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1. Introduction
In RAN4 RRM, three topics, i.e., per-BC indication of per-FR measurement, needforgap and non-co-located deployment for FR1 intra-band NR-CA/EN-DC, were discussed in NR R16 maintenance agenda. However there are no consensus on how and where to handle these topics. This contribution provides corresponding analysis and suggestions about these issues.
2. Discussion
· Support per-BC indication of per-FR measurement gap
Whether to have the per-BC indication of the per-FR measurement gap has been extensively discussed in previous RAN4 meetings. The feature is about whether UE can support two independent measurement gaps for FR1 and FR2 as specified in TS 38.133. However, in TS 38.133, the per-FR measurement gap also works as conditions for other RRM requirements. For instance, the interruption may only apply to the same frequency range when UE is capable of the per-FR measurement gap or some requirements only apply to UE which supports this per-FR measurement gap. It is identified in Rel-16 stage that this feature is overloaded by numerous other RRM requirements which is independent of measurement procedure [1]. At the same time, with more and more high order FR1+FR2 band combinations, the processing complexity may make it harder to implement this feature as it is not purely depending on RF architecture [2]. In other word, if UE have problem to support this per-FR measurement gap only in certain complicated FR1 + FR2 band combinations, then UE cannot advertise this feature at all as it is currently reported on per-UE basis. 
The constraints have been elaborated in the previous RAN4 meetings, and one possible solution with minimum specification impact was proposed to have an additional per-BC indication of this feature [1]. UE could only indicate support of the original per-UE indication when it can support the feature under all band combinations; otherwise, UE could only indicate not support of the original per-UE indication and further reports whether this per-FR measurement gap could be supported under each band combination. Hence, the concern of compatibility issue is also eliminated during the discussion. 
RAN4 has also discussed whether there will be impact on the existing RRM requirements to have this new per-BC indication, since quite a few requirements are related to this feature. As discussed in the last RAN4 meeting, the functionality of this per-FR measurement gap is unchanged but only to have finer capability indication, and some necessary text changes were also proposed in a case by case manner. However, as the issues are identified in late stage in Rel-16, companies have concerns on completing the work in Rel-16 but open to discuss it in Rel-17. Considering that the framework and potential impact of having the per-BC indication haven been extensively discussed in the past RAN4 meetings, the workload could be well controlled for Rel-17 discussion.
· Define RRM requirements for Needforgap
In R16 RAN2 introduce NeedForGapsInfoNR capability for NR measurement in [4]. “no gap” via needforgap can bring considerable benefits for both UE side and network side. It is an appealing feature in R16. 
	NeedForGapsInfoNR information element
-- ASN1START
-- TAG-NeedForGapsInfoNR-START

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}
}

-- TAG-NeedForGapsInfoNR-STOP
-- ASN1STOP
 


In fact, there are no sufficient analysis and discussion on the “no gap” capability in RAN4. Moreover the requirements of needforgaps are not completed. intraFreq-needForGap is captured in clause 9.2.1, however no interFreq-needForGap-r16 is embodied in current specification so far.
	The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the UE indicates ‘no-gap’ via intraFreq-needForGap for intra-frequency measurement, or
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP[3].
For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in clause 9.2.5.3.



The possible RRM impacts due to needforgap have been elaborated in the previous RAN4 meetings. Due to some limitation of UE implementation, interruptions may exist in intra-frequency or inter-frequency “no gap” measurements. CSSF may also need minor changes when introducing measurements with ‘no gap’ in ‘NeedForGap’ reporting. Other aspects, e.g., measurement period and scheduling restriction, are not in-depth discussed in RAN4 due to lack of time. However we think the workload of these parts could be under control and would not bring big burden.
As the issue was identified in late stage in Rel-16, there is no consensus to do the work in Rel-16 TEI in last RAN4 meeting.
· Support of non-co-located deployment for FR1 intra-band NR-CA/EN-DC
At the beginning stage of Rel-15, RAN4 agreed the assumption of co-located deployment for FR1 intra-band NR-CA/EN-DC. In Rel-15, the RRM requirements for FR1 intra-band EN-DC/NR-CA are applied only for co-located deployment.
In Rel-15, only the band combinations for intra-band contiguous CA are introduced for NR intra-band CA configurations. For intra-band contiguous CA, the typical scenarios are co-located deployment. So, it is reasonable to agree that FR1 intra-band CA operation is only applied for co-located deployment. However, as more band combinations are introduced in Rel-16, more complicated network deployment and UE implementation feasibility need to be considered for FR1 intra-band NR-CA/EN-DC. In Rel-16, the configurations of intra-band non-contiguous CA operating are introduced on bands n77 and n78 in Rel-16. Band n77 is defined as from 3.3GHz to 4.2GHz with a span of 900MHz. Band n78 is defined as from 3.3GHz to 3.8GHz with a span of 500MHz. If the network wants to configure two non-contiguous n77 carriers on 3.3GHz and 4.2GHz separately, or to configure two non-contiguous n78 carriers on 3.3GHz and 3.8GHz separately for CA operation, then the possible deployment is heterogeneous deployments due to different coverage on the two carriers. The assumption of co-located deployment for FR1 intra-band non-contiguous CA will seriously limit the availability of the service and where it can be provided. Four operators also had shown their concerns that co-located scenario is not always available and hope to introduce non-co-located scenario for FR1 intra-band non-contiguous NR-CA/EN-DC. Hence, non-co-located deployments can be considered for FR1 intra-band non-contiguous NR-CA/EN-DC.
In RAN4, the related UE requirements for supporting FR1 intra-band non-contiguous NR-CA/EN-DC in non-co-located deployment have been discussed in Rel-16 TEI, and RAN4 has identified the potential scope of supporting FR1 intra-band non-contiguous NR-CA/EN-DC in non-co-located deployment, which has been captured in way forward [5] and is agreeable to RAN4. There is no consensus to do the work in Rel-16 TEI due to late stage of Rel-16. It is recommended to further discuss on whether and how to handle this in the plenary.
· How to handle
As above presented, the three topics are raised in R16. To enable UEs benefit from these features from R16, a release independent manner is suggested. As there may no efficient time budget in R16, we suggest these features are to be discussed in R17 TEI. 
Proposal 1: RAN4 RRM to develop requirements for the following features in R17 TEI and release independent from R16:
· per-BC indication of per-FR measurement,
· needforgap, 
· non-co-located deployment for FR1 intra-band NR-CA/EN-DC
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