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1. Introduction
Case 2 requirements was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1]. There are still quite many open items. In this contribution, we continue discussion on RRM requirement design for case 2.
2. Discussion
The first issue we would like to discuss is about UE behavior upon gap collision:
	Issue 2-21: [Case 2] Potential changes to UE behavior upon gap collision
< Wayforward >: FFS the following options
· Option 1: When the MGL of concurrent gap or the activated pre-configured MG is overlapped with the ML of NCSG, or when VIL1/VIL2 of NCSG is overlapped with the MGL of concurrent gap or the activated pre-configured MG, if the impact on measurement performance due to RTT is negligible, UE can perform the measurements on the collided gaps simultaneously and no need to consider the dropping rule. 
· Option 2: For the case that RRT of one NCSG pattern is overlapped with MGL of legacy MG, RRT may have impact on the measurement performed during MGL of legacy MG. It is proposed to further discuss how serious this impact is and how to solve this issue if the impact is not negligible. 
· Option 3: The collision handling can be further checked since in fact the gap  ancelling is not always necessary when collision happens since of the necessity of NCSG is per band for the UE capable of NCSG. 
· For the collision instance, if no MO needs NCSG, no need to cancel any one between NCSG and MG(NCSG);
· For the collision instance, if at least one MO needs NCSG, there are two possible solutions of collision handling: 
· keep both NCSG and MG(NCSG) at the price of NCSG degradation to legacy MG;
· Cancel the MG or the lower priority of NCSG.
· Which solution should be applied, it can be decided by the priority order. If the NCSG has higher priority than MG, then cancel the MG; Otherwise, neither of them would be canceled but at the price of NCSG degradation to MG.
· Option 4: RAN4 not to consider enhanced requirements for collision handling


It seems option 1 and 2 require UE to perform RRM measurement on multiple carriers simultaneously within NCSG and another (Pre-)MG. However, this violates the assumption in R17 NCSG design. In R17 NCSG design, not only availability of vacant RF chain, but also baseband restriction like searcher limitation and gap scheduling are considered. 
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Figure 1 R17 NCSG - SMTC is fully covered by ML
In above example, UE serving cell is on band A. UE support NCSG for both band A and B. Even though UE has a vacant RF chain which can be used for measuring neighbor band B, UE is not required to measured band A and B simultaneously. This can be observed in NCSG CSSF design:
	9.1.5.3.1	SA mode: carrier-specific scaling factor for measurements performed within NCSG
When one or more measurement objects are monitored within NCSG, the carrier specific scaling factor for a target measurement object with index i is designated as CSSFwithin_ncsg,i and is derived as described in this clause.
For each NCSG occasion j, count the total number of intra-frequency measurement objects and inter-frequency/inter-RAT measurement objects which are candidates to be measured within the occaison j.
-	An NR measurement object with SSB measurement configured is a candidate to be measured in an NCSG occasion if its SMTC duration is fully covered by the ML. For intra-frequency NR measurement objects, if the higher layer in TS 38.331 [2] signaling of smtc2 is configured, the assumed periodicity of SMTC occasions corresponds to the value of higher layer parameter smtc2; otherwise the assumed periodicity of SMTC occasions corresponds to the value of higher layer parameter smtc1.
-	An inter-RAT E-UTRA measurement object configured is a candidate to be measured in all NCSG occasions.
-	Mintra,i,j: Number of intra-frequency measurement objects which are candidates to be measured in NCSG occasion j where the measurement object i is also a candidate. Otherwise Mintra,i,j  equals 0.
-	Minter,i,j : Number of NR inter-frequency measurement objects and E-UTRA inter-RAT measurement objects which are candidates to be measured in NCSG occasion j where the measurement object i is also a candidate. Otherwise Minter,i,j  equals 0.


For this case, Mintra,i,j = 1 and Minter,i,j = 1. Thus CSSF = 2.
Similarly, when SMTC on band A is partially covered by ML, UE is not required to perform measurement on band A and B simultaneously. In fact, UE would measure band A outside NCSG.
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Figure 2 R17 NCSG - SMTC is partially covered by ML
This can be observed in requirements of intra-frequency measurement without gap:
	When intra-frequency SMTC is partially overlapping with measurement gaps, Kp = 1/(1- (SMTC period /MGRP)), where SMTC period < MGRP. When intra-frequency SMTC is partially overlapping with the ML of NCSG, Kp = 1/(1- (SMTC period /VIRP)), where SMTC period < VIRP. For calculation of Kp, if the high layer signalling (TS 38.331 [2]) of smtc2 is configured, for cells indicated in the pci-List parameter in smtc2, the SMTC periodicity corresponds to the value of higher layer parameter smtc2; for the other cells, the SMTC periodicity corresponds to the value of higher layer parameter smtc1.


[bookmark: _Ref118282029]Observation 1: in R17 NCSG design UE is not required to measured more than one layer.
When we come to R18, the above examples can be easily extended to NCSG plus another gap. Take a Type-2 MG for example:
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Assume UE serving cell is on band A. UE support NCSG on band B but not band C. Thus NW configures a Type-2 MG for UE to measure band C. Here we assume VIL is outside SMTC to cover option 1 and 2. Since UE it not even required to measure band A within ML, it is unreasonable to require UE to measure band C within ML, i.e. neither NCSG nor GAP is dropped.
[bookmark: _Ref118282045]Proposal 1: when NCSG collides with another gap, either NCSG or the other gap shall be dropped. UE is not expected to perform measurement simultaneously in the NCSG and the other gap.

The second issue is about potential changes to 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.


In our understanding, option 1 and 2 require some enhancement on R17 NCSG reporting, which is beneficial and can increase the applicability of NCSG. According to R17 NCSG reporting, UE indicates two entries respectively for intra-frequency and inter-frequency measurement:
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One thing we would like to highlight is that the reporting is relatively static, based on the configured CA band combination and regardless of whether the SCell is activated or not. Therefore, if some MO can not be measured within NCSG, e.g. SCell is activated and the MO is outside active BWP, UE shall not claim support of NCSG on this band or serving cell. For example:
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Figure 3 NCSG for SCell measurement
Assuming there is a vacant RF chain when the SCell is deactivated, then UE can use it for measurement on the deactivated SCell. However, when the SCell is activated and BWP2 is the active BWP, UE may not support the measurement with NCSG since the MO is outside active BWP. Conservatively, the UE shall not claim support of NCSG on this SCell.
If the UE is always operating with larger BW, e.g. as CBW, the UE may still support NCSG for this SCell.
[bookmark: _Ref118282032]Observation 2: according to R17 NCSG reporting design, UE shall NOT indicate support of NCSG for the band unless UE can always perform measurement within NCSG regardless of which BWP is the active BWP. In other word, once UE indicates support of NCSG for the band, the MO within this band can always be measured within NCSG.
Therefore, a prerequisite of option 1 and 2 is that UE can indicate support of NCSG when SCell is deactivated. If this is agreeable, then RAN4 can further discuss how to optimize when the SCell is active, and UE loses support of NCSG.
[bookmark: _Ref118282063]Proposal 2: a new indication shall be introduced enable support of NCSG for deactivated SCell only. If this is agreeable, RAN4 can further discuss the potential changes to gap association as captured in issue 2-22 in thread [104-bis-e][222] NR_Mob_enh2_part1, e.g. how to handle MO requires MG when SCell is activated.

Another issue is on potential changes to measurement requirements:
	Issue 2-24: [Case 2] Potential changes to measurement requirements
< Wayforward >: FFS the following options
· Option 1: CATT
· The measurement requirements can be reused except that the CSSF for gap and NCSG are defined separately. 
· Option 2: Qualcomm
· The measurement requirements for Rel-17 concurrent MG will be applicable to gap combinations that include NCSG(s) (Case 2). For NR SSB-based measurements performed within NCSG, a scaling factor Kgap needs to be added to account for collisions with other measurement gaps.


We believe option 1 and 2 are not completely mutual exclusive. But option 2 is clearer.
[bookmark: _Ref118282066]Proposal 3: The measurement requirements for Rel-17 concurrent MG will be applicable to gap combinations that include NCSG(s) (Case 2). For NR SSB-based measurements performed within NCSG, a scaling factor Kgap needs to be added to account for collisions with other measurement gaps.

The last one is about NW configuration:
	Issue 2-25: [Case 2] Network configuration
< Wayforward >: The following option: 
·  Option 1: Network shall configure all measurement gaps within the concurrent MGs as NCSG when UE can support NCSG capability


First, this depends on whether NCSG+NCSG is supported, which shall be as in our understanding. Second, it seems this is NW implementation issue, even though it technically has better performance. Therefore, we don’t have strong view whether RAN4 needs to explicitly agree on this one. 

3. Conclusion
In this contribution, we provide further discussion case 2 RRM requirements. After discussion the following conclusions are provided:
Observation 1: in R17 NCSG design UE is not required to measured more than one layer.
Proposal 1: when NCSG collides with another gap, either NCSG or the other gap shall be dropped. UE is not expected to perform measurement simultaneously in the NCSG and the other gap.
Observation 2: according to R17 NCSG reporting design, UE shall NOT indicate support of NCSG for the band unless UE can always perform measurement within NCSG regardless of which BWP is the active BWP. In other word, once UE indicates support of NCSG for the band, the MO within this band can always be measured within NCSG.
Proposal 2: a new indication shall be introduced enable support of NCSG for deactivated SCell only. If this is agreeable, RAN4 can further discuss the potential changes to gap association as captured in issue 2-22 in thread [104-bis-e][222] NR_Mob_enh2_part1, e.g. how to handle MO requires MG when SCell is activated.
Proposal 3: The measurement requirements for Rel-17 concurrent MG will be applicable to gap combinations that include NCSG(s) (Case 2). For NR SSB-based measurements performed within NCSG, a scaling factor Kgap needs to be added to account for collisions with other measurement gaps.
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