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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF capturing agreements and open issues related to network controlled small gap (NCSG) was approved [1]. 
In this contribution we analyze the open issues related to the network controlled small gap (NCSG) identified in the last meeting.
2. Use cases and scenarios for using NCSG pattern
The following was agreed regarding use cases and scenarios for NCSG [1].
· The use cases of NR NCSG can be similar as these of LTE
The specific use cases can be FFS
Whether the usage of per-CC gap can be FFS
· NCSG supports both synchronous/asynchronous operation
FFS on whether to define separate NCSG patterns for sync and async needs more discussion
The main purpose of NCSG is to ensure that when the UE performs measurements on PCell, activated SCell/PSCell, deactivated SCell and/or unused RF chain then the interruptions on PCell and/or activated SCell(s) shall occur only during visible interruption length before measurement (VIL1) and visible interruption length after measurement (VIL2). 
Furthermore, NCSG can be used for hiding interruptions during the VIL1 and VIL2 when the SCell is configured with dormant BWP or switched to dormant BWP. During dormancy the UE is not expected to monitor the control channel on the SCell with dormant BWP. The UE can therefore turn off its receiver most of the time. But UE still periodically retunes its receiver for performing CSI and RRM measurements typically once every 40 ms. 
The VIL1 and VIL2 will be different for synchronous and asynchronous operation. Both synchronous and asynchronous operational scenarios are important. It is not efficient to apply unnecessary larger VIL1/VIL2 when the synchronous operation is used. Therefore, in our view separate NCSG should be supported for both synchronous and asynchronous operations. 
We therefore support the following basic scenarios for using NCSG to avoid interruptions in NR:
· Proposal # 1: If NCSG is configured then the interruptions on PCell, PSCell or activated SCell(s) due to measurements on PCell, PSCell, activated SCell, deactivated SCell, SCell with dormant BWP or unused RF chain shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
· Proposal # 2: If NCSG is pre-configured then after switching from non-dormant BWP to dormant BWP on a SCell, then interruptions on PCell, PSCell or activated SCell(s) due to measurements on the SCell with dormant BWP shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
· Proposal # 3: NCSG should be supported for both synchronous and asynchronous operations.
· Proposal # 4: Separate NCSG patterns for synchronous and asynchronous operations are defined.
3. NCSG patterns
The following was agreed regarding the NCSG patterns [1].
· The general NCSG design principle :
· FFS on which legacy patterns in Rel16 can be reused for NCSG
Option 1. All 26 NCSG patterns in Rel16
Option 2 Reuse part of the legacy MG patterns in [2] as the new NCSG patterns in NR.
Option 2a : reuse part of the legacy MG patterns with long MGL, e.g., gap pattern with ID 0,1,4,5 for FR1, or ID 12,13,14,15 for FR2.
Option 2b : NR gap patterns #0~23 .
Option 2c :  RAN4 should consider defining a limited number of suitable NCSG patterns and assign a UE capability to some of them, while the remaining ones will form a basic set. In addition, RAN4 may consider a UE capability in view of different support levels related to VIL requirements
· VIL: FFS on whether VIL shall be defined as the equivalent time of the interrupted slots or, equals to absolute RF retuning time defined in Rel-15
FFS: depending on numerology
· ML: If legacy gap pattern can be reused for NCSG, we can assume that MGL= VIL1+ML+VIL2 
· VIRP: If legacy gap pattern can be reused for NCSG, VIRP = MGRP of legacy MG
· FFS on Per-UE/Per-FR NCSG applicability
Option 1 : NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap.
Option 2: Support both per FR and per UE NCSG patterns
In Rel-17 there are 26 gap patterns (ID # 0 to # 25) for NR (Table 9.1.2-1, TS 38.133). Their purpose and usage for different measurement scenarios are stated in Table 9.1.2-2, TS 38.133. Gap patterns with ID # 12-23 can be configured only for FR2 while others can be used for FR1 and/or FR2 together or separately. All gap patterns (ID # 0 to # 25) can be configured as per UE gaps. All gap patterns, except gap patterns with ID # 24 and # 25, can be configured as per FR gap if the UE supports per FR gap capability. But gap patterns with ID # 24 and # 25 can only be used when positioning measurement is performed. Positioning measurement is always done using gaps. Therefore, we do not see the need for defining NCSG corresponding to ID # 24 and # 25. Instead, the NCSG patterns corresponding to legacy gap patterns with ID # 0 to # 23 can be defined for both synchronous and asynchronous operartion. 
The MGP parameters: MGL and MGRP are expressed in ‘A ms’ and ‘B ms’ respectively. In our view same approach should be used for expressing NCSG parameters: VIL1, VIL2, ML and VIRP.  
Visible interruption lengths; VIL1 and VIL2:
The VIL1 and VIL2 will depend on whether NCSG is supported for synchronous or asynchronous operation and whether NCSG is only for FR2 or for both FR1 and FR2. The longest interruption is for FR1 with asynchronous case (i.e. 2 ms) and longest for FR2 (i.e. 0.75 ms) since 60 kHz SCS is supported for FR2. This is shown below in Table 1 from Table 8.2.4.2.6-1, TS 38.133:


Table 1: Interruption length at transition between active and non-active during DRX
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	NR Slot length (ms)
	Interruption length X (slots)

	
	
	Sync
	Async

	0
	1
	1
	2

	1
	0.5
	1
	2

	2
	0.25
	3

	3
	0.125
	5


Based on the above argument we propose that VIL1 and VIL2 for FR1 and FR2 are defined agnostic to SCS. Therefore, VIL1 and VIL2 can be expressed as shown in table 2:
Table 2: Proposed values of VIL1 and VIL2 for FR1 and FR2
	VIL1
	VIL2

	Sync
	Async
	Sync
	Async

	1 ms
	2 ms
	1 ms
	2 ms

	0.75 ms
	0.75 ms


Measurement length (ML):
The measurement lengths should be large enough to enable the UE to perform the measurements on cells of the carrier whose receiver is tuned. 
The ML will depend on synchronous or asynchronous MR-DC and FR (FR1 or FR2). 
In general, the ML for synchronous can be derived as follows:
MLsync =  Nslots_sync Tslot  - (VIL1+VIL2)              [ms]                                               (1)
In general, the ML for asynchronous can be derived as follows:
MLasync =  Nslots_async Tslot  - (VIL1+VIL2)              [ms]                                          (2)
Nslots_sync = Total number of interrupted slots on serving cells defined in Table 9.1.2-4, TS 38.133.
Nslots_async = Total number of interrupted slots on serving cells defined in Table 9.1.2-4a, TS 38.133.
Tslot  = 	NR slot length in ms
· Proposal # 5: Define NCSG patterns for synchronous and asynchronous operations corresponding to legacy gap patterns with ID # 0 to ID #23 (defined in Table 9.1.2-1, TS 38.133).
· Proposal # 6: VIL1 and VIL2 for FR1 and FR2 are defined as follows:
	VIL1
	VIL2

	Sync
	Async
	Sync
	Async

	1 ms
	2 ms
	1 ms
	2 ms

	0.75 ms
	0.75 ms


· Proposal # 7: ML for synchronous MR-DC (MLsync) and ML for aynchronous MR-DC (MLasync) can be derived as follows:
                                            MLsync =  Nslots_sync Tslot  - (VIL1+VIL2)               [ms]
MLasync =  Nslots_async Tslot  - (VIL1+VIL2)                  [ms]
Where:
· Nslots_sync = Total number of interrupted slots on serving cells defined in Table 9.1.2-4, TS 38.133.
· Nslots_async = Total number of interrupted slots on serving cells defined in Table 9.1.2-4a, TS 38.133.
· Tslot  = 	NR slot length in ms
4. NCSG configuration
The following was agreed regarding the NCSG pattern configuration principle [1].

· FFS on Implicit or explicit configuration of NCSG
· Option 1. UE may assume the implicit and explicit configurations of NCSG are not concurrently activated.
Implicit activation of NCSG means UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
Explicit activation of NCSG means UE follows the configuration of the network in terms of VIL1/VIL2/ML and VIRP.
· Option 2. NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset.
The NCSG pattern is typically configured for longer duration since measurements are performed over longer duration. The NCSG pattern configuration also involves several parameters. For consistency and simplicity reasons, in our view the explicit configuration of the NCSG pattern is better approach.
· Proposal # 8: Network explicitly configures the NCSG patterns including all parameters related to the NCSG pattern (VIL1/VIL2/ML/VIRP and gap offset).
5. Impact on RRM requirements due to NCSG
The following was agreed regarding the impact of the NCSG pattern on RRM requirements [1].
FFS on Interruption requirements
· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· Option 1a. for UE supporting per-FR gap, VIL is allowed only on the serving cell in the same FR wherein there is NCSG operation. Otherwise, VIL is allowed on all serving cells.
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· Requirements related to MGTA and impact to UL transmission follow Rel-15.

FFS on Per-UE or Per-FR capability support 
· Option 1:per UE and per FR NCSG for RRM measurement needs the specific UE capability.
We don’t see any reason to revisit the interruption requirements defined in TS38.133 and TS36.133 when the UE measures without gaps and causes interruption on serving cells. In our view the interruption length defined for SCell activation/deactivation can serve as starting point for the study of VIL requirements. 
NCSG patterns will also be defined as per UE and per FR. It is reasonable to define them as specific UE capability.
· Proposal # 9: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· Proposal # 10: Per UE and per FR NCSG for RRM measurement needs the specific UE capability
6. Measurement applicability
The following was agreed regarding the measurement applicability when NCSG pattern is used [1].

· FFS: whether NCSG can be configured simultaneously with legacy gap pattern
· FFS on RF combination limitation
· FFS on Rx beam limitation
· FFS on searcher limitation
· RAN4 needs to further investigate the scheduling and measurement restriction between serving cell L1 measurement, intra-frequency measurements and inter-frequency measurements for NCSG
In the first phase of the WI the UE can be configured only with NCSG pattern. In the second phase of the WI the simultaneous configuration of the NCSG pattern and the legacy gap pattern can be considered.
When configured with NCSG then the UE should be able to perform measurements on serving carriers in parallel over their respective measurement periods. In this case no scaling factor (CSSF) is needed to scale the measurement periods.
If the UE is configured to measure on non-serving carriers using NCGS then the measurement periods for measurements on non-serving carriers need to be scaled by the scaling factor (CSSF) as done for measurement with gaps.
If the UE is configured to measure on serving and non-serving carriers using NCGS then NCSG gaps are split for between measurements on serving and non-serving carriers using the gap sharing parameter (X), which in turns impact the scaling factor (CSSF) determination.
The existing scheduling requirements defined for FR1 and FR2 can apply also during the ML. 
· Proposal # 11: In the first phase of the WI consider only the scenario in which the UE is configured only with NCSG pattern.
· Proposal # 12: When configured to perform measurements only on serving carriers using NCSG then:
· no scaling factor (CSSF) is needed to scale their measurement periods
· their measurement period scales with/depends on VIRP
· Proposal # 13: When configured to perform measurements only on non-serving carriers using NCSG then:
· scaling factor (CSSF) is needed to scale their measurement periods
· their measurement period further scales with/depends on VIRP
· Proposal # 14: When configured to perform measurements on serving and non-serving carriers using NCSG then:
· gap sharing parameter (X) is used for splitting NCSG gaps between serving and non-serving carriers.
· scaling factor (CSSF) including X is needed to scale their measurement periods
· their measurement period further scales with/depends on VIRP
· Proposal # 15: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply.
7. Specification impacts  
The following was agreed regarding the specification impact to introduce NCSG pattern [1].
FFS on Which clause can be used to include NCSG pattern in 38.133
· Option 1: Similar section for defining NCSG patterns can be introduced in the 38.133 section 9.1.2 Measurement capability.
· Option 2: NCSG patterns can be introduced in the 38.133 in a separate (dedicated) section
While it is premature to finalize the clauses impacting NCSG pattern inclusion in TS 38.133. However, this is broad feature which is expected to evolve also in future and even during the later phase of the WI e.g. configuration of different MGP types in parallel. On the one hand separate dedicated section is more feasible for defining NCSG. On the one other hand there is link to legacy gap pattern or related parameters e.g. gap sharing, CCSF etc. 
We therefore suggest that the decision regarding the specification section for NCSG is deferred until more details of NCSG concept and patterns are agreed by RAN4.  
· Proposal # 16: Decision of the specification section(s) for specifying the NCSG patterns is deferred until reasonable level of agreements on NCSG concept and patterns are agreed by RAN4.
8. Signaling aspects
The following was agreed regarding the signaling needed to introduce NCSG pattern [1].
FFS on How to consider the relation between NCSG and ‘NeedForGap’?
· Option 1: Rel-17 NCSG to directly reuse Rel-16 ‘NeedForGap’ signalling with ‘no gap’ equaling NCSG.
· Option 2: The “NeedForGap” signaling structure can be reused for NR NCSG as a start point
· Other options not precluded.
FFS on NW configuration signaling e.g gp-ncsg0/1…/n like LTE.
It is not certain at this stage if the “NeedForGap” structure can be reused or some modification is needed e.g. to add separate option of NCSG or replace ‘no gap’ with NCSG. The relation between NCSG and ‘NeedForGap’ signaling structure needs RAN2 expertise. RAN4 should provide RAN4 agreements on NCSG patterns and details and let RAN2 decide the NCSG signaling details.
· Proposal # 17: Let RAN2 decide NCSG signaling details and any relation between NCSG and ‘NeedForGap’ based on RAN4 technical input on NCSG pattern design.
2. Summary and Proposals
[bookmark: _Hlk23953093]In this paper we have provided further analysis of using NCSG gaps for different use cases and scenarios based on the last WF [1]. Based on the analysis following are the main proposals: 
Scenarios for NCSG patterns:
· Proposal # 1: If NCSG is configured then the interruptions on PCell, PSCell or activated SCell(s) due to measurements on PCell, PSCell, activated SCell, deactivated SCell, SCell with dormant BWP or unused RF chain shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
· Proposal # 2: If NCSG is pre-configured then after switching from non-dormant BWP to dormant BWP on a SCell, then interruptions on PCell, PSCell or activated SCell(s) due to measurements on the SCell with dormant BWP shall not occur outside the visible interruption length before measurement (VIL1) and the visible interruption length after measurement (VIL2).
· Proposal # 3: NCSG should be supported for both synchronous and asynchronous operations.
· Proposal # 4: Separate NCSG patterns for synchronous and asynchronous operations are defined.


NCSG patterns: 
· Proposal # 5: Define NCSG patterns for synchronous and asynchronous operations corresponding to legacy gap patterns with ID # 0 to ID #23 (defined in Table 9.1.2-1, TS 38.133).
· Proposal # 6: VIL1 and VIL2 for FR1 and FR2 are defined as follows:
	VIL1
	VIL2

	Sync
	Async
	Sync
	Async

	1 ms
	2 ms
	1 ms
	2 ms

	0.75 ms
	0.75 ms


· Proposal # 7: ML for synchronous MR-DC (MLsync) and ML for aynchronous MR-DC (MLasync) can be derived as follows:
                                            MLsync =  Nslots_sync Tslot  - (VIL1+VIL2)               [ms]
MLasync =  Nslots_async Tslot  - (VIL1+VIL2)              [ms]
Where:
· Nslots_sync = Total number of interrupted slots on serving cells defined in Table 9.1.2-4, TS 38.133.
· Nslots_async = Total number of interrupted slots on serving cells defined in Table 9.1.2-4a, TS 38.133.
· Tslot  = 	NR slot length in ms
[bookmark: _Hlk68195446]NCSG patterns:
· Proposal # 8: Network explicitly configures the NCSG patterns including all parameters related to the NCSG pattern (VIL1/VIL2/ML/VIRP and gap offset).
[bookmark: _Hlk68195532]Impact on RRM requirements due to NCSG:
· Proposal # 9: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements.
· Proposal # 10: Per UE and per FR NCSG for RRM measurement needs the specific UE capability.
Measurement applicability:
· Proposal # 11: In the first phase of the WI consider only the scenario in which the UE is configured only with NCSG pattern.
· Proposal # 12: When configured to perform measurements only on serving carriers using NCSG then:
· no scaling factor (CSSF) is needed to scale their measurement periods
· their measurement period scales with/depends on VIRP
· Proposal # 13: When configured to perform measurements only on non-serving carriers using NCSG then:
· scaling factor (CSSF) is needed to scale their measurement periods
· their measurement period further scales with/depends on VIRP
· Proposal # 14: When configured to perform measurements on serving and non-serving carriers using NCSG then:
· gap sharing parameter (X) is used for splitting NCSG gaps between serving and non-serving carriers.
· scaling factor (CSSF) including X is needed to scale their measurement periods
· their measurement period further scales with/depends on VIRP
· Proposal # 15: When NCSG is configured then during the ML the existing scheduling restriction requirements defined in TS 38.133 shall also apply.


Measurement applicability:
· Proposal # 16: Decision of the specification section(s) for specifying the NCSG patterns is deferred until reasonable level of agreements on NCSG concept and patterns are agreed by RAN4.
Signaling aspects:
· Proposal # 17: Let RAN2 decide NCSG signaling details and any relation between NCSG and ‘NeedForGap’ based on RAN4 technical input on NCSG pattern design.
9. References
[1] R4-2103677, “WF on R17 NR MG enhancements – Pre-configured MG patterns and NCSG”, Intel.
[2] R4-2102656, “Overview of requirements for network controlled small gap”, Ericsson
image1.wmf
m


