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1. Introduction
A new work item was led by RAN4 on NR measurement gap enhancements [1]. Main objectives are introducing (1) pre-configured MG patterns(s); (2) Multiple concurrent and independent MG patterns; and (3) Network controlled small gap (NCSG). In this contribution, we will focus on the discussion on pre-configured measurement gap.
The following agreements were made for pre-configured gap in RAN2#116_e meeting [2]:
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.
RAN2 hasn't seen any usefulness of MAC-CE based activation/deactivation and prefers to not support it.
Send LS to RAN4 including the agreements above and to clarify:
Can FR1 gap and FR2 gap be configured simultaneously for pre-configured gap?
Can legacy gap and pre-configured gap be configured simultaneously?  

1. Discussion 
In RAN2#116_e meeting, it’s still controversial whether RAN2 design should support 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.
Based on the latest RAN4 LS, it’s quite obvious that case 4 should be supported by RAN2 [3]:
Regarding configuration of Pre-configured MG, RAN4 has reached the following conclusions:
	· Besides the per BWP indication, no additional explicit signalling is needed to indicate the initial pre-MG activation/deactivation status at or during pre-MG being configured.  
· FFS: Initial status (activation/deactivation) of Pre-MG is determined based on the same rules used for autonomous activation/deactivation of Pre-MG. 


Regarding activation/deactivation of Pre-configured MG, RAN4 has reached the following conclusions:
	· NW can control activation/deactivation of pre-configured MG for the specific BWP via RRC message ONLY. 
· Additional activation/deactivation conditions are not considered in application to network-controlled pre-MG activation/deactivation. (i.e. MAC CE based activation/deactivation is not supported)
· Specific conditions can be further handled as a part of discussion on rules of UE autonomous activation/deactivation. 
· The criteria (rules) for pre-MG autonomous (de)activation shall be defined in RAN4. 
· Define separate UE capabilities for different pre-MG activation/deactivation mechanisms (i.e. NW-Controlled activation/deactivation mechanism and UE autonomous activation/deactivation mechanism). 



Proposal 1: For pre-configured MG, RAN2 confirms that case 4 is also supported, i.e. NW signals the pre-configured gap (A+B) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching.
· A) measurement gap configuration parameters such as MGRP, MGL etc
· B) MG status (active/de-active) per BWP.
To help RAN2 to design the detailed signaling for pre-configured MG, RAN4 has the following requirement in the LS [4]:
· [bookmark: _Hlk92639768]The RRC parameter(s) used to differentiate pre-configured MG with the legacy MG are needed when pre-configured MG is being configured 
The exact signalling can be designed by RAN2
In RAN2#116_e meeting, RAN2 discussed the above RAN4 requirements and the following proposal was proposed by offline rapporteur [5]:
Proposal 4: Pre-configured gap configuration will reuse legacy MG and use 1 bit to differentiate from legacy gap. (can postpone discussion in stage 3).
But companies still have questions on the co-existence between legacy MG and pre-configured MG and believe this may impact the signaling design for pre-configured MG, so the above proposal was postponed and a LS was sent to RAN4 for clarification [6]:
In addition, RAN2 would like to ask RAN4 for some clarifications on supporting of pre-configured MG.
Questions to RAN4:
· Q1: Can FR1 gap and FR2 gap be configured simultaneously for pre-configured gap? Is the following operation supported?
· pre-configured FR1 gap + pre-configured FR2 gap
· Q2: Can legacy gap and pre-configured gap be configured simultaneously? For example, without considering concurrent gap, are the following operations supported?
· legacy FR1 gap + pre-configured FR2 gap
· legacy FR2 gap + pre-configured FR1 gap
· One legacy per-UE gap + One pre-configured per-UE gap
· One legacy per-UE gap + pre-configured FR1 gap and/or pre-configured FR2 gap
Although RAN4 has not replied the above RAN2 LS yet, RAN2 can further discuss the signaling impact in advance. No matter how RAN4 answers the LS, two scenarios are on the table from RAN2 perspective:
Scenario1: Legacy gap and pre-configured gap can be configured simultaneously.
Scenario2: Legacy gap and pre-configured gap cannot be configured simultaneously, i.e. either Legacy gap or pre-configured gap can be configured per time.
For scenario1, a new IE is needed for pre-configured gap, which is in parallel with legacy gap IE, and this new IE can implicitly indicate that this is for pre-configured gap, so no additional explicit indicator is needed to differentiate Legacy gap and pre-configured gap and the per BWP MG status via RRC is used to judge whether the pre-configured gap is activated/deactivated upon BWP switching.
Proposal 2a: If Legacy gap and pre-configured gap can be configured simultaneously, a new IE is needed for pre-configured gap, which is in parallel with legacy gap IE, and this new IE can implicitly indicate that this is for pre-configured gap, no additional explicit indicator is needed to differentiate Legacy gap and pre-configured gap.
For scenario2, the analysis is a little bit complex. The legacy gap IE can be used to configure measurement gap configuration parameters such as MGRP, MGL for pre-configured gap, to differentiate Legacy gap and pre-configured gap, extra signaling is still needed in RAN2, two options are raised by companies [5]:
Option1: reuse legacy MG and use 1 bit (configured within legacy gap configuration) to differentiate pre-configured MG.
Option2: reuse legacy MG and use BWP status (B above in Q1) to differentiate pre-configured MG.
If only RRC based pre-configured MG activation/deactivation is supported, option2 can save 1bit overhead compared to option1, but UE autonomous pre-configured MG activation/deactivation method is also introduced by RAN4 [3]:
· Specific conditions can be further handled as a part of discussion on rules of UE autonomous activation/deactivation. 
· The criteria (rules) for pre-MG autonomous (de)activation shall be defined in RAN4. 
If both RRC based pre-configured MG activation/deactivation and rule based pre-configured MG activation/deactivation method are both supported, option2 can not work. Because if all per BWP pre-configured MG status indicator are not set, UE has no idea whether the legacy MG IE is configured for legacy measurement or configured for autonomous pre-configured MG activation/deactivation purpose, so an explicit indicator is needed to differentiate Legacy gap and pre-configured gap.
Observation1: For scenario2, if option2 is adopted, UE has no idea whether the legacy MG IE is configured for legacy measurement or configured for autonomous pre-configured MG activation/deactivation purpose when all per BWP pre-configured MG status indicator are not set.
Proposal 2b: If Legacy gap and pre-configured gap cannot be configured simultaneously, 1bit indicator is needed to differentiate Legacy gap and pre-configured gap.
For PRS and CSI-RS measurements, RAN4 made the following agreements for pre-configured gap [3]:
· 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. 
· The pre-configured MG for the positioning measurements beyond Rel-16 will NOT be discussed under this WI (NR_MG_enh-Core). 
· It is feasible to configure Pre-MG for CSI-RS L3 inter-frequency measurement. 
· Pre-MG used for CSI-RS L3 inter-frequency measurement shall be always activated, if inter-frequency CSI-RS L3 measurements are configured.
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for CSI-RS L3 inter-frequency measurement. 

In R17, only one preconfigured gap is introduced in RAN4 so far, so from RAN2 signaling perspective, it’s simple to put per BWP activation/deactivation indicator into BWP configuration for pre-configured gap. But based on RAN4 latest LS, RAN4 would like RAN2 to consider the RRC signaling design for forward compatibility [7]:
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. 
[bookmark: _Hlk92707823]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. 



If multiple pre-configured gaps are introduced in later release, the mapping signaling between multiple pre-configured gaps and BWP configurations should be considered.
Alternative 1:  Add per pre-configured gap granularity activation/deactivation status bitmap into gap configuration and define which bit within bitmap is associated to which BWP ID.
Alternative 2:  Add per pre-configured gap granularity activation/deactivation status bitmap into BWP configuration and define which bit within bitmap is associated to which pre-configured gap.
We don’t have strong view for above Alternatives, RAN2 can discuss and make the decision.
Proposal 3: If multiple pre-configured gaps are introduced in later release, for future proof, RAN2 to discuss which Alternative below is more desirable:
Alternative 1:  Add per pre-configured gap granularity activation/deactivation status bitmap into gap configuration and define which bit within bitmap is associated to which BWP ID.
Alternative 2:  Add per pre-configured gap granularity activation/deactivation status bitmap into BWP configuration and define which bit within bitmap is associated to which pre-configured gap.
To implement per BWP activation/deactivation indicator for pre-configured gap, 
Based on the above RAN4 agreements, we can find that Pre-MG used for PRS measurement or CSI-RS L3 inter-frequency measurement shall be always activated if the PRS measurements or inter-frequency CSI-RS L3 measurements are configured. We believe this implicit activation rules have no further spec impact for RAN2.
Proposal 4: Pre-configured gap used for PRS measurement/CSI-RS L3 inter-frequency measurement shall be always activated if the PRS measurements/inter-frequency CSI-RS L3 measurements are configured and from RAN2 perspective no extra signaling impact is identified to support this.
For CA/DC case, RAN4 made the following agreements for pre-configured gap [3]:
· In RAN4#101e meeting, RAN4 continue focus on the single carrier case and evaluate the additional working efforts to support the CA case with pre-configured MG activation/deactivation based on BWP switching on a single CC. It will be decided in further meeting whether CA case with pre-configured MG activation/deactivation based on BWP switching on a single CC will be supported in this release. 
· 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.
Based on the info above, it’s better for RAN2 to postpone the discussion on whether to support pre-configured gap for DC/CA scenarios.
Proposal 5: RAN2 postpones the discussion on whether to support pre-configured gap for DC/CA scenarios before getting more inputs from RAN4.
1. Conclusion
In conclusion, we propose the following:
Proposal 1: For pre-configured MG, RAN2 confirms that case 4 is also supported, i.e. NW signals the pre-configured gap (A+B) via RRC, then UE follows BWP status (B) to activates/deactivates gap upon BWP switching.
· A) measurement gap configuration parameters such as MGRP, MGL etc
· B) MG status (active/de-active) per BWP.
Proposal 2a: If Legacy gap and pre-configured gap can be configured simultaneously, a new IE is needed for pre-configured gap, which is in parallel with legacy gap IE, and this new IE can implicitly indicate that this is for pre-configured gap, no additional explicit indicator is needed to differentiate Legacy gap and pre-configured gap.
Observation1: For scenario2, if option2 is adopted, UE has no idea whether the legacy MG IE is configured for legacy measurement or configured for autonomous pre-configured MG activation/deactivation purpose when all per BWP pre-configured MG status indicator are not set.
Proposal 2b: If Legacy gap and pre-configured gap cannot be configured simultaneously, 1bit indicator is needed to differentiate Legacy gap and pre-configured gap.
Proposal 3: If multiple pre-configured gaps are introduced in later release, for future proof, RAN2 to discuss which Alternative below is more desirable:
Alternative 1:  Add per pre-configured gap granularity activation/deactivation status bitmap into gap configuration and define which bit within bitmap is associated to which BWP ID.
Alternative 2:  Add per pre-configured gap granularity activation/deactivation status bitmap into BWP configuration and define which bit within bitmap is associated to which pre-configured gap.
Proposal 4: Pre-configured gap used for PRS measurement or CSI-RS L3 inter-frequency measurement shall be always activated if the PRS measurements or inter-frequency CSI-RS L3 measurements are configured and from RAN2 perspective no extra signaling impact is identified to support this.
[bookmark: _GoBack]Proposal 5: RAN2 postpones the discussion on whether to support pre-configured gap for DC/CA scenarios before getting more inputs from RAN4.
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