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1 	Introduction
In the last RAN4 meeting, Rel18 NR measurement gap enhance WI was initially discussed. In this paper, the further considerations on requirements for combinations of NCSG and multiple concurrent MGs under objective 1 in [1]was provided.

	The following objectives are considered in this WI:
1. Enhancements of pre-configured MGs, multiple concurrent MGs and NCSG 
0. Define RRM requirements for UEs configured with a combination of pre-configured MGs, and/or concurrent MGs and/or NCSG [RAN4]
· Prioritize at least joint requirements for UE configured with
· Case 1: Pre-configured MG(s) and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a Pre-configured MG)
· Case 2: NCSG and concurrent MG(s) (i.e., the network has provided UE with multiple measurement gap patterns where at least one gap pattern is a NCSG)
· Note 1: Gaps that are configured for NTN are precluded in Case 1 and Case 2
· Note 2: The requirement discussions on the scenarios that NCSG is considered in Case 1 and that Pre-configured MG is considered in Case 2 will be started after RAN#99.
· Note 3: Prioritization among other possible combinations of pre-configured MG, concurrent MG, NTN gaps and NCSG can be discussed after RAN#99
· Note 4: This WID does not include any inter-working with MUSIM gaps



2 [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Discussion
2.1. Parallel measurement for NCSG+NCSG
As agreed in the last meeting, the scenario of “NCSG + NCSG” should be supported in Rel18 WI. The further clarification on this scenario is captured in WF [2] also. 
	Issue 4-2-3: [Case 2] Whether to parallel measurements upon gap collision
< Wayforward >: 
· FFS.




As illustrated in the figure below, there are several cases below at least when both NCSG and other legacy measurement gaps are configured within the concurrent measurement gaps. 
· Case a). the start/end point of two gaps are interlaced. 
· Case b). the legacy MGs (Type2-MG) can be fully contained by NCSG
· Case c). NCSG can be fully contained by the legacy MGs (Type2-MG)






Figure 1. Overlapping among NCSG and legacy MGs


For case a), UE can perform the measurement on the carrier (f1) from t1. And as UE can support NCSG for “f0+f1” band combination, UE can also receive the data on PCC (f0) from t1 to t3. Thus when UE needs to perform the measurement on the other carriers (f2) from t2, UE needs to drop one of measurement based on Rel17 rules below. However, if UE can also support the simultaneous multiple RF chains operation (like NCSG capability) in f1 and f2, UE can retune its available RF chain (which was used for data reception during [t1,t2]) to f2. Then measurements on both f1 and f2 can be performed. For case b) and c) we have similar observations.
Observation 1: In case of concurrent MGs in which one of NCSG was configured, the parallel measurements on the multiple collided concurrent gaps are feasible. 

At same time, the other possible scenario allow the parallel measurements was also discussed
	Issue 4-1-3: [Case 2] Whether to support the following scenarios for NCSG+NCSG
< Wayforward>: 
· FFS: RAN4 to study possibility of parallel measurements when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns.




In our view, when SCell was deactivated, the corresponding MO needs to be measured within a measurement gap. In this case if UE can support the multiple NCSGs, it is reasonable to enable UE to measure this SCell within other NCSG. 
Observation 2: The parallel measurement on the deactivated SCell is feasible without any additional UE capabilty beside that requested by “NCSG + Multiple concurrent MG” as for issue 4-2-3.

Proposal 1: Parallel measurements in case 2 (NCSG + concurrent gap) shall be supported.
2.2. Gap collision handling 
	Issue 4-2-4: [Case 2] Potential changes to UE behaviour upon gap collision
< Wayforward >: 
· FFS the following options
· Option 1: RAN4 shall consider potential enhanced requirements on UE behaviour for collision handling in Case 2 (e.g. optimized/enhanced dropping rules).
· Option 2: If the assumption is that UE cannot perform measurement on the two RF chains in parallel, there is no need to define further enhancement on gap collision handling except priority rule. 




As illustrated in the section above, when both NCSG and other legacy measurement gaps are configured within the concurrent measurement gaps, the parallel measurement are feasible and helpful to reduce the measurement latency effectively at least for the following scenarios .
· the legacy MGs (Type2-MG) are overlapped with NCSG
· deactivated SCell’s measurement after being activated

Then measurements on both f1 and f2 can be performed. That is no need to drop either one of concurrent gaps (ncsg + type1-MG) under such circumstance. 
Observation 3: In case of concurrent MGs in which one of NCSG was configured, UE needs NOT to drop any of gap instances when they are collided if UE can support the NCSG capability for both(f0+f1) band combination and (f1+f2) band combination. 

Hence the current rules for gap collision in Rel17 below can be optimized given limited impacts on the standardization works. 
	Rel17 gap collision rules [TS38.133 v17.6.0]:
“In case of collision between two measurement gap occasions, the UE shall perform measurements in the occasion of the measurement gap with higher priority, and the occasion of the measurement gap with lower priority is considered to be dropped. The UE shall be able to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI in the corresponding NR serving cells in the slots that are not interrupted according to requirements in clause 9.1.2B.4. 
“



Therefore, we suggest that:
Proposal 2: RAN4 shall consider potential enhanced requirements on UE behavior for collision handling in Case 2 [1].
2.3. Gap interruption 

	Issue 4-4-2: [Case 2] Gap interruption
< Wayforward >: 
Discuss the options (FFS)
· Option 1: The interruption requirements for the multiple measurement gaps when NCSG being included in the concurrent measurement gaps can be defined as:



wherein,  represented the allowed interruption due to NCSG and legacy measurements defined in clause 9.1.2 and 9.1.9.1 of TS38.133[4] respectively. And  is the overlapped time duration in slot among NCSG RTT time and legacy measurement gap length.
· Option 2: Update the existing gap interruption requirements for Case 2 as follows.
· A slot is considered as interrupted if it is interrupted by an occasion of any of the configured concurrent measurement gaps following the measurement gap interruption requirements in clause 9.1.2, or by VIL occasion of any of the configured NCSG following the NCSG interruption requirements in clause 9.1.9.1, except for a dropped measurement gap or NCSG occasion. 




Accordingly given the Rel17 gap collision handling is optimized (e.g. we need not drop any gap instance when they are collided), we can also investigate on the gap interruption requirements enhancement.
Proposal 3: The interruption requirements for NCSG within concurrent MGs can be FFS especially given the further potential dropping rules optimization when gaps colliding in Case 2. 

For instances, as illustrated in the figure below, there are two typical cases when we consider the interruption when both NCSG and other legacy measurement gaps are configured within the concurrent measurement gaps. One is there is no overlapping among NCSG and other legacy gaps used for the measurements on the different carriers as that of measurements by NCSG. 





Figure 2. Two cases to define the interruption in Case 2

Observation 4-1: If UE support the NSCG within the concurrent measurement gaps, the interruption due to the individual gap instances which are not overlapped can be completely independent. 
That is the interruptions due to individual legacy gap and NCSG which are not overlapped shall follow the requirements in clause 9.1.2 and 9.1.9.1 respectively.

On the other hand, for the cases when the multiple measurement gaps(NCSG or other measurement gaps) was overlapped, the interruption on UE due to both of the different measurement gaps can be overlapped also. 
Observation 4-2: The total interruption to UE due to the multiple measurement gaps which are overlapped within the concurrent gaps can be coupled together.
Observation 4-3: For the window between NCSG VIL1 and VIL2(e.g. [t1,t2] in the figure above), during the interval in which there is no any overlapped interruptions UE can received the data as normal. 

Therefore, the total interruption length due to both NCSG and other measurement gaps can be equal to
               (1)
Wherein,  represented the allowed interruption due to NCSG and legacy measurements defined in clause 9.1.2 and 9.1.9.1 of TS38.133[4] respectively. And  is the overlapped time duration in slot among NCSG RTT time and legacy measurement gap length. 
Proposal 4:  The interruption requirements for the multiple measurement gaps when NCSG being included in the concurrent measurement gaps can be defined as:  

Wherein,  represented the allowed interruption due to NCSG and legacy measurements defined in clause 9.1.2 and 9.1.9.1 of TS38.133[4] respectively. And  is the overlapped time duration in slot among NCSG RTT time and legacy measurement gap length. 


2.4. Gap association
	Issue 2-22: [Case 2] Potential changes to gap association
< Wayforward >: FFS the following options
· Option 1: RAN4 to further discuss the issue of association of SCell MO in following cases.
· Case a: the MO requires MG when SCell is activated
· Case c: the MO does not require MG or NCSG when SCell is activated
· Option 2: When NW configures a NCSG and a Con-MG in ConMGs, RAN4 to further discuss how to handle the scenario when a deactivated SCell(within NCSG) transfers to an activated SCell and the related MO had to be measured within MG.
· The deactivated SCell’s MO can be implicitly associated with the NCSG if no explicitly association is configured.
· After SCell activation, the deactivated SCell’s MO can be measured within MG autonomously if the related SSB is outside the active BWP.
· Option 3: Reuse Rel-17 association rule
· Others are not precluded.



As Option 2 pointed out, the motivation to change gap association is mainly for NCSG which was configured for the measurement on the deactivated SCell. When the deactivated SCell to be measured was activated, UE can perform the measurements outside of the gap indeed and vice versa. However, for such case we believe there are at least two feasible ways according to current Rel17 association or configuration.
· Alt1. NCSG can associated with the deactivated SCell explicitly by ‘ncsgInd-r17’. And after the SCell activation, if necessary this indication can be updated explicitly.
· Alt2. The NCSG can be configured as Pre-MG indeed. When the SCell activation conditions was trigged, this gap can be deactivated also. And such aspects can also be beneficial with the SCells which was deactivated. 
In our view, Alt2 is more efficient. However, as we agreed in RANP, this mechanism will be deferred to the further release. Thus we suggest:
Proposal 5: RAN4 can further investigate the following options to resolve the issue when NCSG was configured for the measurements on SCells which can be changed between the activation/deactivation.      
· Whether NCSG can be associated with SCells to be activated/deactivated is indicated explicitly by “ncsgInd-r17”. 
                    
3 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI in Rel18 are discussed. The proposals can be summarized as:
Observation 1: In case of concurrent MGs in which one of NCSG was configured, the parallel measurements on the multiple collided concurrent gaps are feasible. 
Observation 2: The parallel measurement on the deactivated SCell is feasible without any additional UE capability beside that requested by “NCSG + Multiple concurrent MG” as for issue 4-2-3.

Proposal 1: Parallel measurements in case 2 (NCSG + concurrent gap) shall be supported.

Observation 3: In case of concurrent MGs in which one of NCSG was configured, UE needs NOT to drop any of gap instances when they are collided if UE can support the NCSG capability for both(f0+f1) band combination and (f1+f2) band combination. 
Proposal 2: RAN4 shall consider potential enhanced requirements on UE behavior for collision handling in Case 2 [1].
Proposal 3: The interruption requirements for NCSG within concurrent MGs can be FFS especially given the further potential dropping rules optimization when gaps colliding in Case 2. 
Observation 4-1: If UE support the NSCG within the concurrent measurement gaps, the interruption due to the individual gap instances which are not overlapped can be completely independent. 
Observation 4-2: The total interruption to UE due to the multiple measurement gaps which are overlapped within the concurrent gaps can be coupled together.
Observation 4-3: For the window between NCSG VIL1 and VIL2(e.g. [t1,t2] in the figure above), during the interval in which there is no any overlapped interruptions UE can received the data as normal. 
Proposal 4:  The interruption requirements for the multiple measurement gaps when NCSG being included in the concurrent measurement gaps can be defined as:  

Wherein,  represented the allowed interruption due to NCSG and legacy measurements defined in clause 9.1.2 and 9.1.9.1 of TS38.133[4] respectively. And  is the overlapped time duration in slot among NCSG RTT time and legacy measurement gap length. 

Proposal 5: RAN4 can further investigate the following options to resolve the issue when NCSG was configured for the measurements on SCells which can be changed between the activation/deactivation.      
· Whether NCSG can be associated with SCells to be activated/deactivated is indicated explicitly by “ncsgInd-r17”. 
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