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1 	Introduction
In the last meeting, the objective 3 of NR measurement gap enhancement WI has been discussed and a WF for the multiple concurrent measurement gap in Rel17 was also agreed [1]. 
In this contribution the following open issues will be further discussed.
· NCSG using scenarios
· NCSG patten
· How to configure NCSG pattern
· RRM requirements impacts
2 Scenarios and Use Cases
In [2], the following agreements on NCSG using scenarios was achieved.
	· Agreement:
· Confirm the agreements in RAN4#99e that NCSG can be used for:
· Measurement on de-activated SCell
· SSB based intra-frequency measurement with gap
· SSB based inter-frequency measurement with gap
· Inter-RAT E-UTRAN measurement
· It is FFS whether NCSG can be used for measurement on dormant SCell.
· It is FFS whether NCSG can be used for CSI-RS based inter-frequency measurement with gap.
· NCSG will not be used for 2G/3G measurements and PRS measurements.



For measurement on the dormant SCell and CSI-RS based inter-frequency measurement, in our view, it is feasible that NCSG can be used as it is a type of measurement gap in principle. That is NW will not schedule any data to UE during the measurement window (e.g., within ML for NCSG). And UE’s RF chain can switch to the measured frequency carrier to measure the corresponding signaling. The other UE behaviors (e.g., the beam detection) are also up to UE implementation itself. 
However, regarding to the legacy gap can serve the same purpose as NCSG. In other words, as we discussed before, there is not any advantages for NCSG based measurement for these two types of measurement. Especially for the measurement on the dormant cell, the more frequency switching of RF chain to be power on will lead more power consumption issues. Therefore, we suggested that:
Proposal 1: These two use cases of NR NCSG below can be deprioritized. 
· Measurement on dormant SCell.
· CSI-RS based inter-frequency measurement 
And in the last meeting the use cases for the different UE capability and network configuration were also agreed as:
	· Open issues:
· Option 1: RAN4 to define UE measurement requirements with different UE capabilities and NW configurations as in the following table:
	                 NW config
UE capability
	Case a: 
No MG nor NCSG
	Case b:
NCSG
	Case c: 
MG

	Case 1: gap
	No requirement
	No requirement
	Measurement within MG


	Case 2: no-gap-with-interruption
	No requirement
	Measurement within NCSG with only NCSG interruption allowed
	Measurement within MG with only legacy gap interruption allowed


	Case 3: no-gap-no-interruption
	Measurement without MG
	Measurement outside NCSG
	Measurement outside MG


· Option 2: other solutions are not precluded.




In our view, the open issue above is targeted to define the measurement requirements applicability in case of the different types of gap (e.g., legacy MG, NCSG, or per-FR gap) being configured. For NCSG itself, it is better to firstly clarify what the new UE capability to support NCSG pattern is needed. In principle, similarly as LTE NCSG, from RAN4 perspective the new UE capability to support more than one RF chain and not allowed any interruption out of VIL of NCSG shall be introduced in Rel17.
Observation 1: The new UE capability to support more than one RF chain and not allowed any interruption out of VIL of NCSG can be introduced in Rel17. 
If such capability is introduced, how to indicate the configured MGs can be easily distinguish in the configuration IEs e.g. 
	-- ASN1START
-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {
    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    ...,
    [[
    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M
    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M
    ]]

}

GapConfig ::=                       SEQUENCE {
   gapIndication-r17={mg, ncsg, non-gp-no-int}

    gapOffset                           INTEGER (0..159),
    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},
    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},
    ...,
    [[
    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                 OPTIONAL   -- Cond NEDCorNRDC
    ]],
    [[
    refFR2ServCellAsyncCA-r16           ServCellIndex                                                       OPTIONAL,   -- Cond AsyncCA
    mgl-r16                             ENUMERATED {ms10, ms20}                                             OPTIONAL    -- Cond PRS
    ]]
}

-- TAG-MEASGAPCONFIG-STOP
-- ASN1STOP




Observation 2: After the new UE capability for NCSG is defined, the requirements of measurements with gap for UE depending on its capability (e.g., legacy MG, NCSG) can be defined.
3 NCSG Pattern
As we agreed in the last meeting, the NCSG pattern design issues can be decoupled into the several problems below. 
3.1. General NCSG design principles
In the last meeting, whether the legacy gap patterns in Rel16 can be used for NCSG was extensively discussed. The main purpose of such reusage is to avoid the unnecessary specification works. 
	· Agreement:
· No need to introduce NCSG patterns corresponding to legacy MG patterns #24 and #25.
· It is FFS whether to introduce NCSG patterns with longer repetition periodicity (>160ms).
· Define NCSG patterns corresponding to legacy patterns #0~#23
· FFS how to indicate the support of NCSG patterns 
· A subset of mandatory NCSG patterns for UEs supporting NCSG will be defined. FFS on the set of mandatory NCSG patterns


Therefore, the following options will be further discussed below.
· FFS: Whether to introduce NCSG patterns with longer repetition periodicity (>160ms)
In our view, there is no benefit identified from the longer MGRP with NCSG. As a compromise the option to introduce longer NGRP in line with measCycleSCell in the next stage. For example, the rule can be introduced to let UE/NW prioritize longer rather than shorter periodicity under certain conditions which improves the throughput further.
Proposal 2: NCSG patterns with the longer MGRP can be deferred to the further release.
· FFS: A subset of mandatory NCSG patterns for UEs supporting 
As the usage of NCSG is mainly for SCC measurement, regarding to the general EN-DC or NE DC case, the inter-RAT measurement on LTE shall be mandatory. 
Proposal 3: The set of mandatory NCSG patterns can be :
	Gap Pattern Id
	Measurement Gap Length (ML, ms) + 2* VIL
	Measurement Gap Repetition Period
(VIRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80




3.2. Separated NSCG pattern for sync and async scenario
	Issue 2-2: whether to define separate NCSG patterns for sync and async
· Open issues:
· Option 1: yes
· Option 2: no
· Option 3: different patterns in FR1 but same patterns in FR2
· Option 4: FFS



In our view, for async case even the RTT time is same as that of part of sync case the left effective measurement window may be longer than that of sync. That is it is more efficient to distinct these two at least in FR1 the difference of the effective measurement window is large enough.
Observation 3: Different NCSG patterns are needed for synchronous and asynchronous operations at least in FR1

3.3. Visible Interruption Length (VIL)
Regarding introduction of NCSG, another critical issue is the feasible NCSG patterns definition including Visible Interruption Length (VIL) , Measurement Length (ML), and Visible Interruption Repetition Period (VIRP) as defined in LTE [3, TS36.133].
	Issue 3-1: whether to replace VIL (visible interruption length) with RRT (RF retuning time)
· Open issues:
· Option 1: Yes. Introduce absolute RRT to replace VIL.
· Option 2: VIL and RRT can be defined separately.
· Option 3: only capture VIL in RAN4 spec. RRT can be used to calculate ML in discussion. But no need to capture RRT in RAN4 spec.




In principle, how to decide VIL depends on the feasible RF retuning time which could introduce the unexpected interruption to the serving carriers/cells. As in NR Rel15, the assumption on the duration of RF retuning in LTE/NR PCell/PSCell can be less than 500us and 250us for FR1 and FR2 respectively. In our view, in Rel17 the same assumption can be reused. That is, Option 3 is more reasonable as the interruption need consider more other parameters beside RF returning time (e.g., MGTA). And regarding to VIL defined with slot need the specific NCSG pattern definition depending on the numerology, we prefer Option 3.
In addition to the interruption in case of both synchronous and asynchronous DC are different in MR DC. Therefore, we can propose that:
Proposal 4: VIL in NR NCSG for the different FR can be defined as:

	
	VIL in Sync (ms)
	VIL in Async(ms)

	FR1
	1
	2

	FR2
	0.75



3.4. Measurement Length (ML)
In the last meeting, the following agreement was achieved. 
	Issue 3-3: relation between ML, MGL and RRT
· Open issues:
· Option 1: ML = MGL – 2*RRT
· Option 1a: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL
· Option 1b: ML = MGL – 2*RRT and ML + VIL1 + VIL2 > MGL, if VIL is defined as the number of interrupted slots
· Option 1c: ML = MGL - RRT1 - RRT2
· Option 2: ML + VIL1 + VIL2 = MGL
· Option 2a: ML = MGL – VIL1 – VIL2, if VIL is defined as the absolute time 
· Option 3:
· Step 1: Define MLNCSG from legacy gap patterns by MLNCSG = MGLlegacy – 2*RRTlegacy, e.g.,
· Gap patterns 0-11: MLNCSG = MGLlegacy – 1 (ms)
· Gap patterns 12-23: MLNCSG = MGLlegacy – 0.5 (ms)
· Step 2: Define RRTNCSG before and after MLNCSG in FR1 and FR2 
· Handled by Issue 3-5, e.g., same or longer than RRTlegacy.
· Step 3: Define MGLNCSG as MLNCSG + 2* RRTNCSG.
· Step 4: Define VIL
· Handled by Issue 3-4



Since the parameters for NCSG pattern include “VIL, ML, VIRP” instead of “MGL, MGRP” of legacy MG, how the legacy pattern can be reused shall be clarified. For an example, it is clear that the MGRP of legacy MG shall be reused as VIRP of NCSG. But for the measurement length (ML) there were still diverse views below. 
· Option1-1: ML=MGL-VIL1-VIL2
· Option1-2: ML=legacy MG window length
And regarding to agreements in R4#98b-e below, the MGL of legacy MG is reused as ML+VIL1+VIL2 of NCSG 
	· ML: If legacy gap pattern can be reused for NCSG, we can assume that MGL= VIL1+ML+VIL2 



Proposal 5: For the NCSG pattern which reused from the legacy MG pattern, the dependency of the MG parameters can be:
· VIRP = MRGP
· ML+VIL1+VIL2=MGL
Technically speaking if following Option 1a/1b. The total gap length of NCSG can be larger than that of legacy of MG. At a same time, the periodicity of them are same. Thus, the overhead of NCSG is a little bit higher than that of legacy MG, which is not preferable by the network from overhead perspective.
On the other hand, if the ML + VIL1+VIL2 is equal to the legacy MGL, some restriction on the legacy MG patterns shall be considered. For example, if the effective MG window is less than the possible SMTC. 
That is measurement length is highly dependent on measurement object configuration. For an example, for SSB measurement gap, ML is up to SMTC configuration. Hence ML defined in NR legacy gap patterns [2, TS38.133] can be feasible.
3.5. Visible Interruption Repetition Period (VIRP)
VIRP can rely on the SCell measurement cycle configure for SCell. And regarding to such NCSG will be applicable for all SCell carriers, if there are multiple deactivated SCells to be measured, more than one NCSG are needed. That is the VIRP can be less than measCycleSCell. Meanwhile, it is better to align these SMTC window for multiple SCells. 
On the other hand, from the technical perspective, some of these legacy patterns are infeasible, which are also highlighted in the table above. For an example, the gap patterns which have the quite shorter MGRP/VIRP (e.g. 20ms), in case of SCell measurement with “measCycleSCell” which shall be larger than 160 slots [4], it seems no necessary to configure the such NCSG for the measurement on the deactivated SCells. 
	MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    ……
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[
    smtc3list-r16                     SSB-MTC3List-r16                                                  OPTIONAL,   -- Need R
    rmtc-Config-r16                     SetupRelease {RMTC-Config-r16}                                  OPTIONAL,   -- Need M
    t312-r16                            SetupRelease { T312-r16 }                                       OPTIONAL    -- Need M
    ]]
}




Observation 4: When NCSG is used for the measurement on the deactivated SCells, the patterns with short VIRP shall be avoided.

4 RRM Requirements Impacts
From the interruption requirements due to measurement gap operation defined in 8.2. of TS38.133, it is common understanding that the new interruption due to NCSG shall be defined. And we can also to agree to identify the potential requirements impact in high level firstly. The detailed requirements can be FFS after the gap pattern design is settle down.
Proposal 6: The interruption requirements during measurements on SCC defined in TS38.133 and TS36.133 shall be revisited because of NCSG is used. 
On the other hand, whether the VIL is identical with the interrupted slots of serving cells [Table 9.1.2-4 and 9.1.2.-5] in TS38.133 can be FFS up to the basic NCSG pattern design finalized. 
Proposal 7: the interrupted slots of serving cells (Table 9.1.2-4 and 9.1.2.-5 in TS38.133) can be FFS up to the basic NCSG pattern design finalized. 
5 Signaling
In the last meeting, how to indicate NCSG was agreed as:
	Issue 4-2: how to indicate the support of NCSG pattern
· Open issues:
· Option 1: introduce new signalling (separately from NeedForGap) to indicate support of NCSG.
· Option 2: introduce new element in NeedForGap to indicate support of NCSG.
· Option 3: introduce new signalling (separately from NeedForGap) to indicate support of following cases
· Case 1: gap 
· Case 2: no-gap-with-interruption (or NCSG)
· Case 3: no-gap-no-interruption
· Option 4: up to RAN2.



As stated in [1], UE measurement via the NCSG required RAN2 to design the necessary signaling support. Regarding to in Rel16 “Needforgap” singaling was introduced [4]. In our view, this signaling can indicate the gap for each band/carrier. The similar signaling of needForGap can be applicable for NR NCSG also.  
For an example, with the framework of “needForGap” in Rel16 below, the aspects of NCSG (denoted by “no-gap-with-interruption”) can be introduced for NR NCSG.
	NeedForGapsInfoNR-r16 ::=        SEQUENCE {
    intraFreq-needForGap-r16      NeedForGapsIntraFreqlist-r16,
interFreq-needForGap-r16      NeedForGapsBandlistNR-r16
needForGapwithInterrutipn-r17  needForGapwithInterrutipn-r17  

}

NeedForGapsIntraFreqlist-r16 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForGapsIntraFreq-r16

NeedForGapsBandlistNR-r16 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR-r16

NeedForGapsIntraFreq-r16  ::=                 SEQUENCE {
    servCellId-r16                               ServCellIndex,
    gapIndicationIntra-r16                       ENUMERATED {gap, no-gap}
}

NeedForGapsNR-r16  ::=                        SEQUENCE {
    bandNR-r16                                   FreqBandIndicatorNR,
    gapIndication-r16                            ENUMERATED {gap, no-gap}
}

needForGapwithInterrutipn-r17 :: =
{
bandNR-r16/carrierIndex
gapIndication-r16                            ENUMERATED {gap, no-gap, no-gap-with-interruption }
}




Proposal 8: The “NeedForGap” signaling framework can be reused for NR NCSG as a start point.
6 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI are discussed. The proposals can be drawn as: 
Proposal 1: These two use cases of NR NCSG below can be deprioritized. 
· Measurement on dormant SCell.
· CSI-RS based inter-frequency measurement 
Observation 1: The new UE capability to support more than one RF chain and not allowed any interruption out of VIL of NCSG can be introduced in Rel17.
Observation 2: After the new UE capability for NCSG is defined, the requirements of measurements with gap for UE depending on its capability (e.g. legacy MG, NCSG) can be defined.
Proposal 2: NCSG patterns with the longer MGRP can be deferred to the further release.
Proposal 3: The set of mandatory NCSG patterns can be :
	Gap Pattern Id
	Measurement Gap Length (ML, ms) + 2* VIL
	Measurement Gap Repetition Period
(VIRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80



Observation 3: Different NCSG patterns are needed for synchronous and asynchronous operations at least in FR1
Proposal 4: VIL in NR NCSG for the different FR can be defined as:

	
	VIL in Sync (ms)
	VIL in Async(ms)

	FR1
	1
	2

	FR2
	0.75


Proposal 5: For the NCSG pattern which reused from the legacy MG pattern, the dependency of the MG parameters can be:
· VIRP = MRGP
· ML+VIL1+VIL2=MGL
Observation 4: When NCSG is used for the measurement on the deactivated SCells, the patterns with short VIRP shall be avoided.
Proposal 6: The interruption requirements during measurements on SCC defined in TS38.133 and TS36.133 shall be revisited because of NCSG is used
Proposal 7: The interrupted slots of serving cells (Table 9.1.2-4 and 9.1.2.-5 in TS38.133) can be FFS up to the basic NCSG pattern design finalized. 
Proposal 8: The “NeedForGap” signaling framework can be reused for NR NCSG as a start point.
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