[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108 	R4-2312945
Toulouse, France, August 21-25, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on reply LS on Rel 16 no-gap reporting 
Agenda item:	8.9.1
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
This paper discusses impact of NR_MG_enh2 over issues that would have impact over Rel 16 network devices. 
[bookmark: _Toc116995842]Discussion
InterRAT measurements without gaps
During RAN2 #122, RAN2 has endorsed CRs implementing related signaling for needForGaps and in LTE inter-RAT measurement to NR where need for interruptions may also be indicated by the UE. As part of this discussion, RAN2 has came up with questions about the UE behavior expected from Rel-16 signaling which are reported in [1]:
	1. Overall Description
RAN2 has discussed the corresponding CR for the RAN4 LS on measurements without gap [1]. However, RAN2 would like to get clarification on the meaning of the legacy Rel-16 “no gap” indication. Rel-18 has defined new code points where UE may support no gap with interruption or no gap without interruption, but it is not clear how these are related to the legacy behaviour. Therefore, RAN2 would like to ask RAN4 whether interruption is allowed according to Rel-16 RAN4 specifications when UE reports “no gap” in Rel-16 field for LTE inter-RAT measurement to NR? 

2. Actions:
ACTION: 	RAN2 respectfully asks RAN4 to comment on RAN2 question above.




RAN2 has defined in response to RAN4 LS a UE capability for a UE in LTE to indicate if it supports no-gap with or without interruption. The new UE capability introduced in 36.306 is interRAT-NeedForIntrNR-r18 and it supports indication of ‘gap’, ‘no-gap-with-interruption’, or ‘no-gap-no-interruption’ as described I the CR R2-2306803
	4.3.6.xx	interRAT-NeedForIntrNR-r18
This field defines for each supported E-UTRA band or band combination whether measurement gap or interruption is required to perform SSB based inter-RAT measurements on each supported NR band. Value gap indicates that measurement gap is needed, value no-gap-with-interruption indicates measurement gap is not needed but interruption is needed, and value no-gap-no-interruption indicates neither measurement gap nor interruption is needed.




From the RAN2 LS it is unclear whether “no gap” capability in Rel 16 for LTE inter-RAT measurement to NR includes interruption or not. In order to analyze that aspect, we provide some background on existing specification text on 36.133 that includes the following text on chapter 8 “UE measurements procedures in RRC_connected State”: 
	Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable according to the capability interFreqNeedForGaps or interRATNeedForGaps of conducting such measurements without gaps and without interruption. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 and table 8.1.2.1.-2 that are relevant to its measurement capabilities. UEs supporting network controlled small gap and which have signaled that they are capable of measurements without gap but requiring NCSG, can be configured with a network controlled small gap pattern in table 8.1.2.1.3-1 on all component carrier(s) to perform inter-frequency and inter-RAT measurement.




From the specification text, it is clear that in Rel 14 interRATNeedForGaps UE capability did not allow interruptions, and the same holds for interFreNeedForGaps in LTE since the text specifically states that the UE reports the capability of conducting measurement without gaps and without interruptions. 
[bookmark: _Toc142684351]LTE interFreqNeedForGaps or interRATNeedForGaps do not allow interruptions in 36.133. 
[bookmark: _Toc142684352]Up to Rel 17, there were only 3 possibilities of measurement types, with gaps, with NCSG and without gaps, where interruptions are allowed only for NCSG. 
For NR measurements, a new UE capability was introduced in interRAT-NeedForGapsNR-r16 without requirements in RAN4 specificed in the same release. From the background of the discussion during Rel 16, there was never a discussion on the need for interruption for measurements without gaps. 
[bookmark: _Toc142684353]During Rel 16 discussion it was never identified the need for interruption for gapless measurements. 
From the base station perspective, the interruptions need to be considered as part of network KPIs. The network is aware of the interruption ratio and uses this information when monitoring UE link quality. With that in there might be LTE base stations supporting Rel 16 might not expect interruptions and would UEs needing interruption would not work with those Rel 16 LTE base stations.  
[bookmark: _Toc142684354]If interruptions are allowed for UE supporting no-gap in interRAT-NeedForGapsNR-r16 the interruption will impact Rel-16 LTE base stations in the field. 
[bookmark: _Toc142684355]Clarify that the LTE UE capability interRAT-NeedForGapsNR-r16 do not allow for interruptions in Rel 16. 
[bookmark: _Toc142684356]Define mapping between UE capability in 38.306 interRAT-NeedForGapsNR-r16 and interRAT-NeedForIntrNR-r18. 
a. [bookmark: _Toc142684357]A UE supporting interRAT-NeedForIntrNR-r18 = gap shall support interRAT-NeedForGapsNR-r16=gap. 
b. [bookmark: _Toc142684358]A UE supporting interRAT-NeedForIntrNR-r18 = no-gap-no-interruption shall support interRAT-NeedForGapsNR-r16=no-gap.
c. [bookmark: _Toc142684359]A UE supporting interRAT-NeedForIntrNR-r18 = no-gap-with-interruption shall support interRAT-NeedForGapsNR-r16=gap.

NR measurements without gaps
Similarly to the discussion on LTE inter RAT measurements, there is a discussion whether Rel 16 no-gaps allowed for interruption. Bellow we have the agreement from RAN4 #108 [2] regarding impacts on legacy UE behavior: 

	Issue 1-3-1a: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
· Way forward
· Option 1: Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption)
· Option 2: No need to establish the mapping between UE’s indication for NeedForGaps and NCSG
Option 3: RAN4 to postpone the 1-to-1 mapping between NeedForGaps and NCSG capabilities until RAN4 has a clear understanding on NeedForGaps requirement

Issue 1-3-3: Impacts on the legacy UE behavior
· Way forward
· FFS on when RAN2’s signalling design is stable 
· For the legacy UEs, whether RAN4  needs to further clarify the meaning of value ‘no-gap’ in Rel-16 NeedForGap signalling.




The following was used to discuss UE behaviour in RAN4 #106-bis [3]:
	Issue 1-3-3: Impacts on the legacy UE behavior 
< Way forward >: 
· FFS on when RAN2’s signalling design is stable 
· For the legacy UEs, whether RAN4  needs to further clarify the meaning of value ‘no-gap’ in Rel-16 NeedForGap signalling.




Additionally, the following agreement was met in RAN4#106 [4]:
	
Issue 1-3-3: Impacts on the legacy UE behavior 
< Agreement >: 
· Proposal 1: Intel, Nokia, ZTE, CATT
· Legacy behavior of existing indication in needForGaps and needForGapsNCSG shall not be changed in Rel 18 NR_MG_enh2




[image: ]
Figure 1 New signaling introduced by RAN2 for indication of need for interruption
In the new RAN2 signaling design, a new IE is included for the network to configure NeedForInterruptionConfigNR-r18, to which the UE replies with NeedForInterruptionInfoNR-r18. The RAN2 design includes a single flag for determining whether interruption is needed by the UE when performing the gapless measurements. which is complemented associated with the entry in list interFreq-needForGap-r16. 
	–	NeedForInterruptionInfoNR
The IE NeedForInterruptionInfoNR indicates whether interruption is needed for the UE to perform SSB based measurements on an NR target band without measurement gap while NR-DC or NE-DC is not configured.
NeedForInterruptionInfoNR information element
-- ASN1START
-- TAG-NeedForInterruptionInfoNR-START

NeedForInterruptionInfoNR-r18 ::=    SEQUENCE {
    intraFreq-needForInterruption-r18      NeedForInterruptionIntraFreqList-r18,
    interFreq-needForInterruption-r18      NeedForInterruptionBandListNR-r18
}

NeedForInterruptionIntraFreqList-r18 ::=          SEQUENCE (SIZE (1.. maxNrofServingCells)) OF NeedForInterruptionNR-r18

NeedForInterruptionBandListNR-r18 ::=             SEQUENCE (SIZE (1..maxBands)) OF NeedForInterruptionNR-r18


NeedForInterruptionNR-r18  ::=       SEQUENCE {
[bookmark: _Hlk134563761]    interruptionIndication-r18                       ENUMERATED {no-gap-with-interruption, no-gap-no-interruption}                     OPTIONAL
}

-- TAG-NeedForInterruptionInfoNR-STOP
-- ASN1STOP

	NeedForInterruptionInfoNR field descriptions

	intraFreq-needForInterruption
Indicates the interruption requirement information for NR intra-frequency measurement. Each entry in the list is associated to the entry in list intraFreq-needForGap-r16 with the same index.

	interFreq-needForInterruption
Indicates the interruption requirement information for NR inter-frequency measurement. Each entry in the list is associated to the entry in list interFreq-needForGap-r16 with the same index.



	NeedForInterruptionNR field descriptions

	interruptionIndication
Indicates whether interruption is needed for the UE to perform SSB based measurements without measurement gap. Value no-gap-with-interruption indicates that interruption is needed. Value no-gap-no-interruption indicates interruption is not needed. 






The behaviour of RAN2 design is however still not clear in the case that NeedForInterruptionConfigNR-r18 is not enabled. When UE behavior is considered, some important aspects have to be considered concerning legacy networks. In the case the UE signals NeedForGapsInfoNR-r16 and NeedForGapNCSG-InfoNR-r17 there is already an expected behavior considered by the network. In that case, if no-gap is signaled, it is clear that no additional interruptions are expected. Therefore, it is important that whatever new RRM enhancement is developed the legacy behavior should remain unchanged. 
The Rel 16 requirements for measurements without gaps were discussed as part of RRM enhancements, mostly between meetings RAN4 #92bis and RAN4 #96. During all those meetings there has been no proposal in any of the contributed discussion papers related to the need of interruption in gapless measurements. From that lack of discussion, the obvious conclusion is that the same as for LTE gapless measurements apply and no interruptions are expected. In LTE the UE capabilities interFreqNeedForGaps or interRATNeedForGaps are used for the UE to indicate support of gapless measurements. As shown in the discussion about InterRAT meamsurements above, the LTE requirements are very clear that interruptions are not allowed for gapless measurements performed in those cases. 
[bookmark: _Toc142684360]The need for interruptions was never discussed during Rel-16 RRM enhancements for inter-frequency gapless measurements. 
[bookmark: _Toc142684361]LTE requirements for UEs indicating capability of interFreqNeedForGaps or interRATNeedForGaps do not allow for interruptions. 
[bookmark: _Toc118120837][bookmark: _Toc118122542][bookmark: _Toc118122615][bookmark: _Toc118614876][bookmark: _Toc118644727][bookmark: _Toc118748528][bookmark: _Toc127555240][bookmark: _Toc131685059][bookmark: _Toc135079739][bookmark: _Toc142684362]If a UE signals no-gap as part of needForGaps or needForGapNCSG no interruption is expected by Rel-15 to Rel-17 gNBs.
Additionally, as for the LTE interRAT case, the performance of Rel 16 networks will be impacted if interruptions start to be allowed for UEs reporting no-gap in NeedForGapsInfoNR-r16 or NeedForGapNCSG-InfoNR-r17. The information about interruption ratio is used by networks for adjusting its KPIs and will impact decisions when managing the UE for performance optimization. 
[bookmark: _Toc142684363]Performance degradation in Rel 16/17 gNBs is expected if UE reporting no-gap in NeedForGapsInfoNR-r16 causes interruption. 
[bookmark: _Toc127555243][bookmark: _Toc131685060][bookmark: _Toc135079740][bookmark: _Toc142684364]Indication of “no-gap” as part of NeedForGapsInfoNR-r16 and NeedForGapNCSG-InfoNR-r17 means no-gap without interruption when the UE is not reporting needForInterruptionInfoNR-18. 
[bookmark: _Toc116995848]Conclusion
This paper includes discussion regarding Rel16 impact of some signaling options that have been discussed in NR_MG_enh2. Among the conclusions drawn in this paper, we can highlight the following observations and proposals: 
[bookmark: _Toc116995849]Observation 1: LTE interFreqNeedForGaps or interRATNeedForGaps do not allow interruptions in 36.133.
Observation 2: Up to Rel 17, there were only 3 possibilities of measurement types, with gaps, with NCSG and without gaps, where interruptions are allowed only for NCSG.
Observation 3: During Rel 16 discussion it was never identified the need for interruption for gapless measurements.
Observation 4: If interruptions are allowed for UE supporting no-gap in interRAT-NeedForGapsNR-r16 the interruption will impact Rel-16 LTE base stations in the field.
Proposal 1: Clarify that the LTE UE capability interRAT-NeedForGapsNR-r16 do not allow for interruptions in Rel 16.
Proposal 2: Define mapping between UE capability in 38.306 interRAT-NeedForGapsNR-r16 and interRAT-NeedForIntrNR-r18.
a.	A UE supporting interRAT-NeedForIntrNR-r18 = gap shall support interRAT-NeedForGapsNR-r16=gap.
b.	A UE supporting interRAT-NeedForIntrNR-r18 = no-gap-no-interruption shall support interRAT-NeedForGapsNR-r16=no-gap.
c.	A UE supporting interRAT-NeedForIntrNR-r18 = no-gap-with-interruption shall support interRAT-NeedForGapsNR-r16=gap.
Observation 5: The need for interruptions was never discussed during Rel-16 RRM enhancements for inter-frequency gapless measurements.
Observation 6: LTE requirements for UEs indicating capability of interFreqNeedForGaps or interRATNeedForGaps do not allow for interruptions.
Observation 7: If a UE signals no-gap as part of needForGaps or needForGapNCSG no interruption is expected by Rel-15 to Rel-17 gNBs.
Observation 8: Performance degradation in Rel 16/17 gNBs is expected if UE reporting no-gap in NeedForGapsInfoNR-r16 causes interruption.
Proposal 3: Indication of “no-gap” as part of NeedForGapsInfoNR-r16 and NeedForGapNCSG-InfoNR-r17 means no-gap without interruption when the UE is not reporting needForInterruptionInfoNR-18.
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