get more complicated when considering different gap combination configurations in Table 9.1.8-1 [2]. Taking gap combination configuration ID=5 (1 per-FR1 gap+1 per-FR2 gap + 1 per-UE gap) as an example, the above combination 1a could be further divided into:
· Combination a-1: 1 FR1 pre-configured MG + 1 FR2 concurrent gap + 1 UE concurrent gap 
· Combination a-2: 1 FR1 concurrent gap + 1 FR2 pre-configured MG + 1 UE concurrent gap 
· Combination a-3: 1 FR1 concurrent gap + 1 FR2 concurrent gap + 1 UE pre-configured MG 
Considering the work load, we are fine to discuss the priority of different combinations. Among the joint combinations, a more advanced UE capability is needed to maintain more than one pre-configured MGs / NCSGs. In our view, the combinations with only 1 pre-configured MG/NCSG should be considered as the first priority, and then we can further discuss the multiple/mixed pre-configured MG/NCSG if supported in the further.
Proposal-2: Support the discussion priority of different combinations: 
· 1st priority: 1 pre-configured MG (or NCSG) + 1/2 concurrent gaps
· 2nd priority:
· 2 pre-configured MG (or NCSG) + 1 concurrent gap
· 3 pre-configured MG 
· 3rd priority: pre-configured MG + NCSG if supported
Rel-17 discussed pre-configured MGs, multiple concurrent MGs and NCSG separately, and defined the individual RRM requirements for each feature. For simplicity, only NR SA mode is considered and MR-DC modes are deprioritized. And it has been identified that supporting MR-DC may introduce RAN2 impacts, especially for pre-MG and NCSG. For example, MN is not aware of the BWP switching in SN and therefore the network-controlled pre-MG activation/deactivation mechanism cannot work well without additional information exchange between MN and SN. In brief, the applicable scenario should focus on NR SA mode as well, and MR-DC modes should not be considered unless they are supported for each individual gap feature. 
Proposal-3: Deprioritize MR-DC for joint MG configuration in Rel-18.
In our understanding, the MAC-CE based ePOS gap is out of scope. A more flexible activation/deactivation mechanism and a larger number of pre-configured ePOS gaps are supported. It is essentially different from pre-configured MG mentioned before. If including MAC-CE based ePOS gap, RAN4 needs to discuss the feasible gap combination, association, priority issues. Accordingly, the configuration signalling in RAN2 spec 38.331 [3] should be updated. As shown below, a separate configuration element for MAC-CE based ePOS gap is defined. MAC-CE based ePOS gap cannot be configured with priority information and the measPosPreConfigGapId-r17 is different.
Proposal-4: Rel-17 MAC-CE based ePOS gap is out of scope of this WI.
	GapConfig-r17 ::=                   SEQUENCE {     
measGapId-r17                       MeasGapId-r17,     
gapType-r17                         ENUMERATED {perUE, perFR1, perFR2},     
……
preConfigInd-r17                    ENUMERATED {true}                   OPTIONAL,   -- Need R     
ncsgInd-r17                         ENUMERATED {true}                  OPTIONAL,   -- Need R     
gapAssociationPRS-r17               ENUMERATED {true}                  OPTIONAL,   -- Need R     
gapSharing-r17                      MeasGapSharingScheme               OPTIONAL,   -- Need R     
gapPriority-r17                     GapPriority-r17                           OPTIONAL,   -- Need R     ... } 
 
PosMeasGapPreConfigToAddModList-r17 ::= SEQUENCE (SIZE (1..maxNrofPreConfigPosGapId-r17)) OF PosGapConfig-r17 
PosMeasGapPreConfigToReleaseList-r17 ::= SEQUENCE (SIZE (1..maxNrofPreConfigPosGapId-r17)) OF MeasPosPreConfigGapId-r17 
PosGapConfig-r17 ::=                SEQUENCE {     
measPosPreConfigGapId-r17           MeasPosPreConfigGapId-r17,     
gapOffset-r17                       INTEGER (0..159),     
mgl-r17                             ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},     
mgrp-r17                            ENUMERATED {ms20, ms40, ms80, ms160},     
mgta-r17                            ENUMERATED {ms0, ms0dot25, ms0dot5},     
gapType-r17                         ENUMERATED {perUE, perFR1, perFR2},     
... } 


2.2 Maximum number of supported gaps
	Issue 2-11: Max # of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs) 
< Agreement >: 
· For the max number of gaps for Case 1 (Pre-configured MG and multiple concurrent MGs), the Rel-17 conclusions will be taken as the baseline.
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported Pre-MG
Issue 2-12: Max # of gaps for Case 2 (NCSG and multiple concurrent MGs) 
< Agreement >: 
· For the max number of gaps for Case 2 (NCSG and multiple concurrent MGs), the Rel-17 conclusions will be taken as the baseline.
< Way forward >:
· FFS whether to increase the max number
· FFS whether to introduce new UE capability for # of supported NCSG


The maximum number of gaps defined in Rel-17 (i.e. up to 2 per-UE gaps or up to 3 gaps cross all FRs) can achieve a good balance between measurements and throughput performance, so we prefer to keep it in Rel-18 unless critical use cases for increased number of gaps are identified.  
Proposal-5: Keep the maximum number of gaps defined in Rel-17.
As discussed in section 2.1, one pre-configured MG/NCSG should be considered as the basic scenario and more pre-configured MGs/NCSGs require a higher UE capability. For multiple pre-configured MGs, UE is required to monitor the ON/OFF bits, BWP switching, MO/SCell configuration and change the pre-configured MG statues accordingly. Apparently, the complexity with 2 pre-configured MGs is higher. For multiple NCSGs, the assumption on RF chain should be discussed firstly, i.e. single idle RF chain shared by multiple NCSGs or different RF chains dedicate to each NCSG. In case of two NCSGs in different FRs, we understand that different RF chains should be used. In summary, 1 pre-configured MG/NCSG should be considered as the baseline and new UE capability for the more than one pre-MG/NCSG
Proposal-6: Introduce new UE capability for the number of supported pre-configured MG/NCSG (>1). 
2.3 Collision definition and handling
	Issue 2-14: Required changes for Pre-MG on collision 
< Agreement >: 
· For Case 1 (Pre-configured MG and multiple concurrent MGs), the baseline requirement considers collisions on Pre-MG is only considered when Pre-MG is activated.
< Way forward >: 
· FFS whether Pre-MG priority can be further decided by the associated Mos being measured or other signalling parameters
Issue 2-15: Required changes for NCSG on collision 
< Agreement >: 
· When determining if a collision occurs between a NCSG instance and another gap instance, the baseline requirement considers the total NCSG duration, including both the VILs and the ML. 
< Way forward >:
· FFS other potential enhancements regarding spare RF chains, interruption due to collision on RRT, revised proximity condition, … etc.


It was agreed that the priority rules in Rel-17 is considered as the baseline to handle gap collision. And for pre-configured MG, the collision is only considered when it is activated. We understand the FFS part regarding pre-configured MG priority is to avoid dynamic priority for the MO associated with pre-configured. This issue is valid assuming that the associated MO is overlapped with another gap as illustrated in case 2 below. Otherwise, the associated MO could also be measured outside gaps as illustrated in case 1 and there is no need to defined priority. However, even in case 2, UE is still possible to measure MO when the SMTC is denser than MG, which is a typically configuration in our understanding.  
Observation-1: Generally, SMTC is denser than MG and it could also be measured outside gap when the associated pre-configured MG is deactivated. 
Proposal-7: Not consider enhancements on pre-configured MG priority. 




NCSG collision is the same as legacy MG collision, and the legacy proximity condition and priority-based dropping rule should be reused. Additional time margin, e.g. 4ms, is still needed for UE to prepare the measurement within another MG/NCSG. 
Proposal-8: For NCSG collision, reuse the proximity condition and priority-based dropping rule.
3	Conclusion
This contribution discussed the potential issues for joint MG configurations, and gave the following proposals based on the agreements for MG enhancements in Rel-17.  
Observation-1: Generally, SMTC is denser than MG and it could also be measured outside gap when the associated pre-configured MG is deactivated. 
Proposal-1: Follow the agreements in RAN-P and postpone the discussion on “Pre-configured MG + NCSG” combination. 
Proposal-2: Support the discussion priority of different combinations: 
· 1st priority: 1 pre-configured MG (or NCSG) + 1/2 concurrent gaps
· 2nd priority:
· 2 pre-configured MG (or NCSG) + 1 concurrent gap
· 3 pre-configured MG 
· 3rd priority: pre-configured MG + NCSG if supported
Proposal-3: Deprioritize MR-DC for joint MG configuration in Rel-18.
Proposal-4: Rel-17 MAC-CE based ePOS gap is out of scope of this WI.
Proposal-5: Keep the maximum number of gaps defined in Rel-17.
Proposal-6: Introduce new UE capability for the number of supported pre-configured MG/NCSG (>1).
Proposal-7: Not consider enhancements on pre-configured MG priority. 
Proposal-8: For NCSG collision, reuse the proximity condition and priority-based dropping rule.
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