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1 Introduction
For RAN Rel-19, a new WID has been approved in RAN#102 with the following area: multi-modality, enhancements to enable transmission/reception in gaps/restrictions caused by RRM measurements, enhancements for scheduling, user plane enhancements and so on. The RAN1 lead objective in Rel-19 XR phy3 objectives is as follows:
	(Copied from RP-234057 [1])
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective that RAN1 lead in Rel-19 XR ph3 objectives is as follows:
· 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]


In this contribution, we continue to discuss our view on the solutions to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements, including dynamic indication, semi-persistent solution, semi-static solution and UE assistance information. 
2 Discussions
Solutions to enable Tx/Rx for XR during RRM measurements 
According to the agreements in RAN1 #116bis meeting, solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements are down-selected [2]. The details of solutions in the agreements and their pros and cons will be discussed in the following subsections. 
[bookmark: _Ref162527508][bookmark: _Ref162022429]Analysis of alternatives 
In the last RAN1 meeting, solutions based on triggering/enabling by network signaling to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements are down-selected into three alternatives, including dynamic indication, semi-persistent solution and semi-static solution.
· Alt.1: Dynamic indication:
	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. 
· …
· Alt. 3: Semi-static solution to enable TX/RX in gaps/restrictions that are caused by RRM measurements.
· …



A straightforward solution to relax the scheduling restrictions caused by RRM measurements is introducing a dynamic signalling to cancel scheduling restrictions and enable UE to transmit/receive on the gaps/restricted symbols. 
We support Alt 1-2, where gNB can send a DCI indicating a time window and the RRM measurements within this time window are cancelled/skipped to enable TX/RX in gaps/restrictions that are caused by RRM measurements. An example of skipping the measurement gaps within a time window through DCI is shown in Figure 1 . The time window contains two RRM measurements and a DCI indicates to skip these two RRM measurements. Time window size can be RRC configured. If only parts of RRM measurements occasion are contained in the time window, the whole RRM measurements occasion are skipped for simplicity.
[image: ]
Figure 1. Illustration of cancelling/skipping the measurement gaps within a time window through dynamic signaling
Alt 1-2 is similar to R17 PDCCH skipping feature. In R17 PDCCH skipping feature, the DCI size is configured by higher layer parameter sizeDCI-2-6. A new DCI format 2-6 is utilized to skip PDCCH and the DCI content is designed as follows. 
	[From Clause 10.4 in TS 38.213]
A UE can be provided a set of durations by pdcch-SkippingDurationList for PDCCH monitoring on an active DL BWP of a serving cell and, ...
If the field has 1 bit and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets or USS sets on the active DL BWP of the serving cell
-	a '0' value for the bit indicates no skipping in PDCCH monitoring
-	a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
If the field has 2 bits and for PDCCH monitoring by the UE according to Type3-PDCCH CSS sets or USS sets on the active DL BWP of the serving cell
-	a '00' value for the bits indicates no skipping in PDCCH monitoring 
-	a '01' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
-	a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations
-	a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the third value in the set of durations, if any; otherwise, if the set of durations includes two values, a use of the '11' value is reserved



Similarly, this mechanism can be adopted in Alt 1-2. A new DCI format can be designed to skip RRM measurements caused gaps/restrictions within a window. The DCI may contain 1 or 2 bits and indicates different length of time window. The DCI field size and the length of time window are configured by RRC. For example, if the DCI field has 1bit and a ‘0’ value for the bit indicates no skipping in RRM measurements with gaps/restrictions and a '1' value for the bit indicates skipping RRM measurements with gaps/restrictions within a time window. If the DCI field has 2bits and a ‘00’ value for the bits indicates no skipping in RRM measurements with gaps/restrictions, ‘01’, ‘10’, ‘11’ values for the bits indicates skipping RRM measurements with gaps/restrictions within different length of time windows. The length of time windows is configured by higher layer parameter.
In Alt 1-3, DCI scheduling a transmission/reception overlapping with a gap(s)/restriction(s) implicitly indicates the UE to skip the gap(s)/restriction(s). If current scheduling DCI is reused, UE cannot know whether the DCI is scheduling a delay-critical traffic or a delay non-critical traffic. If the latter case happens, skipping RRM measurement does not make sense and cause RRM measurement performance loss.
Compared with Alt 1-1 where DCI indicates each gap/restriction separately, DCI indicating a time window (Alt 1-2) can reduce signalling overhead. Assume there are different types of RRM measurements to skip within a time window, for example the SSB-based measurements and CSI-RS bases measurements, an illustrated in Figure 2. Assume all 6 measurement occasions overlapping with 1st yellow box need to be skipped. If only 1 bit is included in DCI in Alt 1-1 and Alt 1-2, then Alt 1-1 needs to send DCI multiple times, and Alt 1-2 can send DCI only once with a properly configured window length. 
[image: ]
[bookmark: _Ref166006552]Figure 2. Illustration of cancelling/skipping different types of measurement gaps
· On “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.”
Considering UE processing delay, there should a time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped. The value of this time offset can take N2 in R17 Positioning as baseline, and RAN1 can send LS to RAN4 to further check.
In Rel-17 Positioning, the priority of DL PRS and the priority of scheduling data are compared before the DL PRS processing window to determine whether to measure PRS or not. The priority of scheduling data is carried on the scheduling DCI. The value of , which means the PUSCH preparation time in Clause 6.4 of TS 38.214, is used in the determination of the PRS measurements. 
	[From Clause 5.1.6.4 in TS 38.214]
When the UE has an activated DL PRS processing window with type1A or type1B and the UE determines the presence of other DL signals and channels, except SSB, of higher priority than the DL PRS in the DL PRS processing window later than N2 symbols, defined in clause 6.4 for the subcarrier spacing  of the DL PRS, before the first symbol of the DL PRS processing window, the UE is not required to receive the other DL signals and channels and may receive the DL PRS and consider the DL PRS as higher priority in the DL PRS processing window.



[image: ]
Figure 3. Illustration of time offset between the end of received dynamic indication and start of gap(s)/restriction(s)
[bookmark: _Ref166163649]Proposal 1: In Alt 1 (Dynamic indication), the time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped shall be larger than X, e.g., X could be equal to PUSCH preparation time N2 as defined in Clause 6.4 of TS 38.214. RAN1 sends LS to RAN4, and ask RAN4 to decide the exact value of X.
· Alt. 3: Semi-static solution:
	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. 
· …
· Alt. 2: Semi-persistent solution to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements. 
· …
· 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.



As XR is periodic traffic, semi-static solution can be utilized to enable TX/RX in gaps/restrictions that are caused by RRM measurements. 
We support Alt 3-1, where a periodic pattern can be configured via RRC and can be related to XR traffic’s periodicity and PDB. As shown in Figure 4,  the pattern periodicity is 16.67ms, the duration of pattern (yellow box in Figure 4) is 10ms which corresponds to PDB. Whether the gap(s)/restriction(s) overlapped with configured pattern is skipped or not can be derived by the overlapping ratio. The overlap between the duration of pattern and the duration of RRM measurements is marked as blue box in Figure 4. The higher the overlapping ratio, the greater impact on XR traffic. Then, if the overlapping ratio is larger than an RRC configured threshold, the RRM measurements can be cancelled and UE can transmit PUCCH/PUSCH and receive PDCCH/PDSCH during the gaps or on the restricted symbols. Otherwise, the RRM measurements are performed. gNB can configure a proper threshold based on historical XR frames delivery time.
[image: ]
[bookmark: _Ref165037487]Figure 4. Example of cancelling the measurement gaps based on overlapping ratio 
For Alt 3-2, gaps/restrictions skipping is applied to all/selected MG configuration(s) and/or scheduling restrictions due to all/selected SMTC configuration(s) / RRM measurement(s) and is conducted in a time-window. This method is not aligned with the working assumption agreed in RAN1#116 that the types of gaps/restrictions caused by RRM measurements are agnostic in RAN1 normative work.  
For Alt 3-3 and Alt 3-4, both solutions focus on pre-configured Tx/Rx occasions, and do not apply to DCI scheduled Tx/Rx. Thus, they are not preferred.
· Alt. 2: Semi-persistent solution:
	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. 
· …
· 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.
· …



In semi-persistent solution, a command is sent to de-activate gaps/restrictions and the deactivation is valid until a new re-active command is received. Generally, if one RRM measurement is skipped, this semi-persistent solution requires de-activate and re-activate commands. If the de-activate/re-activate command is carried on L1 signaling, this semi-persistent solution results in additional signaling overhead. If the de-activate/re-activate command is carried on L2/L3 signaling, this semi-persistent solution will cause unnecessary signaling delay and inflexibility. We do not see clear benefits of Alt 2 compared with Alt 1/Alt 3. Hence, the discussion on semi-persistent solution to enable Tx/Rx in gaps/restrictions should be de-prioritized.
Based on the analysis above, we think solutions of DCI indicating a time window (Alt 1-2), pattern and overlapping ratio-based method (Alt 3-1) to skip RRM measurements are worth further study. RAN1 can continue study on such solutions. Here, we propose:
[bookmark: _Ref162877801]Proposal 2: RAN1 can further consider the following alternatives:  
· (Alt 1-2) Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s).
· 1 or more lengths of time window are configured by RRC.
· DCI contains 1 or 2 bits to indicate one length of time window.
· (Alt 3-1) Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions:
· Starting position, periodicity and duration of the pattern, and a threshold are RRC configured.
· If the overlapping ratio between the duration of pattern and the duration of RRM measurements is larger than the threshold, the RRM measurements are cancelled.
UE assistance information 
In the last RAN1 meeting, the proposal about 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 is agreed as follows.
	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.


For network signaling triggered/enabled solutions to enable Tx/Rx in gaps/restrictions, it is beneficial for UE to report assistance information to gNB, which can help gNB to make a more accurate decision. The content of UE assistance information as proposed in last meeting mainly includes information related to measurement occasions, channel conditions, traffic and UE mobility. The detailed analysis of above UE assistance information is provided here.
· UE assistance information related to channel conditions, traffic and UE mobility
From UE side,  the preference about whether to skip gap(s)/restriction(s) may be related to many factors. For example, a UE may not expect to execute RRM measurements when UE locates in the center of its serving cell, which means UE has small possibility to execute handover.  Besides, UE may not expect to execute RRM measurements when the channel conditions are good or the buffer size of traffic is heavy and it is beneficial for UE to enable Tx/Rx in gap(s)/restriction(s). Hence, report assistance information related to channel conditions, traffic and UE mobility alone, is not enough for the gNB to make accurate decision. 
[bookmark: _Ref166163624]Observation 1: Report assistance information related to channel conditions, traffic and UE mobility alone, is not enough for the gNB to make accurate decision.
· UE assistance information related to measurement occasions 
Based on the analysis above, the preference of UE about whether to skip gap(s)/restriction(s) may involve many factors. Hence, UE report the assistance information related to measurement occasions to gNB is a straightforward and effective solution.
For the first five FFS, e.g., “ FFS: The number of needed measurement gaps/SMTC with restrictions within a time period”, etc., reporting such UE assistance information to gNB still cannot let gNB have accurate information. For example, if the UE report the number of needed MGs/SMTC with restrictions within a time period is 5 and the gNB doesn't know the UE’s traffic and channel condition. Then, gNB may skip 5 RRM measurements where the UE actually needs to do measurement (e.g., UE’s channel condition is poor or the UE’s traffic is not urgent).
Therefore, we support UE reports patterns of gap(s)/restriction(s) where skipping is feasible or acceptable. As the state of UE may not change frequently, and it is enough for UE to report assistance information periodically to gNB, e.g., through MAC CE. 
UE assistance information may contain a bitmap to indicate whether the subsequent gap(s)/restriction(s) can be skipped or not. An illustration of UE assistance information on whether the subsequent gap(s)/restriction(s) can be skipped or not is shown in Figure 5. We assume that the measurement gap length (MGL) is 6ms, measurement gap repetition period (MGRP) is 20ms and the period of assistance information is 80ms. The bit meaning of bitmap contained in MAC CE is that ‘0’ means the gap(s)/restriction(s) is not expected to be skipped and ‘1’ means the gap(s)/restriction(s) is expected to be skipped. The N bits of bitmap have a one-to-one mapping to N subsequent gap(s)/restriction(s) in ascending order of start time after the UE sends the MAC CE.
[image: ]
[bookmark: _Ref164957343]Figure 5. Illustration of UE assistance information on whether the subsequent gap(s)/restriction(s) can be skipped or not 
With the help of UE assistance information, the gNB can be aware of which RRM measurements is expected to skip from UE side and a better decision to enable Tx/Rx in gaps/restrictions can be made. 
[bookmark: _Ref162877896][bookmark: _Ref166163653]Proposal 3: UE reports assistance information periodically to gNB through MAC CE, and the assistance information contains a bitmap to indicate which of the subsequent gap(s)/restriction(s) can be skipped or not.
3 Conclusions
In this contribution, we analyze the pros and cons of different solutions to relax the scheduling restrictions and propose some detailed designs. The following observations and proposals are given:
Observation 1: Report assistance information related to channel conditions, traffic and UE mobility alone, is not enough for the gNB to make accurate decision.

Proposal 1: In Alt 1 (Dynamic indication), the time offset between the end of received dynamic indication and start of gap(s)/restriction(s) occasion that is going to be skipped shall be larger than X, e.g., X could be equal to PUSCH preparation time N2 as defined in Clause 6.4 of TS 38.214. RAN1 sends LS to RAN4, and ask RAN4 to decide the exact value of X.

Proposal 2: RAN1 can further consider the following alternatives:  
· (Alt 1-2) Explicit indication by DCI to indicate a time window where to skip a particular gap(s)/restriction(s).
· 1 or more lengths of time window are configured by RRC.
· DCI contains 1 or 2 bits to indicate one length of time window.
· (Alt 3-1) Configure a pattern(s) via RRC to indicate occasions where to skip gaps/restrictions:
· Starting position, periodicity and duration of the pattern, and a threshold are RRC configured.
· If the overlapping ratio between the duration of pattern and the duration of RRM measurements is larger than the threshold, the RRM measurements are cancelled.

Proposal 3: UE reports assistance information periodically to gNB through MAC CE, and the assistance information contains a bitmap to indicate which of the subsequent gap(s)/restriction(s) can be skipped or not.
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