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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In last meetings, RAN4 discussed the combination of NCSG and Con-MGs [1]. Some terminology for gap were used as follow. 
	Issue 2-2: Definitions: legacy, concurrent, baseline and component gaps
< Agreement >: 
· Type-1 MG: Gap(s) configured via GapConfig without suffix
· Type-2 MG: Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17


In this contribution, we will continue to discuss the related issues for NCSG and ConMGs with the agreed terminology.
2 Parallel measurements
[bookmark: _Ref71471041][bookmark: _Ref78624429]Capability
In last meeting, one of the open issues is whether additional capability is needed for NCSG+NCSG. 
	Issue 4-1-1: [Case 2] Whether to consider a new capability for NCSG + NCSG in an FR
< Wayforward >: 
· Option 1: 
· No, without UE capability
· Option 1a: E///
·  Condition: No, if only one spare RF chain is assumed for NCSG+NCSG.
· Option 1b: LGE
·  New UE capability for overlapping handling can be necessary if two spare RF chains are assumed for NCSG+NCSG.
· Option 2: 
· Yes, with UE capability 
· Option 2a: E///
·  Condition: Yes, if two spare RF chains are assumed for NCSG+NCSG.


In our understanding, whether a new capability is introduced depends on whether new hardware or software updates needed from UE side. In Rel-17, RAN4 introduced NCSG which implies UE has a spare RF chain to perform measurement without gap. In last meeting, RAN4 agrees to support NCSG+NCSG in Rel-18. However, it’s unclear about the meaning behind such NCSG+NCSG capability. One possible understanding is that UE can only performs the measurements within two different SSB occasions with offset by two NCSG patterns. In this case, no further enhancement is needed from UE once UE supports NCSG and ConMGs. Another possible understanding is UE will use more than one spare RF chains when UE supports NCSG+NCSG. It implies UE needs to have additional hardware update compared with NCSG and ConMGs capability.
[bookmark: _Ref126338627]Proposal 1: No new capability is needed if only one spare RF chain is assumed for NCSG+NCSG.
[bookmark: _Ref126338633]Proposal 2: RAN4 can discuss the new capability if two spare RF chains are assumed for NCSG+NCSG.
The next issue is whether RAN4 needs to further consider the number of RF chains during the discussion.
	Issue 4-1-2: [Case 2] Whether the same RF chain is assumed for the two NCSG patterns
< Wayforward >: 
· Option 1: 
· Yes, the same RF chain is assumed for the two NCSG patterns.
· Option 2: 
· No need to discuss whether the same RF chain is assumed for the two NCSG patterns (not necessary).
· Option 2a: 
· No need to discuss whether the same RF chain is assumed but to consider the assumption on parallel measurement.
· Option 3: 
· At least two spare RF chains are assumed.
· Option 4: 
· UE signals its capability on number of receiver chains per band to the network.


Some companies think no further discussion on the number of RF chains which is fully up to UE implementation. However, we have some different views. Firstly, NCSG is introduced in Rel-17 based on the assumption that one spare RF chain can be used in UE side. All the NCSG pattern design will follow this assumption. Secondly, the baseband searcher concept has also introduced from Rel-15. All the measurement requirements are defined following this assumption. Now, NCSG plus another MG or NCSG is introduced in Rel-18. In our understanding, when RAN4 starts to discuss the requirement, such as whether UE can perform parallel measurement will follow this RF chains assumption. On the one hand, if UE can additionally support more than one RF chains, it means any frequency layer combinations’ parallel measurement is possible.  On the other hand, if the same Rel-17 RF chain assumption is followed, RAN4 needs to further discuss the specific scenarios in which UE can perform parallel measurements. Thus, it’s necessary to specify the number of RF chain assumption before further discussion.
[bookmark: _Ref126338615] Proposal 3: RAN4 to clarify the following understandings when two NCSG patterns are configured.
· Option 1: Same as Rel-17 NCSG, only one spare RF chain is assumed
· Option 2: New capability with at least two spare RF chains is assumed
Parallel measurement
In last meeting, RAN4 further discuss the parallel measurements issues. Some open issues related to parallel measurements are listed below.
	Issue 4-2-3: [Case 2] Whether to consider parallel measurements upon gap collision
< Wayforward>: 
· Option 1: 
· Yes
· Option 2: 
· No
· Option 2a: 
· No, when the RF chains for the two NCSG patterns are different.
· Option 3: 
· Up to UE capability,
· For UE supporting this capability, both NCSGs can work when colliding.
· For the UE not supporting this capability, R17 priority rules when colliding can be reused.
· Option 4: 
· RAN4 to study a general solution to allow both NW and UE to know the parallel measurements combination when UE supports NCSG parallel measurement capability.
· Option 5: 
· RAN4 to agree on investigating relevant scenarios with gap collision for the Case 2 scenario.
Issue 4-2-5: [Case 2] Whether to support parallel measurements in the following scenarios for two NCSG
< Wayforward >: 
· FFS the following options
Scenario 1: NW only configures deactivated SCells’ measurement
Scenario 2: NW only configures the MOs in intra-bands in which UE reports to support ‘NCSG’
Scenario 3: NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2 if UE reports ‘NCSG’ for these bands


In our understanding, if RAN4 wants to answer the 1st issue whether to consider parallel measurement upon collision, RAN4 firstly needs to have further technical analysis for all the scenarios proposed in 2nd issue. 
Some companies mentioned that when UE supports NCSG for band X and band Y, it implies UE has a spare RF chain which can be used to perform measurement for band X or band Y in parallel with the serving cells’ transmission and reception. It doesn’t mean the UE can perform two measurements from band X and band Y in parallel. We agree this observation is valid. 
However, in Rel-15, RAN4 defines intra-frequency measurement outside gap as parallel measurements. In Rel-16, RAN4 further introduces inter-frequency without gap as parallel measurements with intra-frequency outside gap.
Thus, if UE reports to support NCSG for an intra-band, and the NW only configures the MOs in the intra-band associated with the NCSG gaps, such as intra-frequencies, and/or deactivated SCells, in our understanding, UE can perform the parallel measurement among the two NCSG patterns.
[bookmark: _Ref118238288]Observation 1: UE can perform transmission/reception for two CA cells simultaneously.
[bookmark: _Ref130504441]Observation 2: In Rel-15/16, RAN4 defines UE to perform parallel measurements between intra-frequency without gap and inter-frequency without gap.
Furthermore, the inter-band’s MO can also be measured in parallel with the MOs in the intra-band if UE reports to support NCSG for the intra-band and inter-band when NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2.  
For example, when UE reports to support NCSG capabilities and there are 3 potential MOs to be measured as follow. In our understanding, the MO f2 can be measured in parallel with MO f0, f1 since UE reports to support NCSG for the inter-band B3 which means UE has a spare RF chain to perform measurement for band B3 in parallel with serving cells’ measurement in intra-band B1. Thus, when UE supports NCSG and ConMGs, with suitable configuration, UE can perform parallel measurements for intra-band and inter-band if UE reports ‘NCSG’ in these bands. 
[bookmark: _Ref126334817]Table 1. The UE reporting band status and NW configured MOs
	
	Supported Bands

	
	B1(Intra-)
	B2(Intra-)
	B3(Inter-)

	PCell(B1)+SCell(B2)
	1
	1
	1

	Configured MOs
	f0
	f1
	f2

	Note: 0: no-gap-no-ncsg, 1: NCSG, 2: gap


[bookmark: _Ref126337286][bookmark: _Ref130504471][bookmark: _Ref118238316]Proposal 4: When UE supports NCSG and ConMGs, UE can perform parallel measurements in the following scenarios: 
· Case 1: NW only configures deactivated SCells’ MOs
· Case 2: NW only configures the MOs in intra-bands in which UE reports to support ‘NCSG’ 
· Case 3: NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2 if UE reports ‘NCSG’ for these bands
Generical parallel measurement
When we further consider the possible parallel measurement, we believe that UE has capability to perform parallel measurement based on the spare RF chain for some candidate band combinations, especially when UE supports more than one spare RF chains. However, currently, NW doesn’t know whether the parallel measurement is supported under current MOs configuration and association. For example, the configured MO associated with MG and the MO associated with the NCSG may not be measured in parallel as explained by some companies. Thus, we suggest RAN4 to further study the solution to allow NW knowing the parallel measurement MO combination before NW configuring the MOs. After that, NW can configure the MOs with a reasonable association to allow the parallel measurement between NCSG patterns.
[bookmark: _Ref126337277]Observation 3: When UE reports the supported NCSG band status, NW doesn’t know whether parallel measurement can be performed among these bands.
[bookmark: _Ref126337289]Proposal 5: RAN4 to study a general solution to allow both NW and UE to know the parallel measurements combination when UE supports NCSG parallel measurement capability.
3 Rel-17 MG rule enhancement
Gap association rule 
When UE capable of NCSG reports the NCSG indication for each band, the NW can configure a NCSG and a Type-2 MG. The MOs in the bands which UE indicates ‘no gap with interruption’ can be configured with the association of NCSG and the MOs in the bands which UE indicates ‘gap’ can be configured with the association of Type-2 MG. The other MOs in the bands which UE indicates ‘no gap no interruption’ and the MOs related to gapless measurement capability (inter-frequency without gap in Rel-16) will be measured outside the gap. Thus, when NW configures a NCSG and a Type-2 MG, RAN4 also needs to consider each frequency layers’ association among these three sets: NCSG, Type-2 MG and outside gap. 
	Issue 4-3-1: [Case 2] Potential changes for NCSG upon SCell activation
< Wayforward >: 
· Background: When NW configures a NCSG and a Type-2 MG, the scenario for this deactivated SCell issue is as follow.
· The deactivated SCell is measured within NCSG.
· After MAC-based SCell activation, the deactivated SCell’s MO needs to be measured within MG if the related SSB is outside the active BWP
· Proposal:
· Option 1: 
· Do not pursue optimizations for deactivated SCell measurements with NCSG in Case 2
· Option 2: 
· A new indication shall be introduced enable support of NCSG for deactivated SCell only.
· Option 2a: 
· Indicated explicitly by “ncsgInd-r17”.
· Option 3: 
· Request UE to be responsible for the capability report considering all possible MAC CE triggered NW configuration update.
· Option 4: 
· When the SCell is activated, the MG association is based on NW configuration
· When the MO is associated to a type-2 MG and the SCell is deactivated, the MO is implicitly associated to NCSG with which the SMTC is partially or fully overlapped.
· Option 5: 
· If the NCSG is converted into another Type-2 MG upon SCell activation, collision handling between this Type-2 MG for deactivated SCells and the other Type-2 MG needs to be defined. Hence the priority level assigned to NCSG may be maintained or subject to change.


In our understanding, this issue is about further clarify UE’s association other than an optimization. In Rel-17, deactivated SCell is agreed to be measured within NCSG instead of outside gap if NW configures NCSG. However, when NW activates the SCell, the related SSB may not be measured if the SSB is outside active BWP when UE reports ‘gap’ for the band. 
In Rel-18, when UE supports both MG and NCSG, deactivated SCell can be measured within NCSG. After SCell activation, the MO may further decide to be measured within gap or NCSG or outside gap depends on UE’s band reporting and BWP status.
· If UE reports ‘ncsg’ for the band, and
· if the SSB is within the active BWP, the MO will be measured outside MG and NCSG;
· if the SSB is outside the active BWP, the MO will be measured within NCSG.
· in this case, the MO can be associated within the NCSG. 
· If UE reports ‘gap’ for the band, and
· if the SSB is within the active BWP, the MO will be measured outside MG and NCSG;
· if the SSB is outside the active BWP, the MO will be measured within MG.
· in this case, the MO can be associated within the Type-2 MG. 
[image: ]
Figure 1. The transition from NCSG to MG for a MO with deactivated SCell
[bookmark: _Ref126337280][bookmark: _Ref110117983][bookmark: _Ref115443586]Observation 4: In Rel-17, when UE supports NCSG, deactivated SCell measurement will be performed within NCSG.
[bookmark: _Ref130504451]Observation 5: In Rel-15, activated SCell measurement will be performed within MG provided that SSB is outside the active BWP.
[bookmark: _Ref126337296]Proposal 6: When NW configures a NCSG and a Type-2 MG in ConMGs, RAN4 needs to further clarify UE’s behaviour for the deactivated SCell measurement. 
· When the SCell is deactivated, the deactivated SCell’s MO will be measured within NCSG if the SMTC is partially or fully overlapped.
· When the SCell is activated,
· if UE reports ‘ncsg’ for the band, the related MO is associated within the NCSG, and
· if the SSB is within the active BWP, the MO will be measured outside MG and NCSG;
· if the SSB is outside the active BWP, the MO will be measured within NCSG.
· if UE reports ‘gap’ for the band, the related MO is associated within the MG, and
· if the SSB is within the active BWP, the MO will be measured outside MG and NCSG;
· if the SSB is outside the active BWP, the MO will be measured within MG.
4 Conclusion
In the contribution, we discuss the open issues for NCSG+Con-MGs. We have the following proposals:
Observation 1: UE can perform transmission/reception for two CA cells simultaneously.
Observation 2: In Rel-15/16, RAN4 defines UE to perform parallel measurements between intra-frequency without gap and inter-frequency without gap.
Observation 3: When UE reports the supported NCSG band status, NW doesn’t know whether parallel measurement can be performed among these bands.
Observation 4: In Rel-17, when UE supports NCSG, deactivated SCell measurement will be performed within NCSG.
Observation 5: In Rel-15, activated SCell measurement will be performed within MG provided that SSB is outside the active BWP.
Proposal 1: No new capability is needed if only one spare RF chain is assumed for NCSG+NCSG.
Proposal 2: RAN4 can discuss the new capability if two spare RF chains are assumed for NCSG+NCSG.
Proposal 3: RAN4 to clarify the following understandings when two NCSG patterns are configured.
· Option 1: Same as Rel-17 NCSG, only one spare RF chain is assumed
· Option 2: New capability with at least two spare RF chains is assumed
Proposal 4: When UE supports NCSG and ConMGs, UE can perform parallel measurements in the following scenarios:
· Case 1: NW only configures deactivated SCells’ MOs
· Case 2: NW only configures the MOs in intra-bands in which UE reports to support ‘NCSG’ 
· Case 3: NW configures MOs in intra-band associated with NCSG1 and MOs in inter-band associated with NCSG2 if UE reports ‘NCSG’ for these bands
Proposal 5: RAN4 to study a general solution to allow both NW and UE to know the parallel measurements combination when UE supports NCSG parallel measurement capability.
Proposal 6: When NW configures a NCSG and a Type-2 MG in ConMGs, RAN4 needs to further clarify UE’s behaviour for the deactivated SCell measurement.
· When the SCell is deactivated, the deactivated SCell’s MO will be measured within NCSG if the SMTC is partially or fully overlapped.
· When the SCell is activated,
· if UE reports ‘ncsg’ for the band, the related MO is associated within the NCSG, and
· if the SSB is within the active BWP, the MO will be measured outside MG and NCSG;
· if the SSB is outside the active BWP, the MO will be measured within NCSG.
· if UE reports ‘gap’ for the band, the related MO is associated within the MG, and
· if the SSB is within the active BWP, the MO will be measured outside MG and NCSG;
· if the SSB is outside the active BWP, the MO will be measured within MG.
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