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1. Introduction
Regarding XR enhancements, the following Objectives are in the Rel-19 WID:


The Rel-19 XR ph3 objectives are as follows:
· Study and if justified, specify aspects related to multi-modality (intra-UE) (with coordination with SA2/SA4 as needed by LS request). Aim to facilitate efficient and effective support for XR application with Multiple QoS flows with multi-modal inter-dependencies, meeting multi-modal QoS requirements, e.g. synchronization and/or coordination. Efficiency enhancements are expected to be visible in terms of capacity or power consumption. [RAN2]. 
· Note: Check in RAN#105 (check also other WG involvement if needed).
· 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]
· Specify Enhancements for Scheduling, as follows: 
· For the UL, Study and if justified, Specify enhancements using delay/deadline information, for support of UL scheduling to enable high XR capacity while meeting delay requirements/avoiding too late PDUs. [RAN2].
· Note: LCP implementation complexity need to be taken into account when evaluating solutions.
· Note: Check in RAN#105
· Specify the following user plane enhancements [RAN2]
· RLC re-transmission related enhancements for operation of RLC Acknowledged Mode (AM) with small packet delay budget. 
· If justified, define a mechanism for transmitter to inform the receiver of SN gap (or missing SNs) in PDCP.
· Specify Core requirements related to the above objectives as necessary [RAN4]

Note: 	Whether / to what extent network exposure / RAN awareness / e.g. RAN involved rate control, possibly additional info for DL scheduling, parallel with SA2 work, shall be covered in this WI is TBD.


At RAN1 #116, the following agreements/working assumption were reached:


Agreement-1
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-2
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-3:
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
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 provide our views on the Rel-19 XR enhancements. 
RRM measurement adaption
XR traffic or certain data flows in XR traffic can be latency-sensitive. During measurement gap and/or scheduling restriction, transmission and/or reception of XR traffic can be disrupted due to that. Thus there might be a need to avoid such disruption as captured in the WID:

This WI aims to realize system capacity gains by enabling transmission/reception in gaps/restrictions that are caused by RRM measurements, while keeping impact to mobility performance limited. This was studied in TR 38.835 B.1.7. 



	          Excerpt from TR 38.835 (Rel-18 XR study)
B.1.7	Scheduling restrictions due to RRM measurements
This clause captures the capacity performance evaluation results with and without intra- and inter frequency RRM measurement restrictions. Scheduling restrictions apply for the UEs during time-intervals where it is performing intra-frequency RRM measurements at FR2, or gap assisted inter-frequency RRM measurements. Such scheduling restrictions does not allow to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS. When XR frame arrival collides with RRM measurements, the XR frame will be delayed for the duration of SMTC window or measurement gap (MG).
The performance with SMTC/MG scheduling restrictions (scheme 7.2 and 7.4 in Table B.1.7-1 and Table B.1.7-2) has been compared against no SMTC/MG scheduling restrictions as well as with adaptation of MG period. Particularly, the following schemes have been evaluated:
-	Scheme 7.1: Without SMTC scheduling restrictions. In this scheme, no scheduling restrictions for FR2 intra-frequency measurements were assumed. This can be realized via gNB-2-UE signalling to configure the UE with time-mask where it shall always prioritize PDCCH/PDSCH decoding and/or PUSCH transmission in line with XR traffic, even if colliding with SMTC windows. Alternatively, the UE-to-gNB signalling to make the gNB scheduler aware of when s-MeasureConfig induced scheduling restrictions apply could be applied.
-	Scheme 7.2: With SMTC scheduling restrictions. In this scheme, scheduling restrictions every 20 ms time period for an SMTC window of 5 ms for FR2 intra-frequency measurements were assumed. In case the SMTC windows with scheduling restrictions collide with time periods where the gNB would need to schedule the XR transmission, XR frame transmission will be delayed.
-	Scheme 7.3: No scheduling restrictions during measurement gap. In this scheme, no scheduling restrictions during measurement gap for inter-frequency measurements were assumed.
-	Scheme 7.4: With scheduling restrictions during measurement gap. In this scheme, scheduling restrictions for the duration of measurement gap length of 6 ms are applied. Measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). In case the MG with scheduling restrictions collide with time periods where the gNB would need to schedule the XR transmission, XR frame transmission will be delayed.
-	Scheme 7.5.1: Adaptation of MG period. The MG period is adapted to be 2 times when PCell RSRP is 2dB better than the best neighbour cell and 4 times when PCell RSRP is 4dB better than the best neighbour cell. The UE speed is 30km/h.
-	Scheme 7.5.2 Adaptation of MG period. The MG period is adapted to be 4 times when PCell RSRP is 2dB better than the best neighbour cell and 8 times when PCell RSRP is 4dB better than the best neighbour cell. The UE speed is 30km/h.

We can observe:
· On SMTC scheduling restriction: 
· Scheme 7.2 provides an evaluation on the baseline performance with SMTC scheduling restriction. 
· Scheme 7.1 provides an evaluation for the case where SMTC scheduling restriction is removed. Two candidate solutions are proposed:
· gNB-to-UE signaling to prioritize PDCCH/PDSCH/PUSCH.
· UE-to-gNB signaling to bring awareness to gNB regarding RRM measurement.
· On measurement gap:
· Scheme 7.4 provides an evaluation on the baseline performance with measurement gap.
· Scheme 7.3 provides an evaluation for the case where measurement gap is skipped. 
· Schemes 7.5.1 and 7.5.2 provide evaluations for the cases where the GP period is adapted to the difference between PCell RSRP and best neighbor cell RSRP.
From the discussion, it seems there can be multiple ways to enable RRM measurement adaptation according to XR traffic. One question on simulation evaluation was raised at the online discussion of RAN1 #116. It should be clear the evaluation methodology of Rel-17/Rel-18 XR study items does not cover RRM measurement at all, the evaluations on RRM measurement adaptation were volunteered by individual companies. We have
Observation: there is no RAN1 agreement on RRM measurement adaptation evaluation methodology. 

A measurement gap (MG) can be per-UE MG, per-frequency range MG, or other MGs as supported by gapToAddModList-r17. Measurement gap(s) are provided by RRC signaling: 

MeasGapConfig ::= SEQUENCE {
   gapFR2 SetupRelease { GapConfig } OPTIONAL, -- Need M
   ...,
   [[
   gapFR1 SetupRelease { GapConfig } OPTIONAL, -- Need M
   gapUE SetupRelease { GapConfig } OPTIONAL-- Need M
   ]],
   [[
   gapToAddModList-r17 SEQUENCE (SIZE (1..maxNrofGapId-r17)) OF GapConfig-r17 OPTIONAL, -- Need N
   gapToReleaseList-r17 SEQUENCE (SIZE (1..maxNrofGapId-r17)) OF MeasGapId-r17 OPTIONAL, -- Need N
   posMeasGapPreConfigToAddModList-r17 PosMeasGapPreConfigToAddModList-r17 OPTIONAL, -- Need N
   posMeasGapPreConfigToReleaseList-r17 PosMeasGapPreConfigToReleaseList-r17 OPTIONAL-- Need N
   ]]
   
}

GapConfig-r17 ::= SEQUENCE {
   measGapId-r17 MeasGapId-r17,
   gapType-r17 ENUMERATED {perUE, perFR1, perFR2},
   gapOffset-r17 INTEGER (0..159),
   mgl-r17 ENUMERATED {ms1, ms1dot5, ms2, ms3, ms3dot5, ms4, ms5, ms5dot5, ms6, ms10, ms20},
   mgrp-r17 ENUMERATED {ms20, ms40, ms80, ms160},
   mgta-r17 ENUMERATED {ms0, ms0dot25, ms0dot5, ms0dot75},
   refServCellIndicator-r17 ENUMERATED {pCell, pSCell, mcg-FR2} OPTIONAL, -- Cond NEDCorNRDC
   refFR2-ServCellAsyncCA-r17 ServCellIndex OPTIONAL, -- Cond AsyncCA
   preConfigInd-r17 ENUMERATED {true} OPTIONAL, -- Need R
   ncsgInd-r17 ENUMERATED {true} OPTIONAL, -- Need R
   gapAssociationPRS-r17 ENUMERATED {true} OPTIONAL, -- Need R
   gapSharing-r17 MeasGapSharingScheme OPTIONAL, -- Need R
   gapPriority-r17 GapPriority-r17 OPTIONAL, -- Need R
   ...
}

MUSIM-GapConfig-r17 ::= SEQUENCE {
   musim-GapToReleaseList-r17 SEQUENCE (SIZE (1..3)) OF MUSIM-GapId-r17 OPTIONAL,-- Need N
   musim-GapToAddModList-r17 SEQUENCE (SIZE (1..3)) OF MUSIM-Gap-r17 OPTIONAL,-- Need N
   musim-AperiodicGap-r17 MUSIM-GapInfo-r17 OPTIONAL, -- Need N
   ...
}
MUSIM-Gap-r17 ::= SEQUENCE {
   musim-GapId-r17 MUSIM-GapId-r17,
   musim-GapInfo-r17 MUSIM-GapInfo-r17
}


PosGapConfig-r17 ::= SEQUENCE {
   measPosPreConfigGapId-r17 MeasPosPreConfigGapId-r17,
   gapOffset-r17 INTEGER (0..159),
   mgl-r17 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},
   mgrp-r17 ENUMERATED {ms20, ms40, ms80, ms160},
   mgta-r17 ENUMERATED {ms0, ms0dot25, ms0dot5},
   gapType-r17ENUMERATED {perUE, perFR1, perFR2},
   ...
}













































A MG configuration provides a periodic pattern derived from parameters provided in RRC signaling: 
· MGL (measurement gap length): the length of MG in milliseconds.
· MGRP (measurement gap repetition period): indicates the periodicity at which the MG is repeated.
· MGTA (measurement gap timing advance): indicates the timing advance of the MG. The UE can assume the MG starts MGTA milliseconds earlier with respect to the subframe timing.
· gapOffset: indicates the slot offset of the MG pattern. Its value range is from 0 to MGRP-1.
· The UE calculates the SFN and subframe number of the first subframe for each gap.

SS/PBCH block measurement timing configuration (SMTC) can be configured by a number of IEs in RRC signaling including SSB-MTC, SSB-MTC2, SSB-MTC2-LP-r16, SSB-MTC3-r16, SSB-MTC4-r17, SSB-MTC-AdditionalPCI-r17, etc.
In one example, SSB-MTC is configured as:
SSB-MTC ::= SEQUENCE {
   periodicityAndOffset CHOICE {
      sf5 INTEGER (0..4),
      sf10 INTEGER (0..9),
      sf20 INTEGER (0..19),
      sf40 INTEGER (0..39),
      sf80 INTEGER (0..79),
      sf160 INTEGER (0..159)
      },
   duration ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
} 













Period, Offset and duration are provided in defining a periodic pattern for SMTC. 

Prior to Rel-17,  up to 2 MGs can be configured for a UE:
· gapUE or { gapFR1 and/or gapFR2}

In Rel-17, measurement gaps can be configured through new IEs:
· GapConfig-17 provides a MG configuration which is a ncsg (Network Controlled Small Gap)(ncsgInd-r17=true));
· GapConfig-17 provides a MG configuration which is a preconfigured MG ( preConfigInd-r17==true);
· A MG configuration which is neither ncsg nor a preconfigured MG;
· A MUSIM gap
· A positioning gap

From the working assumption taken in RAN1 #116,

  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.

At RAN1 #117, there were further discussions and the following was agreed:

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


One way to develop a RAN1 solution without touching the exact nature of measure gaps is to index various MG configurations, and the adaptation to their operations is through reference to MG configuration indices. One example is provided below. It should be noted from Figure 2 what is allowed by RAN4 specification (TS 38.133) can be more restrictive than what is allowed by RAN2 specification TS 38.331.  To reduce signaling overhead, it may be possible to consider restrictions from TS 38.133, to obtain a shorter list. However, to simplify the design, and also achieve an agonistic design, the table as shown in Figure 1 is more desirable. 









Figure 1 Index of measurement gaps
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Figure 2 Restriction on simultaneously configured MGs from TS 38.133
We have 

Proposal 1: To facilitate adaptation of legacy MGs, Network Controlled Small Gaps, MGs for multi-SIM, MGs for positioning with a unified signaling design, MGs can be indexed. A MG index set consists of one or more MG index, MGs referred by a MG index set can be skipped through a single NW indication.  

Proposal 1a:  A MG index set consists of one or more MG index, MGs referred by a MG index set can be skipped through a single NW indication.  

Agreement-2
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-3:
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.



For the RRM measurement adaptation, several design aspects need to be decided:
1. Initiation of adaptation:
a. Alt. 1.a: the adaptation is through triggering by network via gNB-to-UE signaling 
i. If triggering by network via gNB-to-UE signaling is supported, whether UE assistance information is supported? 
b. Alt. 1.b:  UE autonomous adaptation
i. UE assistance information may be needed
2. Prioritization of channels/signals versus De-prioritization/adaptation of MG and/or SMTC scheduling restriction
a. A protection time window mechanism (Type-1 time window)
i. During a protection time window, eligible channel(s)/signal(s) are prioritized over RRM measurement.
ii. The protection time window can be over the duration of a specific channel/signal or over a time interval  which may have a duration not fully aligned a specific eligible channel/signal.
iii. It can be noted protection time window(s) can be provided in periodic configuration, semi-persistent configuration or MAC-CE or dynamic signaling.
b. A de-prioritization time window mechanism (Type-2 time window)
i. During a de-prioritization time window, a MG instance, a scheduling restriction instance is de-prioritized.  
ii. A de-prioritization time window can be MG or scheduling restriction specific. As a UE can be configured with multiple MGs and/or SMTC (thus corresponding scheduling restriction), e.g., per-UE MG, per-FR (Frequency Range) MGs, gap configuration configured through gapToAddModList-r17 under MeasGapConfig, or by SSB-MTC, etc.,  a de-prioritization time window can be associated with one or more of them. In one example, a de-prioritization time window configuration is for per-FR1 MG, an instance of the per-FR1 MG enclosed by the de-prioritization time-window is skipped or de-prioritized, and other MGs are not affected thus not skipped. In another example, a periodic pattern is tied with a specific MG or a specific SMTC configuration to provide de-prioritization time windows.
1. Alt. 2b.1.   skip all MG/SMTC occasions  within the time window. 
2. Alt. 2b.2    skip  MG/SMTC occasions for specific configuration(s) within the time window. The prescribed configurations can be RRC configured/MAC CE indicated to a code state (or a single bit in a DCI). With Alt. 2, the MG/SMTC configurations not linked to the code state are not skipped over.
iii. It can be noted de-prioritization time window(s) can be provided in periodic configuration, semi-persistent configuration or MAC-CE or dynamic signaling.
c. Hybrid mechanism
i. It may be also possible two mechanisms are both activated simultaneously. 
d. Thus, the adaptation to prioritize Tx/Rx for XR over RRM measurements can be supported by protection time window mechanism, de-prioritization time window mechanism, or a hybrid mechanism. Then we can use the term “time window” to cover both “protection time window” and “de-prioritization time window”.
3. Time-domain property of adaptation:
a. Whether the adaptation is periodic, semi-persistent or aperiodic.
b. 
4. Time unit for adaptation (protection and/or de-prioritization):
a. Alt. 4.a: duration of/covering a measurement duration such as a MG instance or scheduling restriction due to a SMTC window, e.g., the duration of per-UE MG (gap length “mgl” of per-UE GapConfig) for the de-prioritization time-window mechanism.  
b. Alt. 4.b: duration over a time-window  
c. Handling of partial overlap between a time-window and one instance of MG/scheduling restriction, e.g., Adjusting a time-window by expanding or contracting.
d. Handling of partial overlap between a time-window and a channel/signal

5. Impact to processing timeline
6. Impact to CSI reporting
7. Impact to RRM measurement for which RAN4 discussion is required.  

The RRM measurement adaptation can be pursued in two approaches: in the first approach, channels/signals are prioritized over RRM measurement, MG and/or SMTC scheduling restriction is overridden, the design is mainly about specifying procedure/signaling to derive prioritized channels/signals. This is covered by the protection time-window mechanism (Type-1 time-window).

In the second approach, MG and/or SMTC scheduling restriction are adapted, and the design is about specifying procedure/signaling to switching off temporarily or adapting MG and/or SMTC scheduling restriction. This is covered by the de-prioritization time-window mechanism (Type-2 time-window).


The signaling can be periodic, semi-persistent or dynamic signaling by DCI, e.g., including one DCI field or code state in DCI field(s) to signal a time window within which channels/signals are prioritized. 

For XR traffic, e.g., video stream at 60 frames per second, when the traffic jitter is small, the arrival of XR packets can be predictable, and a time-window (Type-1 time-window or Type-2 time-window) can be allocated to enclose the expected traffic arrival and potential retransmissions including the required PDCCH/PUCCH, and within the time-window, RRM measurement adaptation is conducted. And the time-window is a periodic time-window or a semi-persistent time-window. The time-window can be parametrized by {period, offset, duration}. The period can be in the units of slots or milliseconds. It may be also desirable to support non-integer periodicity as a ratio of two integers for the time-window, e.g., 50/3, 100/9 or 25/3 milliseconds to handle video streams at 60/90/120 frames per second. Note such non-integer periodicity can be used for both protection time-window mechanism and de-prioritization time-window mechanism.


[image: ]
Figure 3 Periodic/semi-persistent configuration for RRM measurement adaptation
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Figure 4 Time-window for RRM measurement adaptation (Choice 1)

A periodic time-window (Type-1 time-window or Type-2 time-window) can be configured/activated by RRC signaling. A semi-persistent time-window can be configured by RRC signaling and activated by MAC CE an/or DCI. When DCI is used, one or more trigger state is linked to activation of one time-window configuration or the activation of one or more out of multiple time-window configurations.

If a time-window is periodic or semi-persistent, it may not be always possible to avoid partial enclosure of MG/SMTC scheduling restriction by the time-window. In the illustration, MG-2/SMTC-1 are partially covered by the time-window; thus it may be necessary to define a rule to derive an effective time window. In one choice, the time-window is enlarged by the overlapped MG and/or SMTC scheduling restriction (Figure 1). In another choice, the time-window is shrunken by the overlapped MG and/or SMTC scheduling restriction (Figure 2).

[image: ]
Figure 5 Time-window adaptation (Choice 2)

It is also necessary to handle channels/signals which partially overlap with the (effective)-time window. In one choice, only a channel and/or a signal which is fully enclosed by (effective)-time window is eligible for prioritization. In another choice, a channel and/or a signal which has any overlap with the (effective)-time window is eligible for prioritization.

Considering multiple data flows for XR, multiple time-window configurations, e.g., each time-window configuration for a XR data flow can be motivated. They can have the same time-domain property (periodic, semi-persistent, or dynamic), or of different time-domain property. They can be Type-1 time-windows, or Type-1 time-windows, or Type-1/Type-2 time-windows.

It can be noted with periodic/semi-persistent time window, both dynamic transmission/reception (DG PDSCH and DG PUSCH) and configured transmission/reception (any or all of SPS PDSCH, CG PUSCH, periodic/semi-persistent CSI-RS, periodic/semi-persistent SRS) can benefit from prioritization. 

We have

Proposal-2: Support Alt 2-2 within the semi-persistent solutions and Alt. 3-2 within the semi-static solutions. And with a periodic or semi-persistent configuration, a time-window period, a time-window offset and time-window duration are provided to derive time windows.  

Proposal-3: To support multiple data flows, one or more semi-persistent configurations can be activated. 

Proposal-4: To support multiple data flows, one or more semi-static configurations can be activated.

Proposal-5: Proposal 4: support non-integer periodicity for periodic configuration/semi-persistent configuration targeting RRM measurement gap adaptation (skipping).


If a time-window is signaled dynamically by a scheduling DCI (e.g., 0_1/1_1, 0_2/1_2) or non-scheduling DCI (e.g., 2_X), a UE may need to have a lead time to decide whether potential RRM measurement can be performed, or channels/signals are to be prioritized. 
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Figure 6 Min-gap



We have 

Proposal 6: Discuss and decide the handling of partial overlap of MG/scheduling restriction with a time-window.

Proposal 7: the minimum time gap between the end of a PDCCH indicating time-window and the start of the time-window is non-zero; and its duration can be a UE capability.

While the final say for adaptation should come from NW to ensure common understanding between UE and NW, a UE can optionally provide assistance information to facilitate the adaptation.

We have 

Proposal 8: a UE may provide assistance information to NW to facilitate enabling Tx/Rx for XR. 

Details on L1 restriction
In TS 38.214, regarding CSI reference resource determination, a so-called “valid downlink slot” is defined. A valid downlink slot cannot be inside a measurement gap. Now with the skipping/adaptation of measurement gap, whether a slot which is not a “valid downlink slot” previously due to its overlap with a measurement gap is changed into a “valid downlink slot” needs to be discussed and decided.

We have 

Proposal 9: When a slot is designated as not a “valid downlink slot” due to overlap with a configured measurement gap occasion, and that measurement gap occasion is skipped due to RRM measurement adaptation for XR,   for the basic UE feature supporting RRM measurement adaptation, the slot is not converted into a “valid downlink slot” and the slot may be eligible to be designated as “valid downlink slot” subject to UE capability. 



Conclusion
In this contribution, we discuss enabling Tx/Rx for XR, we have 

Observation: there is no RAN1 agreement on RRM measurement adaptation evaluation methodology. 

Proposal 1: To facilitate adaptation of legacy MGs, Network Controlled Small Gaps, MGs for multi-SIM, MGs for positioning with a unified signaling design, MGs can be indexed. A MG index set consists of one or more MG index, MGs referred by a MG index set can be skipped through a single NW indication.  

Proposal 1a:  A MG index set consists of one or more MG index, MGs referred by a MG index set can be skipped through a single NW indication.  

Proposal-2: Support Alt 2-2 within the semi-persistent solutions and Alt. 3-2 within the semi-static solutions. And with a periodic or semi-persistent configuration, a time-window period, a time-window offset, and time-window duration are provided to derive time windows.  

Proposal-3: To support multiple data flows, one or more semi-persistent configurations can be activated. 

Proposal-4: To support multiple data flows, one or more semi-static configurations can be activated.

Proposal-5: Proposal 4: support non-integer periodicity for periodic configuration/semi-persistent configuration targeting RRM measurement gap adaptation (skipping).

Proposal 6: Discuss and decide the handling of partial overlap of MG/scheduling restriction with a time-window.

Proposal 7: the minimum time gap between the end of a PDCCH indicating time-window and the start of the time-window is non-zero; and its duration can be a UE capability.

Proposal 8: a UE may provide assistance information to NW to facilitate enabling Tx/Rx for XR. 

Proposal 9: When a slot is designated as not a “valid downlink slot” due to overlap with a configured measurement gap occasion, and that measurement gap occasion is skipped due to RRM measurement adaptation for XR,   for the basic UE feature supporting RRM measurement adaptation, the slot is not converted into a “valid downlink slot” and the slot may be eligible to be designated as “valid downlink slot” subject to UE capability. 

Reference 

1. [bookmark: _Ref142942873]R1-2306379,	LS on new DRX cycles in rational numbers, RAN2, Qualcomm, Rel-18	NR_XR_enh-Core, To: RAN1, RAN4	
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Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent
measurement gap patterns and independent measurement gap patterns

Gap The number of simultaneous configured

Combination measurement gap patterns

Configuration

Id Per-FR1 Per-FR2 Per-UE

measurement | measurement | measurement
gap gap gap

0 2 1 0

1 1 2 0

2 0 0 2
3Note1 1 0 1
gNote 1 0 1 1
5Note1 1 1 1

6 2 0 0

7 0 2 0

Note 1:  Gap Combination Configuration Id #3, #4, #5 will be only
applied when the per-UE measurement gap is associated
to measure PRS for any RSTD, PRS-RSRP, UE Rx-Tx
time difference and PRS-RSRPP measurement defined in
TS 38.215 [4].

Note 2:  In Gap Combination Configuration Id #0, #1, #6, #7, one
per-FR measurement gap in an FR can be associated to
measure PRS for any RSTD, PRS-RSRP, UE Rx-Tx time
difference and PRS-RSRPP measurement defined in TS
38.215 [4] provided that UE supports
independentGapConfigPRS-r17
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