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1. Introduction
Case 2 requirement was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1], in which there are quite many open issues. In this contribution, we continue discussing the open issues.
2. Discussion
The first issue is about NCSG + NCSG:
	Issue 4-1-1: [Case 2] Whether to consider NCSG + NCSG in an FR
< Agreement >: 
· Narrow down options to Option 1 and 3
· Option 1: Yes. FFS whether the same RF chain is assumed for the two NCSG patterns.
· Option 3: Yes, up to UE capability


It has been agreed to cover NCSG + NCSG in case 2 in previous RAN4 meeting. RAN4 narrowed down options. There are two remaining aspects to be discussed. One is whether the same RF chain is assumed for the two NCSG patterns. The other is whether and how to define UE capability.
Regarding the first issue, whether the same RF chain is assumed for the two NCSG patterns, we don’t think such assumption need to be explicitly discussed here. On one hand, we cannot always assume same RF chain for all the bands. Specifically, in real practice UE may use RF chain 1 to support NCSG in low band while use RF chain 2 to support NCSG in high band. On the other hand, using different RF chains doesn’t mean measurement can be done simultaneously when the two NCSG collide with each other. This issue is being discussed under issue 4-2-3. Thus no need to duplicate discussion here.
As for UE capability, we assume there should be at least one capability to indicate support of case 2, on top of support of R17 concurrent gaps and NCSG. The issue here is whether a general capability is needed to indicate support of case 2, or separate capabilities to indicate support of NCSG + Type-2 MG and NCSG + NCSG. Technically, whether separate capabilities are needed depends on whether UE needs extra effort to support NCSG + NCSG on top of support of NCSG + Type-2 MG. According to existing open issues, we do see potential extra effort is needed, such as parallel measurements upon gap collision, gap interruption. Thus, we conservatively propose to allow separate UE capabilities to indicate support of case 2.
[bookmark: _Ref127173597]Proposal 1: no need to discuss whether the same RF chain is assumed for the two NCSG patterns under issue of whether to consider NCSG + NCSG in an FR.
[bookmark: _Ref127173599]Proposal 2: separate capabilities are needed to indicate support of 1) NCSG + Type-2MG and 2) NCSG + NCSG.

Next issue is about parallel measurement on deactivated SCC:
	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 legacy UE is not required to perform any parallel measurement on different deactivated SCC. In CSSF design, RAN4 requirements assume there are up to two searchers. One if assigned for PCC measurement and the other one is shared among all other CC, including PSCC and SCC. Note that the assumption is not only subject to availability of RF chain, but also about availability of BB resource for measurement purpose. Supporting NCSG + NCSG has no impact on such assumption. On one hand, supporting NCSG + NCSG doesn’t always mean there are two vacant RF chains which can be used simultaneously on different carriers. Instead, it could be same RF chain to support non-overlapping NCSG in time domain. On the other hand, even there are two vacant RF chains, it doesn’t mean UE can support parallel measurement. BB limitation is still there. 
Besides, it is not crystal clear to say “when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns” since association between MO and NCSG is provided via RRC, while SCell can be activated/deactivated via MAC. Therefore, the condition “when NW only configures the deactivated SCells’ measurement objects associating with two NCSG patterns” may only be a temporary status.
[bookmark: _Ref127173601]Proposal 3: parallel measurements deactivated SCells’ measurement with two NCSG shall not be a target in this WI.

Nest issue is about detail combinations for UE supporting per-FR gap
	Issue 4-1-4: [Case 2] Detail combinations for UE supporting per-FR gap
< Wayforward>: 
· FFS.


Given that RAN4 already agreed not to increase the max number of gaps for Case 2 (NCSG and multiple concurrent MGs) comparing to Rel-17 concurrent MG design, RAN4 can discuss the gap combination for case 2 based on the existing gap combination of R17 concurrent gaps. The changes are:
1) When 2 gaps can be configured: for UE capable of [NCSG + NCSG], up to 2 gaps can be configured as NCSG. For UE capable of [NCSG + Type-2 MG] but not [NCSG + NCSG], up to 1 gap can be configured as NCSG.
2) When 1 gap can be configured: For UE capable of either [NCSG + Type-2 MG] or [NCSG + NCSG], up to 1 gap can be configured as NCSG.
[bookmark: _Ref126919974]Proposal 4: gap combination configuration of case 1 can be derived based on gap combination of concurrent gaps defined in TS38.133 table 91.8-1 with the following additional two Notes:
1) When 2 gaps can be configured: for UE capable of [NCSG + NCSG], up to 2 gaps can be configured as NCSG. For UE capable of [NCSG + Type-2 MG] but not [NCSG + NCSG], up to 1 gap can be configured as NCSG.
2) When 1 gap can be configured: For UE capable of either [NCSG + Type-2 MG] or [NCSG + NCSG], up to 1 gap can be configured as NCSG.
Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2Note 2
	1Note 3
	0

	1
	1
	2 Note 2
	0

	2
	0
	0
	2 Note 2

	3Note 1
	1 Note 3
	0
	1 Note 3

	4Note 1
	0
	1 Note 3
	1 Note 3

	5Note 1
	1 Note 3
	1 Note 3
	1 Note 3

	6
	2 Note 2
	0
	0

	7
	0
	2 Note 2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note 2:   for UE capable of [NCSG + NCSG], up to 2 gaps can be configured as NCSG. For UE capable of [NCSG + Type-2 MG] but not [NCSG + NCSG], up to 1 gap can be configured as NCSG.
Note 3:   For UE capable of either [NCSG + Type-2 MG] or [NCSG + NCSG], up to 1 gap can be configured as NCSG.




Next issue is about gap sharing
	Issue 4-2-2: [Case 2] Whether to consider gap sharing rule
< Agreement>: 
· Gap sharing rules shall not be considered when the two gaps are with different priority.
< Wayforward>: 
· FFS whether RAN4 to consider the gap sharing rule when two gaps configured with equal priority. 
· TBD a deadline to cut off the discussion.


This issue has been discussed for several meetings. One possible solution is to confirm that NW will not configure equal priority for different gaps. Otherwise, RAN4 still needs to discuss UE measurement behaviour when equal priority is configured, for which we believe gap sharing rule is good candidate.
[bookmark: _Ref126919979]Proposal 5: two options to address equal priority:
· Option 1: add requirement applicability that RAN4 requirements do not apply when equal priority is configured for different gaps
· Option 2: introduce gap sharing rule when two gaps configured with equal priority

Next issue is about parallel measurement upon gap collision:
	Issue 4-2-3: [Case 2] Whether to parallel measurements upon gap collision
< Wayforward >: 
· FFS.
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. 


Parallel measurements upon gap collision 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 6: 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.
[bookmark: _Ref127173609]Proposal 7: no need to define further enhancement on gap collision handling except priority rule.

Next issue is about deactivated SCell:
	Issue 4-3-1: [Case 2] Potential changes for de-activated SCell
< Wayforward >: 
· FFS the options
· 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


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 cannot 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. Note that the feedback of NCSG is per RRC level while SCell activation/deactivation is done via MAC, which is more dynamic than RRC. Conservatively, the UE shall not claim support of NCSG on this SCell. Unless the UE is always operating with larger BW, e.g. as CBW, the UE may still support NCSG for this SCell. Therefore, some optimization is needed.
[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.
[bookmark: _Ref127173613][bookmark: _Ref118282063]Proposal 8: a new indication shall be introduced enable support of NCSG for deactivated SCell only. 


3. Conclusion
In this contribution, we provide further discussion on case 2 requirements. After discussion, the following conclusions are provided:
Proposal 1: no need to discuss whether the same RF chain is assumed for the two NCSG patterns under issue of whether to consider NCSG + NCSG in an FR.
Proposal 2: separate capabilities are needed to indicate support of 1) NCSG + Type-2MG and 2) NCSG + NCSG.
Proposal 3: parallel measurements deactivated SCells’ measurement with two NCSG shall not be a target in this WI.
Proposal 4: gap combination configuration of case 1 can be derived based on gap combination of concurrent gaps defined in TS38.133 table 91.8-1 with the following additional two Notes:
1) When 2 gaps can be configured: for UE capable of [NCSG + NCSG], up to 2 gaps can be configured as NCSG. For UE capable of [NCSG + Type-2 MG] but not [NCSG + NCSG], up to 1 gap can be configured as NCSG.
2) When 1 gap can be configured: For UE capable of either [NCSG + Type-2 MG] or [NCSG + NCSG], up to 1 gap can be configured as NCSG.
Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2Note 2
	1Note 3
	0

	1
	1
	2 Note 2
	0

	2
	0
	0
	2 Note 2

	3Note 1
	1 Note 3
	0
	1 Note 3

	4Note 1
	0
	1 Note 3
	1 Note 3

	5Note 1
	1 Note 3
	1 Note 3
	1 Note 3

	6
	2 Note 2
	0
	0

	7
	0
	2 Note 2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].
Note 2:   for UE capable of [NCSG + NCSG], up to 2 gaps can be configured as NCSG. For UE capable of [NCSG + Type-2 MG] but not [NCSG + NCSG], up to 1 gap can be configured as NCSG.
Note 3:   For UE capable of either [NCSG + Type-2 MG] or [NCSG + NCSG], up to 1 gap can be configured as NCSG.



Proposal 5: two options to address equal priority:
· Option 1: add requirement applicability that RAN4 requirements do not apply when equal priority is configured for different gaps
· Option 2: introduce gap sharing rule when two gaps configured with equal priority
Observation 1: in R17 NCSG design UE is not required to measured more than one layer.
Proposal 6: 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.
Proposal 7: no need to define further enhancement on gap collision handling except priority rule.
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 8: a new indication shall be introduced enable support of NCSG for deactivated SCell only.
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