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Introduction
This paper presents Nokia’s view on RRM aspects related to further enhancements of measurement gaps for Rel-18. This paper presents an overview on the objectives of the work item [1], and on enhancements that were introduced as part of the Rel 17 work. Based on that, observations and proposals are derived regarding combination of measurement gap types and measurements without gaps. 
Discussion
WID objectives
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI

The following objectives are considered in this WI:
(1) Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
· Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or multiple concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· [bookmark: _Hlk95478656]Case 1: Pre-configured MGs and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is a pre-configured gap)
· Case 2: NCSG and multiple concurrent MGs (i.e., concurrent MGs where at least one of the gaps is NCSG)
· Note: Prioritization among other possible combinations of pre-configured MG, concurrent MG and NCSG can be discussed in WI phase
[bookmark: _Hlk95412263]
(2) Define RRM requirements for measurement without gaps for the following cases
· NR SSB-based inter-frequency and intra-frequency measurements without gaps for UEs reporting NeedForGapsInfoNR IE [RAN4]
i. Study whether the additional interruption is allowed when UE reporting ‘NeedForGapsInfoNR'. Further define the interruption length, occasion and ratio, if the interruption is allowed
ii. Define related requirements, such as CSSF, measurement period, scheduling restriction etc.
· Inter-RAT measurements without gaps [RAN4]
i. Inter-RAT NR measurements
ii. Inter-RAT LTE measurement


Among the work item objectives, the following objectives are defined for RRM core [1] which include enhancements for joint operation of measurement gap types specified in Rel-17, and enhancements for measurements without gaps: 
Rel-17 MG enhancements
Pre-configured MG
Pre-configured Measurement gap (Pre-MG) was introduced in Rel-17 for RRM measurements in TS 38.133, clause 9.1.7 for UE in NR SA with single carrier or with NR CA. Whilst legacy MG is configured and activated at the same time, Pre-MG configuration and activation are separated in time. Pre-MG is configured by RRC signalling and indicates to UE the use of Pre-MG, reusing legacy MG patterns, for measurements in configured BWPs of the serving cell and measurements of deactivated SCells, whilst no MG activation is done at time of configuration. 
Two mechanisms for Pre-MG activation/deactivation were specified i) UE autonomous control MG and ii) network-control. The UE may support only one or both MG activation mechanism as signalled in the UE measurement capability. 
For UE autonomous control, UE detects whether according to trigger events, if the RRM measurement can be performed gapless or gap-assisted. It evaluates if the Reference signal (SSB) is fully located within the active BWP and therefore Pre-MG is deactivated and UE performs gapless measurement or if it is located at least partially outside the active BWP, in which case Pre-MG pattern is activated and UE performs gap-assisted measurement. Different trigger events for Pre-MG activation/deactivation were specified for UE autonomous control: BWP switching (DCI-/timer-/RRC-based), activation/deactivation of SCell(s), addition/removal of any measurement object(s), addition/release/change of a SCell in carrier aggregation.  For network-controlled pre-MG (de-)activation, UE follows the RRC signalling commands obtained after BWP switching or after signalling of additional measurement objects or change of SCells.  
Pre-MG is not suited for positioning measurements using PRS, which need a permanent MG allocation. If Pre-MG is configured and UE receives a request to perform positioning measurements using PRS, UE performs LocationMeasurementIndication procedure to request a permanently activated MG until the positioning measurement is stopped. The UE provides mandatory support for Pre-MG per-UE gap and optional support for per-FR gap.
In Rel-17, requirements were specified for single Pre-MG for single carrier and CA aggregation. No concurrent usage of other measurement gap types, i.e. legacy MG, concurrent MGs, NCSG and pre-configured gaps for positioning, was assumed, hence no collision cases between Pre-MG and other MG types were considered. Furthermore, support in DC scenarios was not specified. 
Concurrent MG
Concurrent gaps allow the network to configure the UE with more than one MG either Per-UE or Per-FR. A UE supporting concurrent gaps and Per-UE gaps can be configured with 2 MG. For a UE supporting Per-FR  MG (or independent MG per FR) can support up to 2 MG per FR and with potentially also one MG in other FR. Such UE will also be able to support 1 Per-UE GP and one Per-FR GP provided Per-UE GP is for measuring PRS.
RAN4 also defined clear rules defining when 2 concurrently configured MGs would be considered as colliding and the related collision rules. If 2 gaps are colliding the UE shall perform measurements in the occasion of the measurement gap with higher priority. The measurement gap with lower priority shall be dropped and UE shall be able to receive and transmit during such dropped measurement gap occasion. It is noted 16 gap priority levels for concurrent gaps were introduced in TS 38.331 in Rel-17 considering forward compatibility on inter-working with other features (e.g., MUSIM, NTN, Positioning) as raised in [2].

NCSG
Network Controlled Small Gaps (NCSG), already specified for LTE, were introduced in Rel-17 for RRM measurements in TS 38.133, clause 9.1.9 for UE in NR SA including CA. DC scenarios were deprioritized. Use of NCSG requires an idle RF chain at UE for performing measurements on RS of the monitored target carrier concurrently to data transmission/reception on the serving carrier (reference cell). Interruption of data transfer on the serving carrier can be reduced to VIL1 and VIL2 switching times before and after the measurement duration (ML). NCSG is specified for SSB-based intra-/inter-frequency measurements and for inter-RAT E-UTRAN measurements, including measurements on de-activated SCC and on dormant SCell.
Lower measurement duration can be configured, if target cell and reference cell have frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the target carrier and reference carrier within tolerance of min(2 SSB symbols, 1 PDSCH symbol) through the configured signalling parameters deriveSSB-IndexFromCell and deriveSSB-IndexFromCellInter-r17. The UE provides mandatory support for per-UE NCSG and optional support for per-FR NCSG.
As for Pre-MG, Rel-17 defines requirements for standalone NCSG, i.e. no concurrent MG is configured and hence no collision cases are dealt with. Furthermore, so far support for DC scenarios was not specified.
Scope of scenarios for further MG enhancements
In the above WID objectives, few cases for further MG enhancements are defined, however the scope of possible scenarios for such enhancements is still unclear and hence needs to be clarified in our view, e.g. whether to include scenarios where legacy measurement gap is configured or scenarios where concurrent measurements for RRM and positioning are required. 
Clarification is needed on the scope of scenarios for further enhancements with and without measurement gaps. 
Following proposal is made.
Discuss the following scenarios for the scope of further enhancements with gaps:
a. Concurrent use of legacy MG
b. Concurrent measurements for RRM and positioning 
c. Concurrent intra/inter-frequency and interRAT measurements
d. Concurrent SSB and intra-/inter-frequency CSI-RS measurements  
e. Dual connectivity scenarios
f. Carrier aggregation 
g. Concurrent MUSIM gaps and other existing measurement gap types 

Following proposal is made.
Discuss the following scenarios for the scope of further enhancements without gaps:
h. Concurrent measurements for RRM and positioning
i. Concurrent intra/inter-frequency and interRAT measurements
j. Dual connectivity scenarios
k. Carrier aggregation
Additionally, in Rel 17, MR-DC was de-prioritized from the scope of NR_MG_enh. Therefore, RAN4 has to discuss whether leftovers from Rel17 regarding MR-DC should also be considered in the scope of this WID. 
In Rel 17, MR-DC was de-prioritized due to high workload, and stand-alone case was developed first. 
Following proposals are made.
MR-DC should be kept the same priority as other scenarios. 
Discuss if concurrent MUSIM and other measurement gap types is in the scope of this WID or in the scope of the MUSIM WID. 
MUSIM gaps to be discussed as part of the MUSIM WID. 
Measurement gap types
In fact, joint requirements with legacy gaps is still being discussed for Rel-17 within LS exchange between RAN2 and RAN4 [3]. Therefore, we should consider the outcome of this discussion in the Rel-18 work scope. For example, requirements for pre-MG or NCSG were only specified for the case where no legacy gap is configured at the same time. 
Concurrent gaps including legacy MGs is still under discussion for Rel-17.
Pre-MG and NCSG were only specified for the case where no legacy MG is configured. 
Following proposal is made.
RAN4 to consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements. 	
UE receiver capability
If the UE has an idle RF chain available, then requirements may be distinguished from a UE that has no idle RF chain available. Hence UE receiver capability should be taken into account.
Following proposal is made.
RAN4 to discuss whether requirements need to be distinguished if the UE has at least one idle RF chain available or not. 
[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on Rel-18 measurement gaps enhancements. As part of this discussion, we have reached the following observations and make following proposals:
1. Clarification is needed on the scope of scenarios for further enhancements with and without measurement gaps. 
In Rel 17, MR-DC was de-prioritized due to high workload, and stand-alone case was developed first. 
Concurrent gaps including legacy MGs is still under discussion for Rel-17.
Pre-MG and NCSG were only specified for the case where no legacy MG is configured. 
1. Discuss the following scenarios for the scope of further enhancements with gaps:
a. Concurrent use of legacy MG
b. Concurrent measurements for RRM and positioning 
c. Concurrent intra/inter-frequency and interRAT measurements
d. Concurrent SSB and intra-/inter-frequency CSI-RS measurements  
e. Dual connectivity scenarios
f. Carrier aggregation 
g. Concurrent MUSIM gaps and other existing measurement gap types 
Discuss the following scenarios for the scope of further enhancements without gaps:
h. Concurrent measurements for RRM and positioning
i. Concurrent intra/inter-frequency and interRAT measurements
j. Dual connectivity scenarios
k. Carrier aggregation
MR-DC should be kept the same priority as other scenarios. 
Discuss if concurrent MUSIM and other measurement gap types is in the scope of this WID or in the scope of the MUSIM WID. 
MUSIM gaps to be discussed as part of the MUSIM WID. 
RAN4 to consider legacy MG, Pre-MG, concurrent MG, and NCSG when we discuss joint MG requirements. 	
RAN4 to discuss whether requirements need to be distinguished if the UE has at least one idle RF chain available or not. 
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