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1	Introduction
NR and MR-DC measurement gap (MG) enhancements for release 17 was agreed as WI at RAN #89e, with following three measurement gap enhancements:
-	Pre-configured MG pattern(s) (fast MG configuration)
-	Multiple concurrent and independent MG patterns
-	Network Controlled Small Gaps (NCSG) specification
According to WID [1], RAN2 is expected to address the procedures and signaling for simultaneous RRC (re)configuration of one or more gap patterns based on RAN4 input. In RAN4#100 and RAN4#101 e-meeting, RAN4 LS [2] and [3] have been agreed to inform RAN2 to start the design according to the agreements reached in RAN4.
 In RAN2-116e meeting, the topic has been discussed. RAN2 clarify the understanding on concurrent gap operations and the “frequency layer” associated to a concurrent gap.
	RAN2 confirms the following understanding for concurrent gap operation:
1. Concurrent gaps are multiple measurement gaps and each gap pattern could be associated with one or multiple frequency layers.
[bookmark: _Hlk91537547]2. Each frequency layer can be associated with only one of the concurrent gaps.
3. Without considering pre-configured MG, concurrent gaps are always activated if it is setup by the network.
4. No new gap pattern is introduced for concurrent gap, the existing R15/R16 gap pattern could be configured for the concurrent gaps.

RAN2 to clarify “frequency layer” and limitations as below:
PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS.
Each measured SSB or LTE frequency is considered as one frequency layer.
Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency.
SSB and CSI-RS measurement in one MO are considered as different frequency layers.



Furthermore, RAN2 identified some open questions and ask for response from RAN4 in [4].
	RAN2 signaling could ensure to always provide an association between Rel-17 concurrent MGs and the frequency layers to be measured (at least in NR SA). However, since legacy MG do not provide this association: 
Q1 – Can Rel-17 concurrent gaps be configured together with legacy gap? If ‘yes’, what would be the UE behavior?
Q2 – How many concurrent gaps could be configured simultaneously?
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)? 
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?
Q5 – Could RAN4 help to clarify whether UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation?



In this contribution, we will discuss how to support the concurrent MG from RAN2 point of view. 
2	Discussion
For concurrent measurement gaps, RAN2 agreed the gap could be associated with one or multiple frequency layers. RAN2 is expected to decide the approach to associate the gap and the frequency layer in signalling. 
Regarding the “frequency layer”, there were some agreements reached in both RAN2 and RAN4 [3]. 
	For SSB, CSI-RS or LTE measurement:
· Each measured SSB or LTE frequency is considered as one frequency layer. (RAN2)
· Measurements for different frequency layers but with the same reference signal can be associated to different concurrent MGs. (RAN4)
· Measured CSI-RS resources with the same center frequency is considered as one frequency layer. It is possible to have Multiple MOs including CSI-RS resources with same center frequency. (RAN2)
· SSB and CSI-RS measurement in one MO are considered as different frequency layers (RAN2)
For PRS measurement:
· PRS measurement can be associated with one gap pattern, no matter how many frequencies are measured for PRS. (RAN2)
· PRS measurement for positioning including all positioning frequency layers is associated with only one of the concurrent gaps. It is up to network whether to associate a gap only to PRS measurement. (RAN4)



Among above, there is no agreement on whether UTRAN-FDD measurement is applicable in concurrent gap operation. In LS [3], RAN4 ask RAN2 to decide whether to support gap association to 2G/3G measurements. In our view, it is feasible to support UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) in concurrent measurement gap from signaling perspective.
	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 signaling perspective.



Proposal 1: UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation. 
The SSB, CSI-RS, LTE and UTRAN-FDD measurement are configured by gNB with the Measurement Objects (MO) while the there is no MO configured for PRS measurement, hence the approach to associate multiple gaps configuration to frequency layers need to consider both cases (i.e. how to associate the gaps to MO(s) and how to associate gap to PRS measurement). 
For measurement with MO configured, basically there may have two options to associate the concurrent gap and the frequency layer.
· Option 1: NW indicate the associated MG(s) (via new introduced gap ID) in the MO configuration. 
· Option 2: NW indicate a list of the MOs (via MeasObjectID) in the associated MG configuration
Both options can work and identify the concurrent MG(s) used for each MO. However, since the maximum supported MO number can be up to 64 while the maximum number of concurrent gap can only be 3 or 4 [3], it would be straight-forward and easy understanding to implement Option1 to save the signalling bits, which means concurrent gap(s) can be configured to each MO when network decides to configure the MO.
Proposal 2: NW indicates the associated MG(s) (via new introduced gap ID) in the MO configuration to associate concurrent MGs and frequency layers.
In the case two or more MO(s) mapping to the same frequency layer (e.g. multiple MOs including CSI-RS resources with same center frequency), NW should only associate the same MG for these MOs since RAN2 agreed that each frequency layer can be associated with only one of the concurrent gaps.
Proposal 3: For multiple MOs mapping to the same frequency layer, NW should only associate the same MG for these MOs.
In RAN2-116 discussion, there was some concern on the signaling overhead to indicate the gap ID in each of the MO. For example, if NW want all SSB based measurements to be associated with one gap, there is no need to add the gap ID in each of the MO.  Instead, a MG associated to the use case (e.g. SSB measurement or LTE measurement etc) can be configured by NW as default MG for the corresponding type of reference signal measurements. We understand the default MG for use case is an optimization to reduce signalling size to avoid adding the gap id in each MO and it seems not complex. It is our understanding, if the default MG for SSB measurement can be used for the SSB MOs, then no need to indicate the gap ID in their MOs configuration. Otherwise (i.e. if the default MG for SSB measurement can NOT be used for one specific SSB MO), NW need to indicate the gap ID for this specific MO.
Proposal 4: To save signaling overhead, NW can configure a list of concurrent gaps associated to different use cases (e.g. SSB measurement, LTE measurement, CSI measurement and UTRAN-FDD measurement).
Proposal 5: The concurrent gap associated to a specific use case is the default MG for the MOs corresponding to the use case. 
For the PRS measurement, if UE receives the PRS measurement from upper layer via LPP, UE should send Location Measurement Indication message to gNB and gNB should decide to configure a proper measurement gap for the PRS measurement. As no MO configured, the NW need to explicitly indicate which MG will be used for PRS measurement in the concurrent MG configuration.
Proposal 6: NW indicates the associated MG(s) for PRS measurement in the concurrent MG configuration.
On concurrent MG configurations, two options were discussed by companies in email discussion [4] but no conclusion reached:
· Alt 1 - Introducing multiple gap configuration in IE MeasConfig (i.e. by duplicating MeasGapConfig)
· Alt 2 - Introducing multiple gap configuration in IE MeasGapConfig (i.e. by duplicating GapConfig)

Since (Per-FR + Per-FR) gaps are supported by concurrent configuration [3], the new introduced gap ID should be indicated in the granularity of per-FR to support a UE configured with multiple gapFR1 and/or gapFR2 with different gap ID. The Alt-2 solution is more straightforward to add the gap ID at per-FR gap level.
	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

	7
	0
	0
	1
	Supported

	8
	1
	1
	0
	Supported

	9
	1
	0
	0
	Supported

	10
	0
	1
	0
	Supported

	11
	2
	0
	0
	Supported

	12
	0
	2
	0
	Supported



Proposal 7: RAN2 to introduce multiple gap configuration in IE MeasGapConfig by duplicating GapConfig.
According to WID [1], MR-DC is considered to be supported for the measurement gap enhancements. However, RAN4 has already agreed to de-prioritize MR-DC scenarios for preconfigured-MG. Considering only 2 meetings left for Rel-17 in RAN2, we think RAN2 should prioritize NR SA case. Whether to support concurrent MG for MR-DC in Rel-17 depends on the progress of NR SA.
Proposal 8: RAN2 to prioritize concurrent MG enhancement for NR SA case. Whether to support concurrent MG for MR-DC in Rel-17 depends on the progress of NR SA.
Furthermore, if MR-DC is to be considered, it would be better to allow solutions without LTE signalling impacts from the MR-DC part, as that can help the WI to complete. We suggest deprioritizing EN-DC and NE-DC to ensure there are no impacts to LTE from this WI. Otherwise, there is potential for needing something extra for LTE RRC (e.g. how to support multiple measurement gap configurations in LTE specifications for EN-DC), while the whole scope of the work has been done is for NR so far. 
Proposal 9: If RAN2 decide to support concurrent MG enhancement for MR-DC in Rel-17, RAN2 only consider NR-DC to avoid impact to LTE RRC. 
In NR-DC, several questions should be addressed for concurrent MG enhancement.
· Question1: Which node decides concurrent MG configuration?
· Question2: If MN and SN configure different MOs which are considered as the same frequency layer, how MN and SN coordinate to guarantee all these MOs associated to the same MG ?
· Question3: How to make MN de-configure a dedicated concurrent gap in time (if no MO associated to the gap from both MN and SN), to facilitate the gap configuration update in MN ?
For Question1, since the MN decides the per-UE, per-FR1 and per-FR2 gap configuration in legacy, it is straightforward to follow the same principle for concurrent gap configuration. Otherwise, a new mechanism should be introduced for gap configurations coordination in both nodes which will bring extra complexity. 
Proposal 10: For concurrent MG in NR-DC scenario, MN should configure the concurrent gap configuration.
For Question2, when the concurrent gap is associated to an MO, the MN and SN should exchange either the gap list or the MO list which depends on the SA solution regarding how to associate gaps and MOs.
Proposal 11: For concurrent MG in NR-DC scenario, different MOs (from both MN and SN) considered as the same frequency layer should be associated to the same MG. The detail INM impact depends on how to associate gaps and MOs in SA scenario.
For Question3, the MN can de-configure a dedicated concurrent gap only if there is no MO from both MN and SN associated to the gap. When SN does not use one dedicated concurrent gap, SN should inform MN via INM.
Proposal 12: For concurrent MG in NR-DC scenario, MN can de-configure a dedicated concurrent gap only if there is no MO from both MN and SN associated to the gap. How SN indicate the usage of gap to MN is FFS.
3	Conclusion
This document has made the following proposals:
Proposal 1: UTRAN-FDD measurement (configured in MeasObjectUTRA-FDD) is also applicable in concurrent gap operation. 
Proposal 2: NW indicates the associated MG(s) (via new introduced gap ID) in the MO configuration to associate concurrent MGs and frequency layers.
Proposal 3: For multiple MOs mapping to the same frequency layer, NW should only associate the same MG for these MOs.
Proposal 4: To save signaling overhead, NW can configure a list of concurrent gaps associated to different use cases (e.g. SSB measurement, LTE measurement, CSI measurement and UTRAN-FDD measurement).
Proposal 5: The concurrent gap associated to a specific use case is the default MG for the MOs corresponding to the use case. 
Proposal 6: NW indicates the associated MG(s) for PRS measurement in the concurrent MG configuration.
Proposal 7: RAN2 to introduce multiple gap configuration in IE MeasGapConfig by duplicating GapConfig.
Proposal 8: RAN2 to prioritize concurrent MG enhancement for NR SA case. Whether to support concurrent MG for MR-DC in Rel-17 depends on the progress of NR SA.
Proposal 9: If RAN2 decide to support concurrent MG enhancement for MR-DC in Rel-17, RAN2 only consider NR-DC to avoid impact to LTE RRC. 
Proposal 10: For concurrent MG in NR-DC scenario, MN should configure the concurrent gap configuration.
Proposal 11: For concurrent MG in NR-DC scenario, different MOs (from both MN and SN) considered as the same frequency layer should be associated to the same MG. The detail INM impact depends on how to associate gaps and MOs in SA scenario.
Proposal 12: For concurrent MG in NR-DC scenario, MN can de-configure a dedicated concurrent gap only if there is no MO from both MN and SN associated to the gap. How SN indicate the usage of gap to MN is FFS.
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