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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 pre-configured MG pattern(s), 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 agreed UE autonomous pre-configured MG (de)activation (case 5) should be supported while it is FFS for the NW-controlled mechanism.
	At least case 5 is supported for pre-configured gap. FFS for case 4.
Case 4: NW signals the pre-configured gap (A+B in Q1) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching
Case 5: NW signals the pre-configured gap (A in Q1) via RRC, then UE determines whether the pre-configured gap should be activated or not upon BWP switching.  For example, if it is overlapped with SSB, then pre-configured gap is deactivated, otherwise it is activated.
Reference to A and B are as follow:
-	A) measurement gap configuration parameters such as MGRP, MGL etc
-	B) MG status (active/de-active) per BWP
RAN2 hasn't seen any usefulness of MAC-CE based activation/deactivation and prefers to not support it. 



In this contribution, we will address the open issues and discuss how to support the pre-configured MG enhancements from RAN2 point of view. 
2	Discussion
RAN2-116e meeting agreed that NW should signal the pre-configured measurement gap (Pre-MG) to UE via RRC. The common configuration parameters of Pre-MG (e.g. MGRP, MGL, etc) are the same as those of Rel-16 legacy MG and both per-UE or per-FR gap patterns can be configured as Pre-MG [2]. However, RAN2 cannot reach conclusion on how to indicate the Pre-MG to UE via RRC. In the email-discussion [AT116-e][040] [MGE] Pre-Configured MG [4], some options were proposed by companies. The controversial part is whether Rel-16 legacy MGs configuration (e.g. via IE MeasGapConfig) can be reused as part of Pre-MG configuration. 
Observation 1: RAN2 agreed NW should signal the pre-configured measurement gap configuration to UE via RRC. How to signal the Pre-MG configuration is not decided.
As indicated in LS [5], due to time limitation, RAN4 has been focusing on the individual requirements for the three objectives instead of joint working in the NR_MG_enh WI. Based on that, in RAN Plenary#94e meeting, it was agreed to remove the requirements in WID [1] for joint operation of Pre-MG, Concurrent MG and NCSG for Rel-17. However, RAN2 is asked to take joint working among Pre-MG, NCSG and concurrent gaps into account in RRC signalling design for forward compatibility if feasible. (copy as below from [5]).
	For joint working among pre-configured gap, concurrent gap and NCSG:
By the end of RAN4#101-e meeting, RAN4 has been focusing on the individual requirements for the three objectives in the NR_MG_enh WI. There is no consensus in RAN4 whether requirements for joint working among pre-configured gap, concurrent gap and NCSG will be defined in Rel-17, mainly due to time limitation. 
It is RAN4 understanding that RAN2 will take joint working among Pre-MG, NCSG and concurrent gaps into account in RRC signalling design for forward compatibility, if it is considered as feasible by RAN2. 



Observation 2: RAN2 is expected to design the RRC signalling for Pre-MG configuration in a forward compatible way.
As we know, under the structure of concurrent MG operation, RAN4 agreed multiple MGs can be configured to the same UE simultaneously [5]. E.g. maximum 2 per-UE MGs (for UE not capable of per-FR MG) or maximum 3 per-FR MGs (for UE capable of per-FR MG) can be configured. Till now, it is not clear whether the legacy MGs and Pre-MGs can be configured to UE simultaneously. But RAN4 may not investigate joint working between concurrent MG and Pre-MGs at least for Rel-17 anymore according to new WID. For signalling design, RAN2 need to make a decision on whether keep the possibility of joint working between concurrent MG and Pre-MG.
	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



In RAN2-116e meeting, two options were proposed on how to configure the Pre-MG:
· Option 1): reuse legacy MG IE with pre-MG indicator (1 bit or BWP status as implicit indicator)
· Option 2): not reuse legacy MG IE
In our understanding, Option1 means the legacy MG IE MeasGapConfig can indicate either a legacy MG or a Pre-MG for the same type of gap (e.g. gapUE or gapFR1 or gapFR2). It is not possible to configure a concurrent legacy MG and Pre-MG simultaneously of the same gap type, e.g. not possible to support the case of (one legacy per-UE gap + one pre-configured per-UE gap).  Option2 is more flexible and it allows NW to configure both the legacy MG (via legacy MeasGapConfig IE) and Pre-MG with a new IE for the same gap type.
To keep the forward compatibility, considering Option 2 is a clean solution and it is not a complex way-forward, we think it is reasonable to keep the possibility to configure the Pre-MG in a way that can support joint working between legacy MG and Pre-MG under the umbrella of concurrent MG structure. 
Proposal 1: To be forward compatible, RAN2 to define new RRC IE for pre-configured MG configuration, in which the RRC parameters are similar as legacy MeasGapConfig.
On top of Pre-MG configuration, the other part for Pre-MG is gap activation and deactivation. In our view, the NW controlled (RRC-based) Pre-MG activation/deactivation is explicitly mentioned to be supported in LS [2].
	· NW can control activation/deactivation of pre-configured MG 
· RRC-based activation/deactivation method is supported. 
· Network can indicate active/deactive status per BWP
· Details of signalling are FFS.
· FFS if MAC CE based activation/deactivation method is supported



In the email-discussion [AT116-e][040] [MGE] Pre-Configured MG [4], for RAN4’s intention in LS [2], all companies (13/14) except one also agreed RAN4 intends to support both case 4 and 5 (excerpt as below), which means companies agreed that it is RAN4’s intention to support both NW-Controlled activation/deactivation mechanism and UE autonomous activation/deactivation mechanism.
	· Case 4: NW signals the pre-configured gap (A+B in Q1) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching.  (note: the NW-Controlled (de)activation mechanism)
· Case 5: NW signals the pre-configured gap (A in Q1) via RRC, then UE determines whether the pre-configured gap should be activated or not upon BWP switching.  For example, if it is overlapped with SSB, then pre-configured gap is deactivated, otherwise it is activated. (note: the UE autonomous (de)activation mechanism)
Reference to A and B are as follow:
-	A) measurement gap configuration parameters such as MGRP, MGL etc
-	B) MG status (active/de-active) per BWP



Observation 3: Both NW-Controlled (RRC-based) activation/deactivation mechanism and UE autonomous activation/deactivation mechanism are supported by RAN4.
For RAN2’s signalling design, it was agreed in RAN2-116e that the UE autonomous (de)activation mechanism should be supported while it is FFS for the NW-Controlled activation/deactivation mechanism. 
In our view, RAN2 should follow the RAN4 agreement to support NW-Controlled activation/deactivation mechanism unless there are critical technical issues spotted by RAN2. Obviously, from signalling point of view, it is feasible that NW signals the pre-configured gap (A+B) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching. Furthermore, RAN4 is discussing the Pre-MG (de)activation triggered by other use cases. For example, use cases for adding/removing measurement objects, adding/releasing/activating/deactivating SCells (as describe in RAN4 WF [6], copy as below). This is network triggered use cases (since the UE cannot autonomously add / remove measurement objects) and NW can indicate the MG status (active/de-active) per BWP in the RRC together with the MO or Scell reconfiguration, which facilitate the fast MG (de)activation via RRC. Additionally, the complexity of gaps in NR is exploding (e.g. gaps discussed in two RAN2-led WIs (MUSIM and NTN) and two RAN4-led WIs (MG enhancements, FR2 enhancements)),  we believe it is so complex that it is impossible to account all inter-actions between all configuration options now. Hence, NW controlled mechanism is always helpful for feature interactions and future feature design.
	· The trigger events that may change the activation status of pre-MG configured to UE include:
· BWP switching, 
· adding/removing any measurement object(s): FFS
· adding/releasing/changing SCell(s): FFS
· activating/de-activating any Scell(s): FFS
· LPP positioning request: FFS



Proposal 2: RAN2 to define the signalling and procedure for both NW-Controlled activation/deactivation mechanism and UE autonomous activation/deactivation mechanism.
According to LS [3], RAN4 agreed to define UE capabilities for different activation/deactivation mechanism.
	Define separate UE capabilities for different pre-MG activation/deactivation mechanisms (i.e. NW-Controlled activation/deactivation mechanism and UE autonomous activation/deactivation mechanism).



However, the detail requirements on how to define the UE capability is not clear yet. For example, if the UE declares the support of Pre-MG, does it mean UE supports the NW-controlled activation/deactivation mechanism by default? We understand the criteria and conditions for which mechanism should be applied is still under discussion in RAN4. If any default mechanism can be agreed, then the capability may only need to indicate the support of the other mechanism. 
Furthermore, a full list of UE features defined for Rel-17 will be sent from RAN4 to RAN2 for ASN.1 design. We suggest RAN2 only define a general capability to indicate the support of Pre-MG and keep the detail ASN.1 as FFS.
Proposal 3: RAN2 to define a general capability to indicate the support of Pre-MG while keep the detail ASN.1 as FFS.
Based on the UE reported capability, it is NW’s decision on whether Pre-MG feature is activated, or which mechanism would be used by UE. From UE’s point of view, the expected behaviour is obviously different in NW-controlled and UE autonomous pre-configured MG activation/deactivation mechanism. The network should decide which mechanism will be used by the UE and indicate it to UE at the time of Pre-MG configuration.
Proposal 4: Network should indicate at time of Pre-MG configuration whether NW-Controlled or UE autonomous pre-MG (de)activation will be used.
For the UE autonomous activation/deactivation mechanism, after NW signals the Pre-MG configuration to UE via RRC, the UE determines whether the Pre-MG should be activated or not upon BWP switching.  For example, for SSB measurement, if the bandwidth of the active BWP covers all MO’s SSB, then pre-configured gap is deactivated, otherwise it is activated. How UE determines the Pre-MG activation status (e.g. based on BWP switching only or the other event triggers as well) is left to RAN4.
Observation 4: For UE autonomous activation/deactivation mechanism, the criteria (rules) for Pre-MG autonomous (de)activation shall be defined by RAN4. 
For NW-Controlled activation/deactivation mechanism, the NW should indicate the MG status (active/de-active) per BWP to UE via RRC. Then UE follows MG status per BWP to activates/deactivates gap upon BWP switching (or other event triggers which is up to RAN4). We share the view that the MG status (active/de-active) per BWP can be delivered to UE either in the same RRC message with Pre-MG configuration (which configures the Pre-MG parameters) or in a different RRC message. 
Proposal 5: For NW-Controlled activation/deactivation mechanism, NW may indicate the MG status (active/de-active) per BWP to UE in the same RRC message with Pre-MG configuration or in a different RRC message.
Since the MG status (active/de-active) per BWP is mandatory for NW-Controlled activation/deactivation mechanism, it can be regarded as the indicator to flag whether NW-Controlled or UE autonomous pre-MG (de)activation will be used by UE. If the UE is configured with MG status (active/de-active) per BWP, then the NW-Controlled activation/deactivation mechanism should be applied in UE. Otherwise, the UE autonomous pre-MG (de)activation mechanism should be applied.
Proposal 6: The indicator(s) of MG status (active/de-active) per BWP can be used as the flag to indicate whether NW-Controlled or UE autonomous pre-MG (de)activation can be used by UE.
Regarding PRS measurement, according to LS [3], RAN4 think it is feasible to configure Pre-MG for PRS measurements and it is up to NW configure either Pre-MG or legacy MG for PRS measurement. Specifically, the Pre-MG shall be always activated which means the active status will not change upon BWP switching anymore.
	· It is feasible to configure Pre-MG for Rel-16 PRS measurements. 
· Pre-MG used for PRS measurement in Rel-16 shall be always activated, if PRS measurement in Rel-16 is configured. 
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement. 



Observation 5: If the Pre-MG is configured for PRS measurement, the MG should be always activated which is not changed upon BWP switching. 
However, given Pre-MG should be always activated if the PRS measurement is configured, there will have problem to use the UE autonomous Pre-MG activation/deactivation mechanism for PRS measurement. 
For example, when the UE is configured with a Pre-MG configured for SSB measurement, if UE receives the PRS measurement from LPP then UE should always activate the Pre-MG. However, the Pre-MG may not suitable for PRS measurement (e.g. the Pre-MG cannot cover the PRS in time domain because the gap offset is not aligned with the offset of NR DL-PRS). It will cause the UE cannot perform PRS measurement during the gap. Even worse, in case the activated Pre-MG is not needed for SSB measurement (e.g. current active BWP overlapped with measured SSB that doesn’t need MG), the Pre-MG is always activated but cannot be used by UE at all. Obviously, the gap will downgrade system performance in vain. In other words, the UE autonomous Pre-MG activation/deactivation mechanism cannot work for the scenario where the previous configured Pre-MG cannot be reused for PRS measurement, if the UE cannot perform PRS measurement in the activated MG. 
Observation 6: The UE autonomous Pre-MG activation/deactivation mechanism cannot work for the scenario where the previous configured Pre-MG cannot be reused for PRS measurement.
To move forward, RAN2 may either decide that the UE autonomous Pre-MG activation/deactivation mechanism can not be used for PRS measurement or avoid activating a useless Pre-MG for PRS measurement. 
According to 38.331 section 5.6, to support Pre-MG for PRS, the UE may anyway need to send the LocationMeasurementIndication message from UE to gNB to tell NW PRS measurement is triggered, hence the NW can update the indicator(s) of MG status (active/de-active) per BWP to always activated. In this message, the UE should also indicate whether the configured Pre-MG can be used by the PRS measurement. If yes, for UE autonomous Pre-MG activation/deactivation mechanism, the UE should always activate the Pre-MG. Otherwise, the UE should not activate a useless Pre-MG.
	[bookmark: _Toc60776904][bookmark: _Toc83739859]5.5.6	Location measurement indication
[bookmark: _Toc60776905][bookmark: _Toc83739860]5.5.6.1	General


Figure 5.5.5.1-1: Location measurement indication
The purpose of this procedure is to indicate to the network that the UE is going to start/stop location related measurements towards E-UTRA or NR (eutra-RSTD, nr-RSTD, nr-UE-RxTxTimeDiff, nr-PRS-RSRP) which require measurement gaps or start/stop detection of subframe and slot timing towards E-UTRA (eutra-FineTimingDetection) which requires measurement gaps. UE shall initiate this procedure only after successful



Proposal 7: To support the UE autonomous Pre-MG activation/deactivation mechanism for PRS measurement, UE should indicate whether the configured Pre-MG can be used for PRS measurement in LocationMeasurementIndication message. 
For Pre-MG in MR-DC case, RAN4 agreed it should be deprioritized in Rel-17 and the topic may be revisited in next RAN4 meeting. The topic on the Pre-MG activation/deactivation based on BWP switching on a single CC while UE is in MR-DC may need to be discussed.
	· In current Pre-MG discussion, MR-DC case in Rel-17 is deprioritized. If any critical technical issues identified in the next meeting, it can be revisited.



Proposal 8: RAN2 de-prioritize the support of Pre-MG in EN-DC, NE-DC and NR-DC in R17.
3	Conclusion
This document has made the following observations:
Observation 1: RAN2 agreed NW should signal the pre-configured measurement gap configuration to UE via RRC. How to signal the Pre-MG configuration is not decided.
Observation 2: RAN2 is expected to design the RRC signalling for Pre-MG configuration in a forward compatible way.
Observation 3: Both NW-Controlled (RRC-based) activation/deactivation mechanism and UE autonomous activation/deactivation mechanism are supported by RAN4.
Observation 4: For UE autonomous activation/deactivation mechanism, the criteria (rules) for Pre-MG autonomous (de)activation shall be defined by RAN4. 
Observation 5: If the Pre-MG is configured for PRS measurement, the MG should be always activated which is not changed upon BWP switching. 
Observation 6: The UE autonomous Pre-MG activation/deactivation mechanism cannot work for the scenario where the previous configured Pre-MG cannot be reused for PRS measurement.
And proposed the following:
Proposal 1: To be forward compatible, RAN2 to define new RRC IE for pre-configured MG configuration, in which the RRC parameters are similar as legacy MeasGapConfig.
Proposal 2: RAN2 to define the signalling and procedure for both NW-Controlled activation/deactivation mechanism and UE autonomous activation/deactivation mechanism.
Proposal 3: RAN2 to define a general capability to indicate the support of Pre-MG while keep the detail ASN.1 as FFS.
Proposal 4: Network should indicate at time of Pre-MG configuration whether NW-Controlled or UE autonomous pre-MG (de)activation will be used.
Proposal 5: For NW-Controlled activation/deactivation mechanism, NW may indicate the MG status (active/de-active) per BWP to UE in the same RRC message with Pre-MG configuration or in a different RRC message.
Proposal 6: The indicator(s) of MG status (active/de-active) per BWP can be used as the flag to indicate whether NW-Controlled or UE autonomous pre-MG (de)activation can be used by UE.
Proposal 7: To support the UE autonomous Pre-MG activation/deactivation mechanism for PRS measurement, UE should indicate whether the configured Pre-MG can be used for PRS measurement in LocationMeasurementIndication message. 
Proposal 8: RAN2 de-prioritize the support of Pre-MG in EN-DC, NE-DC and NR-DC in R17.
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