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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 was continued in the previous meetings and additional progress was made as shown in Appendix. 
In this contribution, we discuss our view on the design topics discussed to support the above feature.
2	Discussions
2.1	Assessment of design alternatives
During RAN1#116 meeting, five design alternatives were identified for supporting the feature as shown in Appendix. These alternatives were further discussed during RAN1#116bis where the discussion resulted in prioritizing the first three alternatives for further discussion. Companies provided details regarding the anticipated solutions for each alternative. The outcome of the discussion with respect to the design alternatives, was summarized with the following agreement that was made during the last meeting:
Agreement (RAN1#116bis)
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: Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· FFS: Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· FFS: Alt 1-3: Implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· FFS: DCI format, DCI content, DCI bit-field size;
· FFS: Whether indication is for one or more occasions;
· FFS: How to consider time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· FFS: Alt 2-1a: gNB sends an activation command to enable pre-configured gap(s)/restriction(s), UE will skip gap(s)/restriction(s) after de-activation command is received.
· FFS: Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.
· FFS: Alt 2-3: Activate/de-activate one or more of pre-configured pattern(s) via MAC-CE to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s);
· FFS: Details of activation/deactivation MAC-CE command 
· FFS: How to consider time offset between activation/deactivation command and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
· FFS: Details of pattern
· FFS: Alt 3-2: Gaps/restrictions skipping is applied to all MG configurations/scheduling restrictions due to all SMTC configurations / RRM measurements, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) / RRM measurement(s) and is conducted in a time-window, and time-windows are derived from a semi-static configuration for their periodicity, offset and duration.
· FFS: Alt 3-3: Gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
· FFS: Alt. 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.

General view on alternative solutions
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: _Toc166257500]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.

We understand semi-persistent and semi-static solutions aim to apply periodic MG patterns that could be utilized for measurements without negatively impacting the XR capacity. Furthermore, we understand such MG patterns would be time persistent without needing to be frequently changed. However, due to that the variation in radio environment, traffic arrival/sizes and mobility for the intended UE as well as other serving UEs, a dynamic solution is best suited to meet the objectives.  
More specifically, we have the following four reasons that motivate dynamic solutions:
· Application packet arrival uncertainty: in reality, traffic arrival is not perfectly periodic due to jitter and exact traffic arrival time is unknown. Although the jitter is not present (e.g., uplink traffic), periodic XR traffic arrival does not always collide with the periodic MG occasion so that semi-static configuration of patterned MG skipping is not needed.  
· Application packet size uncertainty: The application packet size is not fixed and varies over time so that although the packet arrival is before the MG occasion, skipping the next MG may or may not be needed depending on the packet size. For example, the application packet arrives X ms before the next MG but if the packet is short enough and its transmission can be finished within X ms, skipping the MG is not needed. However, the packet size is large enough to need more than Xms, skipping the MG is needed. 
· Scheduling uncertainty: Although the packet arrival from or for a specific user collides with a MG, it does not mean that gNB decides to skip a MG since it may need to prioritize the other user which does not collide with any MG. Note that MG configuration is UE specific so not all users have the same MG occasions. 
· Retransmission uncertainty: Due to dynamic radio and interference conditions, the number of required transmissions needed for a XR frame is a random number that varies over time. If retransmission is needed in a specific MG, it can be indicated to be skipped.

A dynamic solution provides the network with the flexibility needed to improve XR capacity when MG is required to enable UE measurements. This solution can be achieved with minimized specification impact and UE complexity as we discuss next.
[bookmark: _Toc166257501]Due to uncertainty in application packet arrival and size, as well as uncertainty in scheduling a transmission and/or its retransmission, , a dynamic solution provides the network with the flexibility needed to improve XR capacity when a MG is required to enable UE measurements in a particular occasion or being skipped.

In the following we present our view on the alternatives for further down selection based on the principle above.
Views on Alt. 3 based solutions
We discuss in more details the shortcomings of Alt. 3 based approach.
First, in our view, Alt-3-2, Alt-3-3- and Alt 3-4 are different realization of Alt 3-1 where more details on the content of the semi-static configuration and associated behaviors are provided. Our understanding is that the semi-static based approach is considered to be simple by proponents where somehow by proper configuration, whether it is based on configured pattern for skipping (Alt 3-1), where the pattern can be obtained from a configured time window (Alt 3-2), or configured opportunity for traffic arrivals (Alt 3-3), or configured rule to skip or not (Alt. 3-4), the goal of serving XR traffic can be achieved. We understand that this approach is motivated based on the potential knowledge on statistical XR traffic properties, such as the periodicity and offset. We agree with the view that the semi-static based approach is simple from UE perspective; however, considering the traffic and scheduling uncertainty mentioned above, Alt 3 cannot be better than Alt 1. Instead, we also observe various potential risks of Alt 3..
· Since the actual traffic arrival time is statistical with jitter, there is no certainty in advance for presence or absence of the incoming traffic. Hence, deciding in advance to skip or keep a by means of configuration is inefficient. If skipped MG occasions are decided for a longer time period, it either leads to failure in meeting XR requirements or fewer occasions for UE to perform measurements that may impact mobility performance. 
· A UE may experience a poor channel condition and it is preferred to do measurement for potential handover to another cell than being served with the incoming XR traffic. These aspects are not known in advance to the NW to be handled by configuration. Any semi-static based solution would be unnecessarily conservative approach.
· The gNB serves multiple UEs and cannot predict the scheduling situation long in the future to determine a proper configuration that satisfy simultaneously different needs of the multiple UEs.

Therefore, any semi-static approach is simple from UE perspective but inefficient from the NW perspective. In the sense that the expected gains in realistic deployments would be diminished and makes the usefulness of the feature questionable.
Based on the above assessment, we summarize our view on the preferred solutions as the following:
[bookmark: _Toc166257502]Any semi-static approach is simple from UE perspective but inefficient from the NW perspective. Due to the inbuilt uncertainty on the need for utilizing a MG for serving the traffic, determining a proper configuration/pattern/time window that meets the intended objectives is impractical and results in resource wastage and unnecessary complexity.
[bookmark: _Toc165992750][bookmark: _Toc165994119][bookmark: _Toc166092447][bookmark: _Toc165992751][bookmark: _Toc165994120][bookmark: _Toc166092448][bookmark: _Toc166257510]For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements:
· [bookmark: _Toc166257511]Solutions based on Alt. 3 (i.e. Alt. 3-1/2/3/4) are not supported.

Views on Alt. 1 based solutions
We discussed above that the baseline design should be based on dynamic indication. Alt. 1 based solutions are the most dynamic solutions. For Alt. 1, three alternatives were discussed during the last meeting as Alt 1-1, Alt 1-2, and Alt 1-3. In the following, we explain our motivations to consider Alt. 1-1 as the preferred option among these alternatives.
Basically, Alt. 1-1 and Alt 1-2, achieve the same goal. However, Alt 1-1 is simpler than Alt. 1-2. In Alt. 1-2, the UE has to be provided with a set of time windows used for indication. The proper configuration of useful time windows suffers from the similar shortcoming that we have observed for Alt. 3 based solutions, as we explained above. Moreover, if one or multiple measurement gaps are going to be cancelled, they have to fall within an indicated time window by DCI. This way of operation causes unnecessary complications:
· There should be a candidate time window available in the configurations that covers the one or multiple gaps. 
· There should be an offset when the window is applied based on the configuration and/or timing of the DCI and timing of the indicated window being effective. 
· Additional consideration in timing of the DCI or the window duration should be taken into account to ensure the intended gaps are covered.
In addition to the involved complexity for operation based on Alt. 1-2, the scheduling uncertainty cannot guarantee the cancellation of more than one measurement gap that is defined by the window. Although the window indicates more than one measurement gap should be cancelled, the scheduler may not allocate any resource to the same UE from the second measurement gap that falls in the window for skipping. In this case, cancelling several measurement gaps indicated by the window is unnecessary. 
All these, hints towards additional complexity for the operation and unnecessary measurement skipping while the same gaols can be achieved without any of these complexities by Alt 1-1.
With respect to Alt 1-3, the underlying issue is the robustness. As we explain in section 2.2, for Alt. 1-1, the UE can be indicated earlier on skipping a MG. This provides the opportunity to resend the indication if the UE has missed the original indication, and the capability of the feature not to be undermined by a longer timeline if needed. With Alt. 1-3, the success of “implicit indication” cannot be known before the MG that makes the scheme less robust. Moreover, if a long timeline in order of couple of ms would be required to be satisfied, an implicit solution results in restrictions in scheduling and additional delay due to longer timeline requirement.
Based on the above assessment, we summarize our view on the preferred solutions as the following:
[bookmark: _Toc166257503]Among the dynamic solutions under Alt. 1, Alt- 1-1 is the simplest and the most robust and efficient solution. Alt. 1-2 results in unnecessary complexity as compared to Alt. 1-1 without demonstrating additional benefit. Atl. 1-3 is the least robust solution and can potentially results in additional delay in scheduling depending on the required timeline. 

[bookmark: _Toc166257512]For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements:
· [bookmark: _Toc166257513]Solutions based on Alt. 1-1 are supported.
· [bookmark: _Toc166257514]Solutions based on Alt. 1-2 and Alt. 1-3 are not supported.

Views on Alt. 2 based solutions
With respect to solutions based on Alt. 2, we understand that Alt. 2 based solutions can be perceived as dynamic solutions but with a slower pace for dynamicity as compared to Alt. 1 based solutions. We share our view on the specific alternatives.
With respect to Alt. 2-1, our view is that is can be seen as a dynamic solution with additional signaling for deactivation. Considering that activation/deactivation potentially need validation mechanism, we observe this scheme may end up being more conservative and hence resource inefficient as compared to Alt. 1-1. Therefore, from our view, solutions based on Alt. 2-1 can be considered for further study, but it can only be supported if it is proven to be superior towards the Alt. 1-1 solutions.
With respect to Alt. 2-2 and Alt. 2-3, our view is that these solutions achieve the same goal as Alt. 2-1 with additional complexity. Please see our discussion when we shared our views about having a proper configuration/pattern/time window that as it seems simple from UE perspective, but it is a complex task for the network to ensure efficient operation. Operations based on Alt. 2-2 and Alt. 2-3 solutions rely on determining additional patterns on top of the measurement gap patterns where these patterns are designed based on the properties of the XR traffic. Therefore, any pattern or time window being activated/deactivated suffer the shortcoming that was explained for Alt.3. An approach based on these additional patterns introduces additional level of complexity with unknown benefits. This understanding makes us hesitant to consider Alt. 2-2 and Alt. 2-3 solutions instead of Alt. 2-1.
Based on the above assessment, we summarize our view on the preferred solutions as the following:
[bookmark: _Toc166257504]Alt. 2-2 and Alt. 2-3 based solutions achieve the same goals as Alt. 2-1 with additional complexity.
[bookmark: _Toc166257505]Solutions based on Alt. 2-1 can be considered as a dynamic solution, while being more conservative and hence resource inefficient as compared to Alt. 1-1
[bookmark: _Toc166257515]For solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements:
· [bookmark: _Toc166257516]Solutions based on Alt. 2-1 can be considered for further study if it is proven to be superior to Alt. 1-1 based solutions. 
· [bookmark: _Toc166257517]Solutions based on Alt. 2-2 and Alt. 2-3 are not supported.
With respect to Alt. 2-1a, our view is different. In our view, Alt. 2-1a improves the underlying measurement framework. Therefore, it can be beneficial to apply the dynamic solutions on an improved measurement framework to maximize the improvements in serving XR traffic. We explain in the following 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 1, 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 solution  is applied on top to serve the XR traffic. 

[image: ]
[bookmark: _Ref165563235]Figure 1 Illustration of usability of MGs for RRM purposes based on UEs locations in the cell. 
In other words, the operation would be as the following:
· Operation 1 (baseline): Configured MGs are activated (Mode 1 or transition from Mode 2 to Mode 1).  DCI indication can skip a MG occasion(s) for data TX/RX when needed.  
· Operation 2 (complementary): Configured MGs are deactivated (Mode 2 or transition from Mode 1 to Mode 2). DCI indication can activate a MG occasion(s) for RRM 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. 
[bookmark: _Toc163249615][bookmark: _Toc163249618][bookmark: _Toc163249619][bookmark: _Toc163249620][bookmark: _Toc163249621][bookmark: _Toc163249622][bookmark: _Toc163249623]Based on the above assessment, we summarize our view on the preferred solutions as the following:
[bookmark: _Toc166257506]Alt. 2-1a improves the underlying measurement framework. Therefore, it can be beneficial to apply the dynamic solutions on an improved measurement framework to maximize the improvements in serving XR traffic.

[bookmark: _Toc166257518]Consider investigating the following approach as combination of Alt.1-1 and Alt. 2-1a 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: _Toc166257519]Configured MGs can be enabled or canceled by activation commands (i.e. Alt- 2-1a).
· [bookmark: _Toc166257520](Baseline): Configured MGs are activated. Dynamic indication can skip a MG occasion(s) for data TX/RX when needed.  
· [bookmark: _Toc166257521](Complementary): Configured MGs are deactivated. Dynamic indication can activate a MG occasion(s) for RRM when needed.


2.2	Details of preferred baseline design (Alt 1-1)
We discussed above that the baseline design should be based on dynamic indication (i.e. Alt. 1-1). In this section, we discuss in more details the design aspects of the baseline approach.
Agreement (RAN1#116bis)
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: Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· FFS: Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· FFS: Alt 1-3: Implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· FFS: DCI format, DCI content, DCI bit-field size;
· FFS: Whether indication is for one or more occasions;
· FFS: How to consider time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 2:  …
· Alt. 3:  …

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 2 that illustrates the design aspects discussed above.
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[bookmark: _Ref159005291]Figure 2: 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: _Toc166257522]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: _Toc166257523]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: _Toc166257524]When a MG occasion is indicated cancelled, it should be remained cancelled. 
· [bookmark: _Toc166257525]The first cancellation indication should satisfy a timeline with respect to the cancelled MG occasion(s).
· [bookmark: _Toc166257526]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 and Alt.3 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 3. 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: _Toc166257527]For dynamic indication for cancellation of a MG (i.e. Alt. 1), support at least the following with respect to the cancellation timeline:
· [bookmark: _Toc166257528]Tproc1, Tproc2 or exiting UL cancellation timeline can be reused for duration of the MG cancellation timeline.
· [bookmark: _Toc166257529]The reference for the cancellation timeline is the start of the cancelled MG as the baseline. 
· [bookmark: _Toc166257530]The cancellation timeline should only be satisfied for the first indication of a cancelled MG.
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[bookmark: _Ref159013980]Figure 3: 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	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: _Toc166257531]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 a simple 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. 
2.4	On UE assistance information
The following agreement was made during the last meetings regarding UE assistance information. 
Agreement (RAN1#116)
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 (RAN1#116bis)
RAN1 continues to discuss and decide whether or not to introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. At least the following UE assistance information is considered for further study:
· FFS: UE assistance information related to measurement occasions:
· FFS: The number of needed measurement gaps/SMTC with restrictions within a time period; 
· FFS: The maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period;
· FFS: The number of required SSBs within a time period;
· FFS: The number of consecutive RRM measurements that can be skipped;
· FFS: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements;
· FFS: The patterns of gap(s)/restriction(s) where skipping is feasible or acceptable;  
· FFS: UE assistance information related to channel conditions:
· FFS: RSRP is below/above search threshold (s-MeasureConfig);
· FFS: UE assistance information related to traffic:
· FFS: PSI (PDU set importance);
· FFS: UE assistance information related to UE mobility:
· FFS: L3 parameters related to mobility, e.g., static or not
Companies are encouraged to provide additional details (e.g. how often the UE assistance info is provided, timing, applicable scenarios, performance gains, etc) on their preferred scheme.
Note: From specification point of view, there is no mandated gNB behavior in response to any of the UE assistance information. 
RAN1 to make decision, from RAN1 perspective, in RAN1#117 on the support of UE assistance information.


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. This aspect is reflected in the Note of the previous meeting agreement which implies that if the UE assistance information is supported, it should purely be utilized as assistance information without mandating any conditions for operation.
[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]Since the main purpose of dynamic indication is adapting measurement occasion very quickly considering instantaneous scheduling needs, the reporting of such assistance information should be timely and properly triggered. Otherwise, very frequent UE reporting on short-term information will be a big burden to a network. 
Regarding the different types of proposed UE assistance information, our view is as the following. 
With respect to the UE assistance information related to measurement occasions, our view is that different information listed in the agreement, basically can provide the same information that is about the minimum amount of measurement. This type of information can be beneficial since the UE can make the best judgement of channel variation by mobility and how many more or which measurement occasions are important not to be interrupted. However, it is not clear to us if the proposed information provide an input that it is not already supported by the specifications. In our understanding, the measurement delay requirement has already defined in RAN4 spec. TS 38.133 which can be used to understand how many samples UE is needed to perform the measurement. For example in Table 9.3.5-1 below from TS38.133, the minimum number of measurement occasion to fulfill T SSB_measurement_period_inter requirement is 8 for inter-frequency measurement. Similarly for inter-frequency case, there is 5 minimum measurement needed for T SSB_measurement_period_intra  in Table 9.2.5.2-1 of the TS38.133. Thus, it is not clear whether such UE assistance information can provide additional information to network and resulting in significant gain in perofrmance. On this regard, the information regarding UE requirements for valid measurements can be further studied. Even in this case, the UE requirement information for measurements should not mandate gNB to fulfill the requirements.
(TS38.133) Table 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps (FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra



(TS38.133) Table 9.3.5-1: Measurement period for inter-frequency measurements with gaps (Frequency FR1)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(200ms, Ceil(8 * Kgap) ´ Max(MGRP , SMTC period)) ´ CSSFinter



The information related to channel conditions and UE mobility, e.g., RSRP, RSSI, RSRQ, are already largely supported by NR for handover triggering so that a gNB already has a good understanding of UE chancel conditions. It is not so clear if gNB needs any further information to avoid unnecessary a MG cancellation. 
The information related XR traffic has been well discussed in RAN2 in Release 18. The basic statistical information of periodicity and jitters are included in UE assistance information signaled by RRC. In addition, the PSI information is not possible to be signaled by RRC since it varies in every PDU set. The information of UE traffic for supporting dynamic indication is already well available in buffer status report and delay status report from Rel-18. 
Based on the above discussion, we observe the following.
[bookmark: _Toc166257507]If the UE assistance information is supported, its availability should provide significant capacity improvement.
[bookmark: _Toc166257508]UE assistance information related to measurement occasion needs further study. 
[bookmark: _Toc166257509]The statistical UE assistance information related to channel conditions, mobility and XR traffic are already widely available and no further information is needed from RAN1 perspective.  

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.
Observation 2	Due to uncertainty in application packet arrival and size, as well as uncertainty in scheduling a transmission and/or its retransmission, , a dynamic solution provides the network with the flexibility needed to improve XR capacity when a MG is required to enable UE measurements in a particular occasion or being skipped.
Observation 3	Any semi-static approach is simple from UE perspective but inefficient from the NW perspective. Due to the inbuilt uncertainty on the need for utilizing a MG for serving the traffic, determining a proper configuration/pattern/time window that meets the intended objectives is impractical and results in resource wastage and unnecessary complexity.
Observation 4	Among the dynamic solutions under Alt. 1, Alt- 1-1 is the simplest and the most robust and efficient solution. Alt. 1-2 results in unnecessary complexity as compared to Alt. 1-1 without demonstrating additional benefit. Atl. 1-3 is the least robust solution and can potentially results in additional delay in scheduling depending on the required timeline.
Observation 5	Alt. 2-2 and Alt. 2-3 based solutions achieve the same goals as Alt. 2-1 with additional complexity.
Observation 6	Solutions based on Alt. 2-1 can be considered as a dynamic solution, while being more conservative and hence resource inefficient as compared to Alt. 1-1
Observation 7	Alt. 2-1a improves the underlying measurement framework. Therefore, it can be beneficial to apply the dynamic solutions on an improved measurement framework to maximize the improvements in serving XR traffic.
Observation 8	If the UE assistance information is supported, its availability should provide significant capacity improvement.
Observation 9	UE assistance information related to measurement occasion needs further study.
Observation 10	The statistical UE assistance information related to channel conditions, mobility and XR traffic are already widely available and no further information is needed from RAN1 perspective.

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. 3 (i.e. Alt. 3-1/2/3/4) are not supported.
Proposal 2	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. 1-1 are supported.
	Solutions based on Alt. 1-2 and Alt. 1-3 are not supported.
Proposal 3	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. 2-1 can be considered for further study if it is proven to be superior to Alt. 1-1 based solutions.
	Solutions based on Alt. 2-2 and Alt. 2-3 are not supported.
Proposal 4	Consider investigating the following approach as combination of Alt.1-1 and Alt. 2-1a design solutions:
	Configured MGs can be enabled or canceled by activation commands (i.e. Alt- 2-1a).
	(Baseline): Configured MGs are activated. Dynamic indication can skip a MG occasion(s) for data TX/RX when needed.
	(Complementary): Configured MGs are deactivated. Dynamic indication can activate a MG occasion(s) for RRM when needed.
Proposal 5	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 6	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 7	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 a simple extension of the baseline design.
References
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Appendix
In the following, the agreements and conclusions made in the previous meetings are listed.
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.
RAN1#116bis
Agreement
Confirm the working assumption from RAN1 #116 with updates:
· 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.
· It is up to RAN4 to discuss which type of gaps/restrictions caused by RRM measurements can be cancelled/skipped
· Note: UE features related to the developed solution(s) is a separate discussion

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: Alt 1-1: Explicit indication by DCI to skip a particular gap(s)/restriction(s); 
· FFS: Alt 1-2: Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s);
· FFS: Alt 1-3: Implicit indication by DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) to skip the gap(s)/restriction(s);
· FFS: DCI format, DCI content, DCI bit-field size;
· FFS: Whether indication is for one or more occasions;
· FFS: How to consider time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· FFS: Alt 2-1: gNB sends a skipping activation command, UE will skip gaps/restrictions until de-activation command is received.
· FFS: Alt 2-1a: gNB sends an activation command to enable pre-configured gap(s)/restriction(s), UE will skip gap(s)/restriction(s) after de-activation command is received.
· FFS: Alt 2-2: RRM measurement adaptation is applied to all MG configurations/scheduling restrictions due to all SMTC configurations, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) and is conducted in a time-window, and time-windows are derived from a semi-persistent configuration activation for their periodicity, offset and duration.
· FFS: Alt 2-3: Activate/de-activate one or more of pre-configured pattern(s) via MAC-CE to indicate occasions where Tx/Rx is prioritized over gap(s)/restriction(s);
· FFS: Details of activation/deactivation MAC-CE command 
· FFS: How to consider time offset between activation/deactivation command and start of gap(s)/restriction(s) occasion that is going to be skipped.
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· FFS: Alt 3-1: Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions;
· FFS: Details of pattern
· FFS: Alt 3-2: Gaps/restrictions skipping is applied to all MG configurations/scheduling restrictions due to all SMTC configurations / RRM measurements, or is applied to selected MG configuration(s) and/or scheduling restrictions due to selected SMTC configuration(s) / RRM measurement(s) and is conducted in a time-window, and time-windows are derived from a semi-static configuration for their periodicity, offset and duration.
· FFS: Alt 3-3: Gaps/restrictions that are caused by RRM measurements are skipped if collided with particular semi-statically pre-configured Tx/Rx occasions.
· FFS: Alt. 3-4: Gaps/restrictions that are caused by RRM measurements are skipped based on semi-statically configured priority information for particular semi-statically pre-configured Tx/Rx and/or particular gaps/restrictions.

Agreement
RAN1 continues to discuss and decide whether or not to introduce new UE assistance information for solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. At least the following UE assistance information is considered for further study:
· FFS: UE assistance information related to measurement occasions:
· FFS: The number of needed measurement gaps/SMTC with restrictions within a time period; 
· FFS: The maximum number or ratio of MGs/SMTC with restrictions that can be skipped within a time period;
· FFS: The number of required SSBs within a time period;
· FFS: The number of consecutive RRM measurements that can be skipped;
· FFS: The maximum interval between two consecutively reserved gap/restriction occasions for RRM measurements;
· FFS: The patterns of gap(s)/restriction(s) where skipping is feasible or acceptable;  
· FFS: UE assistance information related to channel conditions:
· FFS: RSRP is below/above search threshold (s-MeasureConfig);
· FFS: UE assistance information related to traffic:
· FFS: PSI (PDU set importance);
· FFS: UE assistance information related to UE mobility:
· FFS: L3 parameters related to mobility, e.g., static or not
Companies are encouraged to provide additional details (e.g. how often the UE assistance info is provided, timing, applicable scenarios, performance gains, etc) on their preferred scheme.
Note: From specification point of view, there is no mandated gNB behavior in response to any of the UE assistance information. 
RAN1 to make decision, from RAN1 perspective, in RAN1#117 on the support of UE assistance information.
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PDCCHZ2 after the timeline and within the cancelled MG.




