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1 Introduction
In the R17 MG enhancement WI, RAN4 has discussed NCSG and has achieved some agreements [1].
The discussion is to be continued in RAN4. Some open issues have been identified and have impact on RAN2 [1]. The following issue on the signalling details of NCSG is more of a RAN2 problem:
	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.


In this contribution, we discuss the signalling to indicate the support of NCSG from RAN2 perspective.
2 Discussion
In Rel-15 and Rel-16, when measurement gaps are configured, no UL or DL transmissions are expected to be scheduled during the gap, i.e., data transmission on the serving cell is interrupted during the whole time of MG length, as shown in Figure 1(a).

In LTE Rel-14, NCSG was introduced. If some UE (especially CA capable UEs) has a free RF chain to measure the neighbour cells, or the serving RF chain can be re-tuned to cover the carrier of neighbour cells as well, data transmission from the serving cell can be continued, but the adjustment of the RF chain may still cause interruption at the beginning and the end of the measurement time. As shown in Figure 1(b), with NCSG, the interruption only takes place during VIL1 and VIL2 instead of the whole MG length.
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Figure 1: Illustration of MG and NCSG

In LTE, since NCSG is based on additional UE RF resources, UE needs to report its RF capability to help the NW configure MG. In PerCC-GapIndicationList-r14, UE reports whether it needs MG, NCSG or no-MG-no-NCSG.

PerCC-GapIndicationList-r14 ::=
SEQUENCE (SIZE (1..maxServCell-r13)) OF PerCC-GapIndication-r14
PerCC-GapIndication-r14 ::=


SEQUENCE {


servCellId-r14







ServCellIndex-r13,




gapIndication-r14






ENUMERATED {gap, ncsg, nogap-noNcsg}

}

In NR Rel-16, RAN2 has introduced the NeedForGap reporting with two options: gap or no-gap.
NeedForGapsInfoNR-r16 ::=        SEQUENCE {

    intraFreq-needForGap-r16      NeedForGapsIntraFreqlist-r16,

    interFreq-needForGap-r16      NeedForGapsBandlistNR-r16

}

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}

}

RAN4 listed four options on how to indicate the support of NCSG:
·    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.
Option 2 is not feasible from RAN2 perspective since there is no spare bit in the current NeedForGap signalling.

Even though both Option 1 and Option 3 prefer a new signalling separate from Rel-16 NeedForGap, there are some differences between the two options. Option 1 considers two cases, i.e., NCSG and No-NCSG, whereas Option 3 considers three cases as listed above. In Option 3, Case 1 and Case 3 correspond to the existing “gap” and “no-gap” in NeedForGap respectively, and Case 2 is a new state (NCSG) which shows a UE capability that is stronger than “gap” but weaker than “no-gap”.

If Option 1 is employed, RAN2 needs to define the relationship between the reported “NCSG/ no-NCSG” and the Rel-16 “gap/ no-gap”. For instance, if the UE reports NCSG, does the UE have to report “gap” in the Rel-16 signalling, or does the UE have to report “no-gap” in the Rel-16 signalling? There has been discussion in TEI16 in RAN4 on whether “no-gap” in Rel-16 NeedForGap signalling allows for interruption or not, but no conclusion was reached. In RAN#92-e, it was concluded that requirements for NeedForGap will not be defined in Rel-17.
Based on the above, the preferred solution is to define a new set of framework for the NW to inquire and for the UE to report the measurement capability. Option 3 lists the exhaustive gap preferences for the UE to report and will not impact the Rel-16 NeedForGap feature. If a Rel-17 UE supports NCSG capability reporting, it does not need to report the Rel-16 NeedForGap.
Proposal 1: 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

On the other hand, similar to the NeedForGapsConfigNR-r16, the network should be able to control whether the gap capability reporting is switched on/off.
Proposal 2: The network is able to control whether the NCSG is reported or not, e.g. add a signalling similar to NeedForGapsConfigNR-r16.
In Rel-16, NeedForGap signalling is restricted to NR SA due to lack of time. Involving DC scenarios will lead to some inter-node coordination between MN and SN since the UE capability can be affected by the SCell addition/removal of both MN and SN. However, applying the gap capability reporting to DC scenarios is beneficial since unnecessary gap configuration will lead to data interruption and decrease the overall system performance.

Since RAN4 will continue to discuss whether the NCSG will be supported in NE-DC and NR-DC [1], RAN2 can wait for the progress from RAN4 and then discuss the corresponding signalling (e.g. inter-node messages) if needed.

	Issue 1-5: Other applicability issues

· Agreement:

·    RAN4 to clarify whether to allow NCSG to be supported with NRDC and NEDC as well.


Proposal 3: Whether to introducing signaling in MR-DC (e.g. inter-node messages) is pending RAN4’s further progress.

3 Conclusion

In this contribution, we discussed the configuration of NCSG and propose the follwing:

Proposal 1: 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

Proposal 2: The network is able to control whether the NCSG is reported or not, e.g. add a signalling similar to NeedForGapsConfigNR-r16.
Proposal 3: Whether to introducing signaling in MR-DC (e.g. inter-node messages) is pending RAN4’s further progress.
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