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1   Introduction
In RAN4 #101bis-e meeting, the WF [1] was approved. In this contribution, we discuss the remaining open issues.
2   Discussion
2.1   Enabling NCSG in FR2 and Scheduling Restriction in FR1 and FR2
Multiple MO is listed as an open issue in scheduling restriction. We propose to impose scheduling restriction on the union of SSB symbols to be measured from all the configured MOs. Text proposal is in the following:
Proposal 1: Capture the scheduling restriction as the following text proposal:

When multiple MOs are configured, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the union of SSB symbols to be measured from all MOs, and on 1 data symbol before each consecutive SSB symbols to be measured in the union and 1 data symbol after each consecutive SSB symbols to be measured in the union within SMTC window duration. When the boundary of the union doesn’t align with the serving carrier slot/symbol boundary, the partial overlapping symbol is counted towards the overlapping to the union as a whole symbol.

2.2   NCSG mandatory patterns, configuration, capability signaling, and reference point
Note that the interruption by NCSG is fixed in the same FR regardless of MGL. The new NR-only mandatory GPs aims at reducing the throughput impact by adding smaller MGL mandatory GPs. From power consumption perspective, since the measurement length is in the scale of several ms, the major contributor to power consumption is on/off and configuration procedure instead of the few ms measurement duration, and shorter ML brings only negligible power benefit. 

Observation 1: Spare chain power consumption in NCSG is dominated by on/off and configuration, and shorter ML brings negligible power benefit.

Given that NCSG interruptions are the same with different MGLs within the same FR and the power benefit is negligible, we propose not to mandate any additional GPs from R16.
Proposal 2: No additional mandatory NCSG patterns besides agreed GP 0, 1, 13 and 14.
Since NCSG is a new feature with a new type of gaps, extending R15 capability to cover the new feature is problematic. Therefore, we propose to add a new NCSG per-UE and per-FR capability separated from per-UE and per-FR capability for legacy gaps. We are open to discuss whether this capability is per-UE/FR or per-BC, but new capability is needed.

Similarly, we propose to introduce a separated set of capabilities for NCSG gap pattern support signaling, including general and NR-only.
Proposal 3: Add a new separated UE capability for per-UE or per-FR NCSG support signaling, and a separated set of NCSG pattern support capabilities. 

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type


	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-Y
	Network controlled small gap (NCSG)
	Support of per-FR NCSG (independentGapConfig)


	
	yes
	no
	UE cannot signal  per-FR NCSG capability
	per-UE
	No
	No
	
	
	Optional with capability signalling



	X-Y+1
	Network controlled small gap (NCSG)
	Supported NCSG patterns
	X-Y
	yes
	no
	Network does not know whether some NCSG patterns can be configured to UE
	per-UE
	No
	No
	
	
	Optional with capability signalling
NCSG

patterns #0, #1, [x1, y1, …] are conditional mandatory if UE support X-1

	X-Y+2
	Network controlled small gap (NCSG)
	Supported NR-only NCSG patterns
	X-Y
	yes
	no
	Network does not know whether some NR-only NCSG patterns can be configured to UE
	per-UE
	No
	No
	
	
	Optional with capability signalling
NCSG

patterns #0, #1, [x2, y2, …] are conditional mandatory if UE support X-1


Given that RAN4 agreed to set MGTA = 0.75ms for FR2 NCSG patterns based on the reference point at the beginning of VIL, the reference point for offset should follow it. Therefore, we propose:

Proposal 4: The offset of NCSG refers to the starting point of VIL1.
RAN4 spec doesn’t include MGTA = 0.25ms in interruption requirement for legacy MGs, as the following table shows :
	NR 
	Total number of interrupted slots on serving cells

	SCS
	When MG timing advance of 0ms is applied
	When MG timing advance of 0.5ms is applied

	(kHz)
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms
	MGL=20ms
	MGL=10ms
	MGL=6ms
	MGL=4ms
	MGL=3ms

	15
	20
	10
	6
	4
	3
	21Note3
	11Note3
	7Note3
	5Note3
	4Note3

	30
	40
	20
	12
	8
	6
	40
	20
	12
	8
	6

	60
	80
	40
	24
	16
	12
	80
	40
	24
	16
	12

	120
	160
	80
	48
	32
	24
	160
	80
	48
	32
	24

	NOTE 1:
For Gap Pattern ID 0, 1, 2 and 3, total number of interrupted subframes on MCG is MGL subframes when MG timing advance of 0ms is applied, and (MGL+1) subframes when MG timing advance of 0.5ms is applied.

NOTE 2:
NR SCS of 120 kHz is only applicable to the case with per-UE measurement gap.

NOTE 3:
Non-overlapped half-slots occur before and after the measurement gap. Whether a Rel-15 UE can receive and/or transmit in those half-slots is up to UE implementation.


Table 9.1.2-4: Total number of interrupted slots on all serving cells during MGL for Synchronous EN-DC, NR standalone operation (with single carrier, NR CA and synchronous NR-DC configuration) and NE-DC, and on all serving cells in MCG for NR standalone operation (with asynchronous NR-DC configuration) with per-UE measurement gap or per-FR measurement gap for FR1
NCSG specification should follow legacy gap, only specify 0ms and 0.5ms MGTA for interruption. We don’t see the need of specifying 0.25ms MGTA for NCSG when 0.25ms MGTA is not specified for legacy MG.

Observation 2: RAN4 specification 38.133 9.1.2 clause only specifies legacy MG interruption for MGTA=0ms and MGTA=0.5ms cases, not MGTA=0.25ms cases.

Proposal 5: Remove 0.25ms MGTA column from per-UE NCSG VIL table.

2.3   NCSG overlapping with SMTC and L1 measurement
Although UE has spared chains for L3 measurement, UE may not have two dedicated measurement processing resources for L1 and L3 running simultaneously when measured by separated RF chains since it is not required by legacy spec. Therefore, even if the RSs are not overlapping with VIL, UE may not have the ability to process the L1 measurement while performing L3 measurement when these operations are done on separated RF chains.
Observation 3: UE may not have two dedicated measurement processing resources for L1 and L3 running simultaneously when measured by separated RF chains.

Proposal 6: For L1 measurement in an FR1 serving cell, NCSG should be considered in P factor NCSG, including VILs and ML, are overlapped with any of the RS for L1 measurement.
We consider the following agreements are sufficient to specify CSSF:
The value of CSSF within NCSG is the number of all frequency layers that are assumed to be measured by NCSG
When UE indicates ‘no-gap-no-ncsg’ and NW configures NCSG and if RS occasion (e.g. SMTC) is not fully overlapped with NCSG, measurement is performed outside NCSG
When UE indicates ‘no-gap-no-ncsg’ and NW configures MG and if RS occasion (e.g. SMTC) is not fully overlapped with NCSG, measurement is performed outside MG
And these agreements align with R16 inter-f w/o gap measurement enhancement. Therefore, we propose:

Proposal 7: Count ‘no-gap-no-ncsg’ into CSSF calculation by following R16 inter-f w/o gap measurement enhancement as the agreements on different SMTC and MG/NCSG overlapping cases align for the two use cases. No additional agreement is needed beyond this one and the previous agreements for CSSF calculation.
2.4   NCSG use cases and concurrency
There are additional issues to be taken case of to define requirement for CSI-RS measurement with NCSG, e.g., wideband processing takes more time to prepare at least for baseband than SSB narrow band processing. Additional agreement on VIL is needed. Moreover, the RAN4 needs to revisit all the controversial issues in intra-frequency CSI-RS measurement requirement. Since the timeline is very tight for this release, we don’t believe that there is enough time to finalize the requirement for CSI-RS measurement by NCSG. 
Proposal 8: Do not consider CSI-RS measurement use cases in R17 NCSG.
RAN2 LS [2] lists the following questions:
Q: Whether to support simultaneous configurations on the following combinations?

1) NCSG FR1 gap + NCSG FR2 gap

2) Legacy FR1 gap + NCSG FR2 gap

3) Legacy FR2 gap + NCSG FR1 gap

4) One legacy perUE gap + one NCSG perUE gap

5) One legacy perUE gap + NCSG FR1 gap

6) One legacy perUE gap + NCSG FR2 gap

First, we believe anything related to concurrent gap should be discussed in the dedicated thread, and in NCSG thread the discussion is under the context of neighboring cell measurement within NCSG scope. 

In WF [3], RAN4 made the following agreements:

From requirement perspective, RAN4 will introduce NCSG based measurement requirements for the following cases:

· Network can configure per UE NCSG only when UE can measure all the frequency layers (except intra-frequency and inter-frequency w/o gap) by NCSG for a per-UE gap UE.

· Network can configure per FR NCSG only when UE can measure all the frequency layers (except intra-frequency and inter-frequency w/o gap) by NCSG in the FR for per-FR gap UE.

· Note: even UE reports it can measure all frequency layers with NCSG, NW may still configure legacy MG. For this case, legacy RRM requirement can apply.
Since network only configures per UE NCSG when UE can measure all the MOs except intra-f and inter-f w/o gap, configuring legacy gap when per UE NCSG is configured already is redundant. No additional MOs for the legacy gap to measure since NCSG already covers all MOs. Therefore, configuration (4) is not valid. 
For (5) and (6), UE needs to run per-UE legacy gap and per-FR NCSG gap simultaneously. While it is a possible reported UE capability, running per-UE and per-FR gaps simultaneously is too complicated and not feasible from UE perspective. Therefore, For case (5) and (6), network should configure only per UE gap to avoid complicated and infeasible UE implementation. Moreover, based on [2] reply LS to RAN2, simultaneous per-UE legacy and per-FR preconfigured gap are not supported without considering concurrent gaps, and this conclusion applies to (5) and (6).

For (2) and (3), they require UE to run NCSG and legacy gap simultaneously and this operation is also a complicated one. We don’t see too much throughput enhancement given the existence of legacy gap and it’s not worthwhile to significantly complicate the UE implementation to reach such a minor throughput gain. 
Observation 4: The supports for the following configurations for neighboring cell measurement is are infeasible, or not beneficial:
(a) One legacy perUE gap + one NCSG perUE gap (4): contradict to agreement from RAN4#101e WF[3] 

(b) One legacy perUE gap + NCSG FR1 gap (5), One legacy perUE gap + NCSG FR2 gap (6): infeasible to support running per-UE type of gap and per-FR type of gap simultaneously from UE implementation perspective, and RAN4 already agreed not to support such combination without concurrent gaps.
(c) Legacy FR1 gap + NCSG FR2 gap (2), Legacy FR2 gap + NCSG FR1 gap (3): complicated for UE implementation and offering minor throughput gain

Proposal 9: Reply the following to RAN2 questions on NCSG configuration combinations:
Considering only neighboring cell measurement as use cases, RAN4 finds the following configuration is feasible:

1)
NCSG FR1 gap + NCSG FR2 gap

But the following configuration inconsistent with RAN4 agreement:

4)
One legacy perUE gap + one NCSG perUE gap

And the following configurations infeasible or with significant complexity from UE implementation perspective and with limited system throughput gain:

2)
Legacy FR1 gap + NCSG FR2 gap

3)
Legacy FR2 gap + NCSG FR1 gap

5)
One legacy perUE gap + NCSG FR1 gap

6)
One legacy perUE gap + NCSG FR2 gap
Note that use cases besides neighboring cell measurement, e.g., positioning, are not covered in this response.
3   Conclusion
Proposal 1: Capture the scheduling restriction as the following text proposal:

When multiple MOs are configured, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the union of SSB symbols to be measured from all MOs, and on 1 data symbol before each consecutive SSB symbols to be measured in the union and 1 data symbol after each consecutive SSB symbols to be measured in the union within SMTC window duration. When the boundary of the union doesn’t align with the serving carrier slot/symbol boundary, the partial overlapping symbol is counted towards the overlapping to the union as a whole symbol.
Observation 1: Spare chain power consumption in NCSG is dominated by on/off and configuration, and shorter ML brings negligible power benefit.

Proposal 2: No additional mandatory NCSG patterns besides agreed GP 0, 1, 13 and 14.
Proposal 3: Add a new separated UE capability for per-UE or per-FR NCSG support signaling, and a separated set of NCSG pattern support capabilities. 

	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type


	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-Y
	Network controlled small gap (NCSG)
	Support of per-FR NCSG (independentGapConfig)


	
	yes
	no
	UE cannot signal  per-FR NCSG capability
	per-UE
	No
	No
	
	
	Optional with capability signalling



	X-Y+1
	Network controlled small gap (NCSG)
	Supported NCSG patterns
	
	yes
	no
	Network does not know whether some NCSG patterns can be configured to UE
	per-UE
	No
	No
	
	
	Optional with capability signalling

NCSG

patterns #0, #1, [x1, y1, …] are conditional mandatory if UE support X-1

	X-Y+2
	Network controlled small gap (NCSG)
	Supported NR-only NCSG patterns
	
	yes
	no
	Network does not know whether some NR-only NCSG patterns can be configured to UE
	per-UE
	No
	No
	
	
	Optional with capability signalling

NCSG

patterns #0, #1, [x2, y2, …] are conditional mandatory if UE support X-1


Proposal 4: The offset of NCSG refers to the starting point of VIL1.
Observation 2: RAN4 specification 38.133 9.1.2 clause only specifies legacy MG interruption for MGTA=0ms and MGTA=0.5ms cases, not MGTA=0.25ms cases.

Proposal 5: Remove 0.25ms MGTA column from per-UE NCSG VIL table.

Observation 3: UE may not have two dedicated measurement processing resources for L1 and L3 running simultaneously when measured by separated RF chains.

Proposal 6: For L1 measurement in an FR1 serving cell, NCSG should be considered in P factor NCSG, including VILs and ML, are overlapped with any of the RS for L1 measurement.
Proposal 7: Count ‘no-gap-no-ncsg’ into CSSF calculation by following R16 inter-f w/o gap measurement enhancement as the agreements on different SMTC and MG/NCSG overlapping cases align for the two use cases. No additional agreement is needed beyond this one and the previous agreements for CSSF calculation.
Proposal 8: Do not consider CSI-RS measurement use cases in R17 NCSG.
Observation 4: The supports for the following configurations for neighboring cell measurement is are infeasible, or not beneficial:

(a) One legacy perUE gap + one NCSG perUE gap (4): contradict to agreement from RAN4#100e WF[3] 

(b) One legacy perUE gap + NCSG FR1 gap (5), One legacy perUE gap + NCSG FR2 gap (6): infeasible to support running per-UE type of gap and per-FR type of gap simultaneously from UE implementation perspective, and RAN4 already agreed not to support such combination without concurrent gaps.
(c) Legacy FR1 gap + NCSG FR2 gap (2), Legacy FR2 gap + NCSG FR1 gap (3): complicated for UE implementation and offering minor throughput gain

Proposal 9: Reply the following to RAN2 questions on NCSG configuration combinations (captured in Appendix):

Considering only neighboring cell measurement as use cases, RAN4 finds the following configuration is feasible:

1)
NCSG FR1 gap + NCSG FR2 gap

But the following configuration inconsistent with RAN4 agreement:

4)
One legacy perUE gap + one NCSG perUE gap

And the following configurations infeasible or with significant complexity from UE implementation perspective and with limited system throughput gain:

2)
Legacy FR1 gap + NCSG FR2 gap

3)
Legacy FR2 gap + NCSG FR1 gap

5)
One legacy perUE gap + NCSG FR1 gap

6)
One legacy perUE gap + NCSG FR2 gap
Note that use cases besides neighboring cell measurement, e.g., positioning, are not covered in this response.
4   Reference

[1] R4-2202625
[2] R4-2202616

[3] R4-2120415
5   Appendix: LS Draft 

Title:
[DRAFT] Reply LS on R17 NR MG enhancements – NCSG
Response to:


Release:
Rel-17
Work Item:
NR_MG_enh
Source:
RAN WG4

To:
RAN WG2
Contact Person:

Name:
Chu-Hsiang Huang


E-mail Address:
chuhsian@qti.qualcomm.com
Attachments:


1. Overall Description:

RAN4 discussed the questions in the LS [1] and has the following answers from RAN4: 
	Q: Whether to support simultaneous configurations on the following combinations?

1) NCSG FR1 gap + NCSG FR2 gap

2) Legacy FR1 gap + NCSG FR2 gap

3) Legacy FR2 gap + NCSG FR1 gap

4) One legacy perUE gap + one NCSG perUE gap

5) One legacy perUE gap + NCSG FR1 gap

6) One legacy perUE gap + NCSG FR2 gap

Answer:

Considering only neighboring cell measurement as use cases, RAN4 finds the following configuration is feasible:

1)
NCSG FR1 gap + NCSG FR2 gap

But the following configuration inconsistent with RAN4 agreement:

4)
One legacy perUE gap + one NCSG perUE gap

And the following configurations infeasible or with significant complexity from UE implementation perspective and with limited system throughput gain:

2)
Legacy FR1 gap + NCSG FR2 gap

3)
Legacy FR2 gap + NCSG FR1 gap

5)
One legacy perUE gap + NCSG FR1 gap

6)
One legacy perUE gap + NCSG FR2 gap

Note that use cases besides neighboring cell measurement, e.g., positioning, are not covered in this response.


RAN4 kindly asks RAN2 to take the above information into account when implementing the signalling support of NCSG. 
2. To RAN WG2 group. 

ACTION: 
RAN4 kindly asks RAN2 to take the above information into account when implementing the signalling support of NCSG.
3. Date of Next TSG-RAN WG4 Meetings:

TSG RAN WG4 Meeting #103-e               TBD    Online 
4. Reference:
[1] R2-2201935

