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[bookmark: _Toc116995841]Introduction
[bookmark: _Toc116995842]This paper presents Nokia’s view on RRM aspects related to further enhancements of measurement gaps for Rel-18. In particular, it presents discussion on the open issues regarding the measurements without gaps in Rel 18.
Discussion
Naming convention
As part of this paper, we use the naming convention suggested in the last WF [2], where Case 1 described the legacy behavior of measurements without gaps, and in Case 2 measurements interruption is allowed for without gaps: 
	[Moderator notes: it is better to differentiate the measurement without gap into the two scenarios below when considering the measurement reportint delay requirements as for the interruption requirements:
· Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
· Case 2: without gap but interruption allowed (e.g. ’[TBD2]’ indicated in [TBD new signaling])
]




Architecture assumptions
During RAN4 #104 proposals regarding studying need for idle RF chain were presented without a clear conclusion [3]
	Issue 2-19: Available IDLE RF chain in measurement 
< Way forward >: 
· Proponents are encouraged to clarify the proposal “requirements need to be distinguished if the UE has at least one idle RF chain available or not under NCSG + NCSG case.”




It is an assumption on other features like NCSG, that the UE can perform measurements using a vacant RF chain, and for this reason the scheduling availability of the UE can be improved. As part of the Rel-17 NCSG work, inter-frequency measurement requirements could be improved with the assumption that the UE has a spare idle receiver that can be used for inter-frequency measurements.
The availability of a spare RF chain at the UE can depend on several factors. In one example, a UE may support a larger number of component carriers than the network configures the UE. In that situation a spare RF chain can be made available for performing measurements, with little impact on the RF chains used for the active component carriers. Additionally, some UEs might support only few component carriers, and for that reason might rarely be able to make one chain available for measurements without gaps. 
[bookmark: _Toc127555203][bookmark: _Toc131949583]Requirements for measurements without gaps can change significantly depending on the assumption of an available vacant RF chain. 
[bookmark: _Toc127555204][bookmark: _Toc131949584]UEs with vacant RF chain can perform measurements without gaps with smaller impact on active component carriers. 
[bookmark: _Toc127555205][bookmark: _Toc131949585]Availability of a vacant RF chain may depend on the UE capability and on the total number of CCs configured/activated by the network. 
[bookmark: _Toc127555206][bookmark: _Toc131949586]RAN4 to define different requirements for measurements without gaps with interruption depending on the availability of vacant RF chain. 
[bookmark: _Toc127555207][bookmark: _Toc131949587]UE signalling of vacant RF chain not to be implemented by fixed UE capability, but more dynamic, i.e. UE assistance information. 
[bookmark: _Toc127555208][bookmark: _Toc131949588]Update naming convention to 
a. [bookmark: _Toc127555209][bookmark: _Toc131949589]Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
b. [bookmark: _Toc127555210][bookmark: _Toc131949590]Case 2a: without gap but interruption allowed with spare RF chain (e.g. ’[TBD2a]’ indicated in [TBD new signaling])
c. [bookmark: _Toc127555211][bookmark: _Toc131949591]Case 2b: without gap but interruption allowed without spare RF chain (e.g. ’[TBD2b]’ indicated in [TBD new signaling])

Interruption aspects
During RAN4 #106, the following WF was agreed regarding interruption requirements [11]
	Issue 1-1-2: Framework of the interruption requirements
< Agreement >: 
· The following aspects will be defined in the requirements of interruption:
· Interruption length
< Way forward >: 
· Interruption ratio can be defined depending on the measurement cycle length and interruption length as: 
· with up to [1.25%] probability of interruption per a UE measurement sample cycle when it is NOT less than [160ms] ms
· FFS on whether and how to define the interruption ratio requirements when the UE measurement sample cycle is less than [160ms]
· FFS on possible measurement delay requirements extension
· FFS whether there is a need to define the interruption location if the compromised proposal on the interruption ratio is agreed.

Issue 1-1-3: Requirements on the interruption length , if allowed 
< Way forward >: 
· FFS on: 
· Option 1:  Apple, Intel, CMCC, xiaomi, vivo, OPPO, Huawei, MTK
· As a starting point, the interruption length can be same as these defined for NCSG,e.g.
· When UE reporting “[no-gap,TBD]” in [NeedForGapInfoNR, TBD]  the interruption length can be VIL=1ms in FR1 and VIL=0.75ms in FR2.
· When UE reporting “[others,TBD]” in [NeedForGapInfoNR, TBD] no interruption allowed 
· Option 2: CATT, Nokia,ZTE
· As a starting point, when UE reporting “no-gap [TBD]” in [NeedForGapInfoNR, TBD]  , the interruption length can be specified based on the same RTT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
· Option 3: Ericsson
· The interruption length equalling 0.5ms for deactivated SCell measurement can be reused for NeedForGaps measurement.
· Option 4: Nokia
· Smaller interruption than these for NCSG is expected.

Issue 1-1-5: Requirements on the interruption location , if allowed 
< Way forward >: 
· Option 1:  Apple, Nokia, CMCC, OPPO, ZTE, MTK
· Interruption location needs to be specified.
· FFS on the specific location of interruption allowed
· Option 1a: Nokia
· to define requirements such that the location of interruption for no-gap Case 2 with vacant RF chain can be configured
· to define requirements such that the location of interruption for no-gap Case 2 without vacant RF chain is next to the symbols to be measured
· Option 1c: CMCC, E///
· not prefer to assume that interruption exists on each SMTC occasion
· Option 1d: CMCC
· if pattern is introduced to define interruption location, it is suggested to restrict the number of patterns (e.g. one or two patterns are enough), no need to introduce too many patterns like we did for NCSG patterns.
· Option 1e: CATT
· The interruption location should be close to both sides of the target measurement resources.
· Option 2:  vivo, Huawei, Qualcomm, E///
· No need to define the specific interruption location but the total interruption ratio

Issue 1-1-6: Requirements on the interruption ratio, if allowed 
< Way forward >: 
· Option 1: Huawei
· The interruption ratio for each MO requiring interruption is defined as 2*(L/T), where L is the interruption length, T is the measurement cycle of the MO, both in ms.
· Other options are not precluded.




When considering interruption length, and location of interruptions, it is needed to identify what is the differentiation of the measurement gaps with interruptions. Currently, UEs which are able to perform measurements outside gaps but need interruption are reporting need for NCSG. So, it should be clarified what are the advantages of defining a capability of no-gap Case 2 in comparison to NCSG. 
[bookmark: _Toc118120831][bookmark: _Toc118122536][bookmark: _Toc118122609][bookmark: _Toc118614870][bookmark: _Toc118644719][bookmark: _Toc118748519][bookmark: _Toc127555221][bookmark: _Toc131949592]If the interruptions used for no-gaps with interruption is the same as the ones with NCSG, there is no advantage of using the no-gap Case 2. 
[bookmark: _Toc118120832][bookmark: _Toc118122537][bookmark: _Toc118122610][bookmark: _Toc118614871][bookmark: _Toc118644720][bookmark: _Toc118748520][bookmark: _Toc127555222][bookmark: _Toc131949593]Smaller interruption than NCSG is expected for UE signaling no-gap type 2. 
[bookmark: _Toc118748521][bookmark: _Toc127555223][bookmark: _Toc131949594]When UE signals “no-gap Case 2”, the interruption length can be specified based on the same RRT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
Another aspect in relation to the interruption, is the location of the interruption. The knowledge of this location is important for the network to be able to make good scheduling decisions. Therefore, some random location of the interruption could yield in degradation of overall system performance. 
[bookmark: _Toc118644721][bookmark: _Toc118748522][bookmark: _Toc127555224][bookmark: _Toc131949595]The network needs information of the measurement interruption to make scheduling decisions. 
[bookmark: _Toc131949596]Network KPIs might be affected if interruptions are placed in random locations, since the network cannot distinguish among lost ACK/NACK or DTX due to interruption or due to interference.
[bookmark: _Toc118644722][bookmark: _Toc118748523][bookmark: _Toc127555225][bookmark: _Toc131949597]Interruption location for no-gap Case 2 should be known by the network. 
One concern that some companies expressed regarding the exact interruption location is that it may not be known exactly by the UE, i.e. some system jitter might cause the interruption to be delayed randomly. If that is the case, RAN4 can define a window in which the interruption might happen. Considering a window would be important form network perspective, since during this window the network might choose not to update UE related quality counters. For example, if that window is small enough, and an interruption happens the network doesn’t need to consider that it was caused by interference problems. If some packets are dropped due to interference, the chance that it happens during a small window that is specified would be smaller than during the entire SMTC periodicity. One example of how such a window could be specified is shown in Figure 1, where an interruption window is defined before and after the SMTC window, and the interruption might happen in a random position within that window. 

[image: ]
[bookmark: _Ref131678845]Figure 1 Example of interruption window before and after SMTC

[bookmark: _Toc131949598]If it is identified that exact interruption location cannot be specified, specify a window where interruption may happen. During this window, which is larger than interruption length, the UE might cause interruption. Scheduling restrictions would not apply during that window. 
[bookmark: _Toc131949599]Define interruption ratio within an interruption window where interruptions are allowed. 
[bookmark: _Toc131949600]Define 25% interruption ratio within an interruption window of 1 ms before and after the SMTC occasion to be measured. 

In Issue 1-1-2 it was also FFS the interruption ratio and relationship to measurement cycle. The values considered are relating the measurement cycle and the interruption ratio, since it is considered by some companies that the maximum measurement cycle can be considered when defining measurements without gaps. In our view that approach would completely take the control away from the network to configure the UE to perform more frequent measurements if the UE is anyway required to perform measurements at every 160 ms. That can have a negative impact on the L3 measurements that are configured for mobility, since it would be equivalent to increasing the SMTC period to 160 ms. If in one network deployment it is identified that mobility problems are happening, an operator might decide to reduce the SMTC periodicity to get more accurate and more frequent measurement reports. If the SMTC periodicity is always implicitly increased to 160 ms, the network would be in essence wasting its SSB transmissions, since they would not be used for improving the measurement time. 
[bookmark: _Toc131949601]Configuration of shorter SMTC periodicity can be used to help on mobility problems, by reducing the measurement time. 
[bookmark: _Toc131949602]Relating interruption ratio and measurement cycle implies that the UE is not measuring every SMTC occasion, and therefore the network is wasting SSB resources which are never used. 
[bookmark: _Toc131949603]Define interruption ratio independently of measurement cycle. 
Also considering the above, another issue is open for discussion relating measurement cycle and measurement delay [11]:
	Issue 1-1-7: Trade-off between interruption ratio and measurement delay 
< Way forward >: 
· FFS on: 
· Proposal 1: E///
· Introduce a lower bound for NeedForGaps measurement, such as [80]ms
· Introduce a scaling factor KNeedForGaps to reduce the total interruption ratio




In our view, the measurement delay should be controllable by the network by configuring the SMTC window. It is already possible for the network to extend the measurement delay in an environment where mobility issues are not identified by configuring a larger SMTC window periodicity. There is no need to introduce additional system complexity for the measurements without gaps. If the network would like to reduce the number of interruptions that a measurement without gaps is causing, the network can decide to reconfigure SMTC periodicity and extend the measurement delay. 
[bookmark: _Toc131949604]Introducing lower bound on measurement without gaps measurement cycle causes less flexibility for the network to configure faster/slower measurements in accordance to the deployment scenario. 
[bookmark: _Toc131949605]Do no introduce lower bound for measurement cycle for measurements performed without gaps. 
[bookmark: _Toc131949606]The UE shall follow the configured SMTC.
Additionally, the definition of the location of the interruption has also to consider whether the measurement is performed using a spare RF chain or not. In the case of a UE that has a spare RF chain, there might be more flexibility on where the interruption is located. 
Considering that, it is also beneficial for the 5G network if the interruptions from different UEs are placed at different locations. Since the SSB locations are common to the network, the SMTC configuration will be also common among several UEs. For this reason, most UEs will be performing measurements at the same time and experience the same scheduling restrictions.
[bookmark: _Toc127555226][bookmark: _Toc131949607]Distributing interruption location for different UEs can result in improved network efficiency. 
[bookmark: _Toc127555227][bookmark: _Toc131949608]RAN4 to define requirements such that the location of interruption for no-gap Case 2 with vacant RF chain can be configured. 
On the other hand, if no-cap Case 2 is considered for UEs without vacant RF chain it is desirable that the interruption is placed as close as possible to the SSB symbols to be measured. It is known by the UE which SSB indexes are configured to be measured within an SMTC, and the SMTC might even contain a combination of DL/UL slots between configured SSB indexes that can be used for data reception/transmission. In case the UE doesn’t have a spare RF chain for measurements, the UE is not capable of receiving data after re-tuning to perform the measurements. Therefore, a UE without spare RF chain can benefit from measurements without gaps only if the interruption is located around symbols that are to be measured. 
[bookmark: _Toc127555228][bookmark: _Toc131949609]A UE without spare RF chain is restricted for scheduling after retuning to perform measurements. 
[bookmark: _Toc127555229][bookmark: _Toc131949610]RAN4 to define requirements such that the location of interruption for no-gap Case 2 without vacant RF chain is next to the symbols to be measured.
Measurement reporting delay requirements
The following issues were discussed during the last RAN4 meeting regarding measurement reporting delay requirements [11]:
	Issue 1-2-1 Requirement for intra/inter-freq measurement without gap when interruption allowed (case 2) 
< Way forward/Agreement >: 
· Option 1: Apple, MTK
· Can be FFS after RAN4 agree how to define the interruption (length, location or ratio)
· Option 2:vivo, Huawei, Ericsson,
· The deactivated SCell measurement except the measCycleSCell can be a start point 
· Option 2a: 	Huawei
· Measurement cycle larger than 160ms can be considered
· Option 3: CATT, Xiaomi, Qualcomm, Nokia,
· For inter-f case 2,take requirements in 38.133, clause 9.3.9 (inter-freq w/o gap) as a starting point 
· For intra-f case 2, Take requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) as a starting point for the definition of requirements
· Option 3a: Nokia,
· considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled
· Option 4: OPPO, ZTE, MTK
· Take requirements NCSG requirements in TS38.133 clause 9.2.7 and 9.3.10 as a starting point for intra-f and inter-f case2 respectively.

Issue 1-2-2: Requirement for inter-freq measurement without gap (Inter-f case 1)
< Way forward >: 
· FFS on:     
· Proposal 1: CATT, CMCC, Huawei
· to update the definition of inter-frequency SSB based measurements without measurement gaps to include the case when UE indicates ‘no-gap’ via interFreq-needForGap
· Proposal 2: Intel, CATT,Huawei
· Updates/Clarification on CSSFoutside_gap.
· Proposal 3: Nokia, ZTE,  Huawei
· Define measurement reporting delay requirements for UEs indicating no-gap with interruption considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled




Another aspect was considered for the measurements without gaps, but with interruptions, regarding the measurement reporting delay requirements. For the intra frequency requirements, one concern is that the conditions for additional interruptions needs to be clarified. 
In the case of intra- and inter-frequency requirements, the requirements without gaps can be used as a baseline. The requirements for NCSG do not yet consider the SMTC overlapping with measurement gaps. Therefore, the best baseline to be considered for the requirements for UE reporting no-gap type 2 are the ones on 9.2.5 and 9.3.9. On the other hand, the case where the flag I deriveSSB-IndexFromCellInter-r17is enabled is only specified for NCSG requirements, however the adaptation of enabling that flag is simple for the requirements without gaps, since it only involves removing the SSB index time identification. 
[bookmark: _Toc118120833][bookmark: _Toc118122538][bookmark: _Toc118122611][bookmark: _Toc118614872][bookmark: _Toc118644723][bookmark: _Toc118748524][bookmark: _Toc127555230][bookmark: _Toc131949611]Rel-17 NCSG intra-frequency requirements do not consider overlap of SMTC with measurement gaps. 
[bookmark: _Toc118120834][bookmark: _Toc118122539][bookmark: _Toc118122612][bookmark: _Toc118614873][bookmark: _Toc118644724][bookmark: _Toc118748525][bookmark: _Toc127555231][bookmark: _Toc131949612]Take requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) as a starting point for the definition of requirements for UE reporting no-gap type 2 (no-gap with interruption).
[bookmark: _Toc118120835][bookmark: _Toc118122540][bookmark: _Toc118122613][bookmark: _Toc118614874][bookmark: _Toc118644725][bookmark: _Toc118748526][bookmark: _Toc127555232][bookmark: _Toc131949613]Rel-17 NCSG inter-frequency requirements do not consider overlap of SMTC with measurement gaps.
[bookmark: _Toc118120836][bookmark: _Toc118122541][bookmark: _Toc118122614][bookmark: _Toc118614875][bookmark: _Toc118644726][bookmark: _Toc118748527][bookmark: _Toc127555233][bookmark: _Toc131949614]Define measurement reporting delay requirements for UEs indicating no-gap type 2 considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled.
Additionally, the open issues relate also to the measurements without gaps, and without interruption. In that case, it is understood that the existing measurement requirements already apply, since interruptions were not specified for inter-f and intra-f measurements. For this case, only clarification is needed considering that RAN2 is updating the signaling related to needForGaps in Rel 18. 
[bookmark: _Toc131949615]Existing requirements for inter-f and intra-f without gaps already apply for no-gap without interruption (case 1). 
[bookmark: _Toc131949616]Clarify that requirements in Section 9.2.5 (intra frequency without gaps) apply for UE reporting Rel-18 no-gap Case 1 (FFS exact signalling defined by RAN2). 
[bookmark: _Toc131949617]Clarify that requirements in Section 9.3.9 (inter frequency without gaps)  apply for UE reporting Rel-18 no-gap Case 1  (FFS exact signalling defined by RAN2). 


Relation between NCSG and no-gap support
The following issues were discussed during the last RAN4 meeting regarding mapping of NCSG and needForGaps capability [11]:
	
Issue 1-3-1: Mapping between NeedForGap and NCSG capabilities when UE supports both of them
< Way forward >: 
· FFS on: 
· [NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR are not expected to be enabled for the same UE at the same time
· No need to establish the mapping between UE’s indication for NeedForGaps and NCSG 



During the last RAN4 meeting, there were proposals regarding NCSG and needForGaps not being configured at the same time. In our view that would make it much slowed for the UE to be configured with the correct measurements if it cannot report NCSG or needForGaps at the same time. As an example, consider a network that will always attempt to configure either NCSG or measurements without gaps, the delay in this configuration would need to take into account that every time the UE is configured to report either NCSG or needForGaps the RRC processing delay would apply again. Figure 1 shows one such example, where the RRC processing delay needs to be considered 3 times before the network has the full picture of the UE capabilities whether gap, NCSG or measurement without gap should be configured. 

[image: ]
[bookmark: _Ref130831007]Figure 2 Example of how RRC processing delay would be repeated 3 times if the UE should not be configured to report NCSG and NFG simultaneously
[bookmark: _Toc131949618]RRC messages configuring NFG or NCSG include overhead of RRC processing delay. 
[bookmark: _Toc131949619][Rel 18 NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR may be enabled for the same UE at the same time

UE behavior
The following issues were discussed during the last RAN4 meeting regarding UE behaviour and mismatch scenarios [11]:
	Issue 1-3-2: UE behaviors mismatch between UE and NW 
< Way forward >: 
· FFS on: 
· [bookmark: _Toc118748532][bookmark: _Toc118644731][bookmark: _Toc118614880]No impact on Rel-18 NFG requirements because of mismatch scenarios where either UE or NW support Rel-17 or earlier release.
· The requirements of Rel18 NFG will not be applicable to these mismatch scenarios
· Rel-17 UE which supports NCSG in a Rel-16 NW which only supports NeedForGaps
· Rel-16 UE which supports NeedForGaps in a Rel-17 NW which supports NCSG
· Both UE and NW support NCSG and NeedForGaps
· Others are not precluded


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
    < Way forward >: 
· FFS on:
· Proposal 2: Qualcomm
· It is up to UE what reporting capability is used for reporting when both R17 and R18 reporting capability are supported
· Proposal 3: Nokia
· Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption)
· Proposal 4: E///
· Rel-16 UE is assumed to need interruption since no new interruption indication bit will be reported.




When UE behavior are considered, some important aspects have to be considered concerning legacy networks. In the case the UE signals needForGaps or needForNCSG there is already an expected behavior considered by the network. In that case, if no-gap is signaled, it is clear that no additional gaps are expected. Therefore, it is important that whatever new RRM enhancement is developed the legacy behavior should remain unchanged. 
[bookmark: _Toc118120837][bookmark: _Toc118122542][bookmark: _Toc118122615][bookmark: _Toc118614876][bookmark: _Toc118644727][bookmark: _Toc118748528][bookmark: _Toc127555240][bookmark: _Toc131949620]If a UE signals no-gap as part of needForGaps or needForGapNCSG no interruption is expected by Rel-15 to Rel-17 gNBs. 
[bookmark: _Toc127555243][bookmark: _Toc131949621]Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption). 
The other issue that was raised was about mismatch scenarios. One big concern is how legacy UEs and Network are considered. In the case of mismatch, it must be clear how the UE is behaving, otherwise the network won’t be able to predict when the UE is available for being scheduled. 
[bookmark: _Toc131949622]No impact on Rel-18 NFG requirements because of mismatch scenarios where either UE or NW support Rel-17 or earlier release.
Scheduling availability
As part of the last RAN4 meeting, the following issues are open in relation to scheduling availability [11]: 
	Issue 1-4-1: General principles to define scheduling restriction requirements 
< Way forward/ >: 
· FFS on: 
· Option 1: Nokia,vivo, OPPO
· [bookmark: _Toc118614885][bookmark: _Toc118644736][bookmark: _Toc118748537]whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· [bookmark: _Toc118122550][bookmark: _Toc118614886][bookmark: _Toc118120845][bookmark: _Toc118748538][bookmark: _Toc118122623][bookmark: _Toc118644737]whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· Option 1a: Nokia,OPPO
· whether the UE supports simultaneousRxTxInterBandCA in FR1. 
· whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
· whether IBM is supported in FR2.
· Option 2: Qualcomm
· No need to introduce scheduling restriction due to interruption for performing inter-frequency measurements. 

Issue 1-4-2: On top of which existing requirements to define scheduling restriction requirements 
< Way forward >: 
· FFS on:
· Option 1: Apple, CMCC, Intel, OPPO, Huawei, MTK, E///
· take the similar requirements for NCSG (TS38.133 v17.6.0 9.3.10.3) as baseline to define scheduling availability 
· Option 1a: Huawei
· The scheduling restriction applies regardless of whether interruption is allowed (for both case 1 and case 2)
· Option 2: CATT
· Reuse the scheduling availability requirements from intra/inter-frequency without gaps 9.2.5.3 or 9.3.9.3 for UEs reporting no-gap but with interruption.
· Option 3: vivo
· If RAN4 agrees to define total interruption ratio without specifying location and length, no need to define scheduling restriction
Issue 1-4-3: Default SMTC pattern
< Way forward >: 
· FFS on: 
· Option 1: Ericsson
· Default SMTC pattern should be defined to restrict the scheduling restriction occasions if RAN4 doesn’t define a dedicated measurement pattern for interruption occasions
· Option 2: Huawei
· No




For inter-frequency measurements, the NCSG requirements include IBM and deriveSSB-IndexFromCellInter. In both cases the scheduling restrictions can be reduced, since with the assumption of deriveSSB-indexFromCellInter the different cells are assumed to be aligned and the uncertainty in the position of the SSBs is small. Additionally, with IBM the UE may change its spatial filter in more than one frequency independently, and therefore can perform data reception/transmission while performing RRM measurements. 
gapless measurement requirements in 9.3.9 
[bookmark: _Toc118614884][bookmark: _Toc118644735][bookmark: _Toc118748536][bookmark: _Toc127555245][bookmark: _Toc118120844][bookmark: _Toc118122549][bookmark: _Toc118122622][bookmark: _Toc131949623]Define scheduling restriction requirements for UEs indicating no-gap Case 2 considering 
d. [bookmark: _Toc127555246][bookmark: _Toc131949624]whether the UE supports simultaneousRxTxInterBandCA in FR1. 
e. [bookmark: _Toc127555247][bookmark: _Toc131949625]whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
f. [bookmark: _Toc127555248][bookmark: _Toc131949626]whether IBM is supported in FR2.
Additionally, it is important to define scheduling availability for the separate cases. In the case of inter-frequency measurements performed by a UE with an available vacant receiver, scheduling restriction can be avoided for certain configurations. 
[bookmark: _Toc127555249][bookmark: _Toc131949627]It is expected that a UE with an spare RF chain can perform inter-frequency measurement without scheduling restrictions if deriveSSB-IndexFromCellInter-r17 is configured. 
[bookmark: _Toc116995848]Conclusion
In the paper, the following Observations and Proposals were made:
Observation 1: Requirements for measurements without gaps can change significantly depending on the assumption of an available vacant RF chain.
Observation 2: UEs with vacant RF chain can perform measurements without gaps with smaller impact on active component carriers.
Observation 3: Availability of a vacant RF chain may depend on the UE capability and on the total number of CCs configured/activated by the network.
Proposal 1: RAN4 to define different requirements for measurements without gaps with interruption depending on the availability of vacant RF chain.
Proposal 2: UE signalling of vacant RF chain not to be implemented by fixed UE capability, but more dynamic, i.e. UE assistance information.
Proposal 3: Update naming convention to
a.	Case 1: without gap and no interruption (e.g. ’[TBD1]’ indicated in [TBD new signaling])
b.	Case 2a: without gap but interruption allowed with spare RF chain (e.g. ’[TBD2a]’ indicated in [TBD new signaling])
c.	Case 2b: without gap but interruption allowed without spare RF chain (e.g. ’[TBD2b]’ indicated in [TBD new signaling])
Observation 4: If the interruptions used for no-gaps with interruption is the same as the ones with NCSG, there is no advantage of using the no-gap Case 2.
Proposal 4: Smaller interruption than NCSG is expected for UE signaling no-gap type 2.
Proposal 5: When UE signals “no-gap Case 2”, the interruption length can be specified based on the same RRT assumption as for NCSG (0.5ms in FR1 and 0.25ms in FR2) interruption occasion.
Observation 5: The network needs information of the measurement interruption to make scheduling decisions.
Observation 6: Network KPIs might be affected if interruptions are placed in random locations, since the network cannot distinguish among lost ACK/NACK or DTX due to interruption or due to interference.
Proposal 6: Interruption location for no-gap Case 2 should be known by the network.
Proposal 7: If it is identified that exact interruption location cannot be specified, specify a window where interruption may happen. During this window, which is larger than interruption length, the UE might cause interruption. Scheduling restrictions would not apply during that window.
Proposal 8: Define interruption ratio within an interruption window where interruptions are allowed.
Proposal 9: Define 25% interruption ratio within an interruption window of 1 ms before and after the SMTC occasion to be measured.
Observation 7: Configuration of shorter SMTC periodicity can be used to help on mobility problems, by reducing the measurement time.
Observation 8: Relating interruption ratio and measurement cycle implies that the UE is not measuring every SMTC occasion, and therefore the network is wasting SSB resources which are never used.
Proposal 10: Define interruption ratio independently of measurement cycle.
Observation 9: Introducing lower bound on measurement without gaps measurement cycle causes less flexibility for the network to configure faster/slower measurements in accordance to the deployment scenario.
Proposal 11: Do no introduce lower bound for measurement cycle for measurements performed without gaps.
Proposal 12: The UE shall follow the configured SMTC.
Observation 10: Distributing interruption location for different UEs can result in improved network efficiency.
Proposal 13: RAN4 to define requirements such that the location of interruption for no-gap Case 2 with vacant RF chain can be configured.
Observation 11: A UE without spare RF chain is restricted for scheduling after retuning to perform measurements.
Proposal 14: RAN4 to define requirements such that the location of interruption for no-gap Case 2 without vacant RF chain is next to the symbols to be measured.
Observation 12: Rel-17 NCSG intra-frequency requirements do not consider overlap of SMTC with measurement gaps.
Proposal 15: Take requirements in Section 9.2.5 of TS38.133 (intra-freq w/o gap) as a starting point for the definition of requirements for UE reporting no-gap type 2 (no-gap with interruption).
Observation 13: Rel-17 NCSG inter-frequency requirements do not consider overlap of SMTC with measurement gaps.
Proposal 16: Define measurement reporting delay requirements for UEs indicating no-gap type 2 considering both deriveSSB-IndexFromCellInter-r17 enabled and disabled.
Observation 14: Existing requirements for inter-f and intra-f without gaps already apply for no-gap without interruption (case 1).
Proposal 17: Clarify that requirements in Section 9.2.5 (intra frequency without gaps) apply for UE reporting Rel-18 no-gap Case 1 (FFS exact signalling defined by RAN2).
Proposal 18: Clarify that requirements in Section 9.3.9 (inter frequency without gaps)  apply for UE reporting Rel-18 no-gap Case 1  (FFS exact signalling defined by RAN2).
Observation 15: RRC messages configuring NFG or NCSG include overhead of RRC processing delay.
Proposal 19: [Rel 18 NeedForGapsInfoNR] and NeedForGapNCSG-InfoNR may be enabled for the same UE at the same time
Observation 16: If a UE signals no-gap as part of needForGaps or needForGapNCSG no interruption is expected by Rel-15 to Rel-17 gNBs.
Proposal 20: Indication of “no-gap” as part of needForGaps or needForGapsNCSG means no-gap Case 1 (no gap without interruption).
Proposal 21: No impact on Rel-18 NFG requirements because of mismatch scenarios where either UE or NW support Rel-17 or earlier release.
Proposal 22: Define scheduling restriction requirements for UEs indicating no-gap Case 2 considering
a.	whether the UE supports simultaneousRxTxInterBandCA in FR1.
b.	whether deriveSSB-IndexFromCellInter-r17 is enabled and supported by the UE in FR1 and FR2.
c.	whether IBM is supported in FR2.
Observation 17: It is expected that a UE with an spare RF chain can perform inter-frequency measurement without scheduling restrictions if deriveSSB-IndexFromCellInter-r17 is configured.
[bookmark: _Toc116995849]References
[1] [bookmark: _Ref114500673]RP-221018, “New WID: Further Enhancements on NR and MR-DC Measurement Gaps and Measurements without Gaps”, MediaTek Inc, Intel Corporation
[2] [bookmark: _Ref127000000][bookmark: _Ref117928279]R4-2220360, WF on NR_MG_enh2 Part 2, Intel Corporation
[3] [bookmark: _Ref127002026]R4-2214346, WF on further enhancements on measurement gaps and measurements without gaps, MediaTek inc.
[4] R4-2217251, WF on further enhancements on measurement gaps and measurements without gaps, Mediatek
[5] [bookmark: _Ref117936709]R4-2217252, WF on Measurement without gaps for UEs reporting NeedForGapsInfoNR, Intel
[6] R4-2217253, WF on inter-RAT measurement without gap, Intel
[7] R4-2216582, Discussion on requirements for concurrent measurement gaps, pre-configured gaps and NCSG, Nokia, Nokia Shanghai Bell
[8] R4-2216583, Discussion on RRM requirements without gaps for MG_enh2, Nokia, Nokia Shanghai Bell
[9] R4-2219745, Discussion on measurements without gaps, Nokia, Nokia Shanghai Bell
[10] [bookmark: _Ref127007577]38.331, NR, Radio Resource Control (RRC) protocol specification
[11] [bookmark: _Ref130821245]R4-2303198, WF on NR_MG_enh2 Part 2, Intel Corporation


image1.emf
 

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

0 1 2 3 4 5 6 7 8 9

1

0

1

1

1

2

1

3

Interruption 

window

Interruption 

window

Interruption

Interruption

SMTC


image2.emf
 

UE Network

RRCReconfiguration

needForNCSG-ConfigNR

RRC

processing

delay

RRCReconfigurationComplete

neegForNCSG-InfoNR='gap'

RRCReconfiguration

[needForGapsConfigNR Rel-18]

RRC

processing

delay

RRCReconfigurationComplete

[needForGapsInfoNR-r18='gap']

RRCReconfiguration

GapConfig

RRC

processing

delay

RRCReconfigurationComplete

http://msc-generator.sourceforge.net v6.3.7


