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1	Introduction
In RAN plenary 102, a new WI for Rel-19 on extended reality (XR) was agreed [1], with an objective involving WG RAN1 as the following:
Specify enhancements to enable transmission/reception in gaps/restrictions that are caused by RRM measurements (from inter-frequency RRM measurement gaps, or intra-frequency measurements, or other scheduling restrictions etc). [RAN1, RAN2, RAN4] 
· Specify the corresponding measurement gap and scheduling restriction to enable the identified enhancements with RRM performance impact taken into consideration, work being triggered by LS. [RAN4]
The normative work for this objective was kicked off in RAN1#116. The discussion during the previous meeting resulted in the following outcome.
	Outcome of RAN1#116
Agreement
Consider at least solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· FFS: Other types of solutions.
· Whether or not/how to account for any UE assistance information/indication in addition to other information available at the network
Agreement
From RAN1 perspective, when an occasion(s) of gaps/restrictions that are caused by RRM measurements are cancelled/skipped fully, UE is assumed to receive/transmit in the gaps/restrictions that are caused by RRM measurements as it would without any (measurement etc. related) gaps/restrictions that are caused by RRM measurements.
· FFS: Whether or not/How to support of the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially
Agreement
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider at least one of the following alternatives or combinations for further down-selection:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· FFS: details
· Alt. 2: Semi-persistent solution to deactivate/ and/or re-activate one or more of gaps/restrictions that are caused by RRM measurements and to enable Tx/Rx during the deactivated in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: details
· Alt. 4: Dynamic solution to adapt/change gap/SMTC configuration to enable TX/RX in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements:
· FFS: details
Companies are encouraged to use the EVM in TR38.835 if they are submitting simulation results.
Working Assumption
RAN1 aims to develop/identify solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements agnostic in RAN1 normative work to types of gaps/restrictions that are caused by RRM measurements.
Note: UE features related to the developed solution(s) is a separate discussion.



In this contribution, we discuss our view on the expected normative work to support the above feature.
2	Discussions
2.1	Assessment of design alternatives 
In our view, the outcome of the normative work should result in a feature that meets the intended objectives by yielding improved performance with reasonable level of complexity. Based on this perspective, we analyse the design alternatives to determine the alternative or combination of alternatives that are justified to be considered. That helps to decide for the baseline design approach. With that decision in place, we can progress on the design details to complete the feature.
[bookmark: _Toc163255805]The design alternatives should be assessed to decide for a baseline design approach that results in a feature providing improved performance with reasonable level of complexity.
With respect to the design alternatives, the following agreement was made during the last meeting:
Agreement:
For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements consider the following alternatives or combinations for further down-selection:
· Alt. 1: Dynamic indication to enable Tx/Rx in particular gap(s)/restriction(s) that are caused by RRM measurements. 
· FFS: details
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: details
· Alt. 4: Dynamic solution to adapt/change gap/SMTC configuration to enable TX/RX in gaps/restrictions that are caused by RRM measurements. 
· FFS: details
· Alt. 5: Rule-based solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements:
· FFS: details

In the following we present our view on the alternatives for further down selection: 
Alt. 1 & Alt 2 & Alt 3: 
We understand semi-persistent and semi-static solutions aim to apply periodic MG patterns that could be utilized for measurements without negatively impact XR capacity. Furthermore, we understand such MG pattern would be time persistent without needing to frequently change the pattern. However, due to that the variation in radio environment, traffic arrival/sizes and mobility for the intended UE as well as other serving UEs, we believe that a dynamic solution is best suited to meet the objectives. Moreover, the network serves multiple UEs and cannot predict how the scheduling situation long in the future.
A dynamic solution provides the network with the flexibility needed to improve XR capacity when MG is required to enable UE measurements and that can be achieved with minimized specification impact as we discuss next. Therefore, we believe that only a fully dynamic solution (i.e., Alt. 1) is capable to solve the problem, i.e., semi-persistent or semi-static solutions (i.e. Alt.2 and Alt.3) alone are not sufficient.
Additionally, we believe that it is beneficial to complement the dynamic solutions based on Alt. 1 with a semi-persistent solutions (i.e. Alt. 2) as we discuss in Section 2.3. 
Alt. 4:  
In our view, solutions based on Alt. 4 aim to adapt/change a parameter of the configuration and could therefore be understood as a semi-persistent solution where the adaptation/change of the parameter persists until it may be dynamically changed again. In such a case we believe this alternative suffers from the same problem as Alt. 2 and Alt.3.
Alt. 5:  
Usefulness of a rule-based approach in realistic scenarios is questionable. Many factors impact the real operations that are not within the scope of specifications. Consequently, the task of specifying the proper rules and the corresponding parameters to control the rules that can ensure the network to operate with proper tools, can be too complex with limited benefits.
In designing the proper rules, we should consider at least other UEs affected by the same MG and their corresponding operational conditions, mechanisms such as  DL assignments and UL grants for one of multiple UEs, service differentiation and the conditions for applying the differentiation. For example, typically multiple services are intended for the same UE, e.g. eMBB and XR services, and often there is no need to prioritize Tx/Rx over measurements for eMBB traffic. Additionally, other UEs affected by the same MG and their corresponding operational conditions. Clearly, such solutions would be too complex to be useful and it is better left for implementation.
Based on the above assessment, we summarize our view on the preferred solutions as the following:
[bookmark: _Toc163255806]For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
· [bookmark: _Toc163255807]Solutions based on Alt.1 is supported as the baseline design approach
· [bookmark: _Toc163255808]Solutions based on Alt. 2 alone are not supported.
· [bookmark: _Toc163255809]Solutions based on Alt. 3, Alt. 4 and Alt. 5 are not supported.
· [bookmark: _Toc163255810]Solutions based on Alt. 2 can be considered as complement to Alt. 1 based solutions.
[bookmark: _Toc163249615][bookmark: _Toc163249618][bookmark: _Toc163249619][bookmark: _Toc163249620][bookmark: _Toc163249621][bookmark: _Toc163249622][bookmark: _Toc163249623]
2.2	Details of preferred baseline design
We discussed above that the baseline design should be based on dynamic indication (i.e. Alt. 1). In this section, we discuss in more details the design aspects of the baseline approach.
2.2.1	Indication design aspects
In our view, the best approach for dynamic cancellation of MGs is a DCI-based solution as compared to other dynamic solutions. This is achieved by a configuring the DCI with a field that the content of the bit-field in the DCI indicates the status of a MG. For example, a 1-bit field in the DCI indicates whether the next MG is cancelled or not. To be specific, the bit in the DCI field is associated to the earliest MG starting after the ending symbol of the PDCCH carrying the bit-field. 
It is also important from our view that decouple this field with the other functionalities enabled by the DCI. For example, a DCI format 0_1 can be configured with this bit field and indicate that a next measurement gap that occurs in 10 ms is cancelled while simultaneously providing the UE with an UL grant to transmit a PUSCH after 2 ms. This property increases the robustness of the feature in case of misdetection at the UE and avoids complicated dependencies while resulting in a lean design.
We further believe it is sufficient to only have the new field in non-fallback scheduling DCIs and it sufficient to limit the new field to DCI formats x_1, x_2 and x_3.
Another important property from our perspective is that consistency in the information provided by the bit-field indication in the DCI. That means that when a MG occasion is indicated cancelled, it should be remained cancelled. 
As discussed earlier, indication of cancellation of a MG should satisfy a timeline for the UE to be prepared to transmit/receive during the MG. The reference for the timeline can be when the indicated MG starts. 
See Figure 1 that illustrates the design aspects discussed above.
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[bookmark: _Ref159005291]Figure 1: Illustration of dynamic indication of a MG cancellation. The indication is performed by a field in DCI where in this example, 1-bit is used to indicate the status of next MG (‘0’/’1’ corresponding to ‘not cancelled’/’cancelled’). The timeline is shown by Tm. Case 1 illustrates the basic operation without any cancellation. Case 2 illustrates the cancellation of upcoming MG. Case 3 illustrates the consistency in cancellation indication where reserving a cancellation is not allowed.

The properties above outline the design baseline and are summarized in the proposal.
[bookmark: _Toc163255811]Support dynamic indication of cancellation of a MG occasion by a bit-field in a DCI format carried by PDCCH as the baseline approach.
· [bookmark: _Toc163255812]A bit(s) in the cancellation field is associated to a MG occasion(s) starting after the last symbol of the PDCCH carrying the DCI format and indicates whether the MG occasion(s) is cancelled.
· [bookmark: _Toc163255813]When a MG occasion is indicated cancelled, it should be remained cancelled. 
· [bookmark: _Toc163255814]The first cancellation indication should satisfy a timeline with respect to the cancelled MG occasion(s).
· [bookmark: _Toc163255815]DCI _1, X_2 and X_3 can be configured with the MG cancellation indication field.
2.2.2	Timeline design aspects
With respect to timeline, it is important to discuss few aspects. 
Firstly, regarding the duration of timeline, we share our view as the following:
In our view, the existing timeline values such as cancellation timeline or PUSCH or PUCCH processing timeline are suitable candidates for this purpose. During the last meeting, values in order of 4-5 ms was proposed for the duration of timeline. For Alt.2, Alt.3 and possibly Alt.4 we could understand if there is need to have a timeline in order of few milli-seconds since there is or may be a pattern change e.g., periodicity or time offset of the MG. However, for Alt.1 the UE has already been configured with the occasions where MG can occur, and it is only undecided whether the UE shall perform measurement or perform Tx-Rx until the UE receives the dynamic indication. We foresee that considering timeline in order of several ms diminishes the expected benefits of the feature.
Therefore, from our perspective the UE processing time for PDSCH or PUSCH or UL cancellation timeline could be reused for the timeline needed in Alt. 1 based solution.
Secondly, regarding the reference point where the timeline starts, we share our view as the following:
In our view, the baseline for the reference point should be the start of the measurement gap subject to indication as we have illustrated in the previous figures.
Thirdly, regarding the indication timing with respect to timeline, we share our view as the following:
In our view, the cancellation timeline should be fulfilled for the first PDCCH that indicates cancellation of a MG. However, once the UE has received this PDCCH given that the cancellation timeline is fulfilled, the follow-up PDCCHs can be received after the cancellation timeline and before the MG or within the MG as shown in Figure 2. Clearly, proper operation requires alignment between gNB and UE that can be handled by gNB implementation. 
We summarize the discussion by the following proposal.
[bookmark: _Toc163255816]For dynamic indication for cancellation of a MG (i.e. Alt. 1), support at least the following with respect to the cancellation timeline:
· [bookmark: _Toc163255817]Tproc1, Tproc2 or exiting UL cancellation timeline can be reused for duration of the MG cancellation timeline.
· [bookmark: _Toc163255818]The reference for the cancellation timeline is the start of the cancelled MG as the baseline. 
· [bookmark: _Toc163255819]The cancellation timeline should only be satisfied for the first indication of a cancelled MG.
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[bookmark: _Ref159013980]Figure 2: Cancellation timeline is applicable to the first cancellation indication. Once a MG is indicated cancelled by PDCCH1, PDCCH2 with cancellation indication can be received after the timeline and before the cancelled MG or within the cancelled MG. This PDCCH can schedule a transmission within the cancelled MG.
2.3	Dynamic indication complemented by semi-persistent indication (Alt. 1 and Alt. 2)
We mentioned in Section 2.1 that we find it beneficial to complement the dynamic solutions based on Alt. 1 with the semi-persistent solutions based on Alt. 2. In this section, we explain our motivations for such a view.
In real operation, the need for measurements and the frequency of such measurements that require MG vary depending on the UE location in the cell. When a UE is deep inside the cell there is typically no need at all to perform such measurements while the measurement needs and its benefit for mobility performance will increase when the UE approaches the cell border. 
For example, as shown in Figure 3, the MGs for UEs in cell center quite often end up being under-utilized as opposed to the cell edge UEs. In other words, we can roughly observe two modes of operations:
· Mode 1: Higher rate of utilization of MGs for RRM measurements
· Mode 2: Lower rate of utilization of MGs for RRM measurements

This observation hints that for operation scenarios similar to Mode 1, it is reasonable to assume that the configured MGs are generally used for RRM purposes and can be occasionally cancelled to serve traffic, as we previously discussed as the baseline approach. However, the UE can experience scenarios similar to Mode 2, or due to mobility or changes in channel conditions the UE can experience a transition from Mode 1 to Mode 2. Since the semi-persistent solutions provide more flexibility than RRC reconfiguration for enabling/disabling MG and/or changing the MG frequency (pattern/periodicity), adjusting the utilization of the MGs can be obtained by semi-persistent solutions based on Alt. 2 to enable transition between Mode 1 and Mode 2.  With this enhanced RRM measurement framework in place, the dynamic indication based on Alt. 1 is applied on top to serve the XR traffic. 
 In other words, the operation would be as the following:
· Operation 1 (baseline): Configured MGs are assumed enabled by default (Mode 1).  DCI indication can cancel a MG occasion(s).  
· Operation 2 (complementary): Configured are assumed canceled by default or MAC CE command (transition from Mode 1 to Mode 2). DCI indication can activate a MG occasion(s) when needed.

In our view, this approach considerably helps the UE to avoid unnecessary cancellations. Therefore, it is beneficial to investigate this approach as well. 
We summarize the discussion by the following proposal.

[bookmark: _Toc163255820]Consider investigating the following approach as combination of Alt.1 and Alt. 2 design solutions:
· [bookmark: _Toc163249635][bookmark: _Toc163249856][bookmark: _Toc163250103][bookmark: _Toc163250216][bookmark: _Toc163250296][bookmark: _Toc163250384][bookmark: _Toc163250501][bookmark: _Toc163250532][bookmark: _Toc163250564][bookmark: _Toc163250596][bookmark: _Toc163249636][bookmark: _Toc163249857][bookmark: _Toc163250104][bookmark: _Toc163250217][bookmark: _Toc163250297][bookmark: _Toc163250385][bookmark: _Toc163250502][bookmark: _Toc163250533][bookmark: _Toc163250565][bookmark: _Toc163250597][bookmark: _Toc163255821]Configured MGs can be indicated enabled or canceled by MAC-CE (Alt. 2).
· [bookmark: _Toc163255822](Baseline) when configured MGs are enabled, DCI indication can cancel a MG occasion(s) (Alt. 1).  
· [bookmark: _Toc163255823](complementary) when configured MGs are canceled, DCI indication can enable a MG occasion(s) (Alt. 1)

[image: ]
[bookmark: _Ref159021781]Figure 3 Illustration of usability of MGs for RRM purposes based on UEs locations in the cell. 

2.4	On partial cancelation
The following agreement was made during the last meeting. 
Agreement
From RAN1 perspective, when an occasion(s) of gaps/restrictions that are caused by RRM measurements are cancelled/skipped fully, UE is assumed to receive/transmit in the gaps/restrictions that are caused by RRM measurements as it would without any (measurement etc. related) gaps/restrictions that are caused by RRM measurements.
· FFS: Whether or not/How to support of the case where an occasion(s) of gap/restrictions that are caused by RRM measurements are cancelled/skipped partially

The open issue in this agreement refers to the support of the partial cancellation.
In our view, it is beneficial to discuss the possibility of partial cancellation of a MG as shown in Figure 4. The motivation for partial cancellation is supporting cases when serving the traffic cannot be delayed after the MG but the gNB has not been able to provide the cancellation indication before the cancellation timeline. For partial cancellation the reference point for the cancellation timeline is advanced within the MG and the duration of timeline is potentially different than the one for baseline cancellation.
However, our support of partial cancellation depends on whether the partial cancellation can be easily accommodated as part of the main design framework. If the support of partial cancellation results in complication of the design of the full cancellation or results in alternative design solutions, we believe it is not worth to be pursued due to excessive complexity.
Therefore, a better understanding for the baseline design with full cancellation should be established first prior to the discussion regarding the support of the partially cancelled/skipped.
Based on the above discussion, we propose the following:
[bookmark: _Toc163255824]Postpone (but not de-prioritize) discussion on partial cancellation until the baseline design has achieved a good progress. Consider the support of partial cancellation if it can be accommodated as asimple extension of the baseline design.
[bookmark: _Toc163249640][bookmark: _Toc163249861][bookmark: _Toc163250108][bookmark: _Toc163250221][bookmark: _Toc163250302][bookmark: _Toc163250390]
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[bookmark: _Ref159016179]Figure 4: Illustration of partial cancellation of a MG as compared to baseline cancellation. In case of partial cancellation, the reference point for the cancellation timeline is advanced within the MG with a duration potentially different than the one for baseline cancellation. 
2.5	On UE assistance information
The following agreement was made during the last meeting. 
Agreement
Consider at least solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements.
· FFS: Other types of solutions.
· Whether or not/how to account for any UE assistance information/indication in addition to other information available at the network

The second open issue in this agreement refers to the support of UE assistance information when network signal to enable Tx/Rx in RRM measurement gaps/restriction. 
In our view, the decision at the gNB should not be dependent on the UE assistance information, regardless of its content, and its availability, if the UE assistance information is supported. Therefore, the discussion on UE assistance information should not affect the baseline design progress. With that in mind, if the UE assistance information is supported, it should purely be utilized as assistance information without mandating any conditions for operation.
Moreover, it is not clear what kind of information this would be and furthermore how and how often such information would be transmitted by the UE. Clarifications on these aspects are important since the main purpose of the objective of the WI is to improve XR capacity. Therefore, as the availability of UE assistance information is not essential for operation, its support should provide significant capacity improvement to be justified to be supported.
Based on the above discussion, we propose the following:
[bookmark: _Toc163255825]The availability of UE assistance information should not be essential for the operation based on the baseline design approach. Therefore, the discussion on UE assistance information should not affect the baseline design progress.
[bookmark: _Toc163255826]If the UE assistance information is supported, its availability should provide significant capacity improvement.
[bookmark: _Toc163249645][bookmark: _Toc163249866][bookmark: _Toc163250113][bookmark: _Toc163250226][bookmark: _Toc163250307][bookmark: _Toc163250395][bookmark: _Toc163250509][bookmark: _Toc163250541][bookmark: _Toc163250573][bookmark: _Toc163249646][bookmark: _Toc163249867][bookmark: _Toc163250114][bookmark: _Toc163250227][bookmark: _Toc163250308][bookmark: _Toc163250396][bookmark: _Toc163250510][bookmark: _Toc163250542][bookmark: _Toc163250574][bookmark: _Toc163249647][bookmark: _Toc163249868][bookmark: _Toc163250115][bookmark: _Toc163250228][bookmark: _Toc163250309][bookmark: _Toc163250397][bookmark: _Toc163250511][bookmark: _Toc163250543][bookmark: _Toc163250575][bookmark: _Toc163250229][bookmark: _Toc163250310][bookmark: _Toc163250398][bookmark: _Toc163250512][bookmark: _Toc163250544][bookmark: _Toc163250576][bookmark: _Toc163250230][bookmark: _Toc163250311][bookmark: _Toc163250399][bookmark: _Toc163250513][bookmark: _Toc163250545][bookmark: _Toc163250577][bookmark: _Toc163250231][bookmark: _Toc163250312][bookmark: _Toc163250400][bookmark: _Toc163250514][bookmark: _Toc163250546][bookmark: _Toc163250578]
3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	The design alternatives should be assessed to decide for a baseline design approach that results in a feature providing improved performance with reasonable level of complexity.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements
	Solutions based on Alt.1 is supported as the baseline design approach
	Solutions based on Alt. 2 alone are not supported.
	Solutions based on Alt. 3, Alt. 4 and Alt. 5 are not supported.
	Solutions based on Alt. 2 can be considered as complement to Alt. 1 based solutions.
Proposal 2	Support dynamic indication of cancellation of a MG occasion by a bit-field in a DCI format carried by PDCCH as the baseline approach.
	A bit(s) in the cancellation field is associated to a MG occasion(s) starting after the last symbol of the PDCCH carrying the DCI format and indicates whether the MG occasion(s) is cancelled.
	When a MG occasion is indicated cancelled, it should be remained cancelled.
	The first cancellation indication should satisfy a timeline with respect to the cancelled MG occasion(s).
	DCI _1, X_2 and X_3 can be configured with the MG cancellation indication field.
Proposal 3	For dynamic indication for cancellation of a MG (i.e. Alt. 1), support at least the following with respect to the cancellation timeline:
	Tproc1, Tproc2 or exiting UL cancellation timeline can be reused for duration of the MG cancellation timeline.
	The reference for the cancellation timeline is the start of the cancelled MG as the baseline.
	The cancellation timeline should only be satisfied for the first indication of a cancelled MG.
Proposal 4	Consider investigating the following approach as combination of Alt.1 and Alt. 2 design solutions:
	Configured MGs can be indicated enabled or canceled by MAC-CE (Alt. 2).
	(Baseline) when configured MGs are enabled, DCI indication can cancel a MG occasion(s) (Alt. 1).
	(complementary) when configured MGs are canceled, DCI indication can enable a MG occasion(s) (Alt. 1)
Proposal 5	Postpone (but not de-prioritize) discussion on partial cancellation until the baseline design has achieved a good progress. Consider the support of partial cancellation if it can be accommodated as asimple extension of the baseline design.
Proposal 6	The availability of UE assistance information should not be essential for the operation based on the baseline design approach. Therefore, the discussion on UE assistance information should not affect the baseline design progress.
Proposal 7	If the UE assistance information is supported, its availability should provide significant capacity improvement.
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