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Introduction
In RAN1 #116, enhancements to enable transmission/reception for XR in gaps/restrictions that are caused by RRM measurements was discussed with following agreements:
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
[bookmark: _Hlk161231814]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
Proposal 2.6-2:
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
· [bookmark: _Hlk161232656][bookmark: _Hlk161232668]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
[bookmark: _Hlk161231712][bookmark: _Hlk161235767]RAN1 aims to develop/identify solution(s) to enable Tx/Rx in gaps/restrictions that are caused by RRM measurements agnostic in RAN1 normative work to types of gaps/restrictions that are caused by RRM measurements. 
Note: UE features related to the developed solution(s) is a separate discussion.
In this contribution, we discuss the enhancements to enable transmission/reception for XR in gaps/restrictions caused by RRM measurements.
1. 
2. 
Discussion
There are multiple RRM cases with gaps or scheduling restrictions in TS 38.133. Enabling Tx/Rx in gaps/restrictions in different cases may have different impacts on RAN 4. We support that it is up to RAN4 to decide which gaps/restrictions caused by RRM measurements can be cancelled/skipped, and RAN1 solution of enabling Tx/Rx in gaps/restrictions caused by RRM measurements can apply to any type of gaps/restrictions which is capable of being cancelled/skipped.
Proposal 1: Confirm the working assumption from RAN1 #116 with updates:
· [bookmark: _Hlk161928177]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.
· [bookmark: _Hlk161927835]It is up to RAN4 to decide which gaps/restrictions caused by RRM measurements can be cancelled/skipped
Note: UE features related to the developed solution(s) is a separate discussion
[bookmark: _Hlk161232257][bookmark: _Hlk161232373]The partial cancellation/skipping of an occasion(s) of gap/restrictions caused by RRM measurements requires UE to perform both data transmission/reception and measurements in the occasion, which can lead to big impacts to both specification and UE implementation, e.g., switching/interruption occurrence that is required between data transmission/reception and measurements could be time-varying and dependent on dynamic conditions such as scheduling. Therefore, we do not support an occasion(s) of gap/restrictions caused by RRM measurements is cancelled/skipped partially.
Proposal 2: It is not supported in R19 XR to partially cancel/skip an occasion of gaps/restrictions caused by RRM measurements.  
Two use cases as following should be considered for support of enabling Tx/Rx for XR in gaps/restrictions caused by RRM measurement:
Use case 1: XR traffic is delivered by CG-PUSCH/SPS-PDSCH
[bookmark: _Hlk161232700][bookmark: _Hlk157950730]If the high priority XR traffic is delivered by CG-PUSCH/SPS-PDSCH, cancellation of occasions of gaps/restrictions can be considered as semi-static. To be more specific, cancellation of occasions of gaps/restrictions can be configured per CG/SPS configuration, where the cancellation can be configured to apply to all MG configurations/restrictions or to some specific MG configurations/restrictions. If one valid CG-PUSCH/SPS-PDSCH occasion (as described in clause 6.1/5.1 of TS 38.214) corresponding to a CG/SPS configuration that is configured to allow cancellation overlaps in time with an occasion of gaps/restrictions, the occasion of gaps/restrictions is cancelled/skipped and all the Tx/Rx in the occasion are enabled, as shown in Figure 1. The advantages of the semi-static scheme include compatibility with XR quasi-periodic characteristic, no additional signaling overhead, fewer spec modifications and simplified implementations in gNB and UE.


[bookmark: _Ref158493371]Figure 1. Semi-static solution to enable TX/RX in gaps/restrictions caused by RRM measurements
[bookmark: _Hlk161233208][bookmark: _Hlk161233223][bookmark: _Hlk161233392]Proposal 3: Semi-static solution to enable TX/RX in gaps/restrictions caused by RRM measurements can be supported when XR traffic is delivered by CG-PUSCH/SPS-PDSCH.
· [bookmark: _Hlk162272123][bookmark: _GoBack]If a valid CG-PUSCH/SPS-PDSCH occasion corresponding to a CG/SPS configuration that is configured to allow MG cancellation overlaps in time with an occasion of gaps/restrictions, the occasion of gaps/restriction is cancelled/skipped.

Use case 2: XR traffic is delivered by dynamically scheduled PUSCH/PDSCH
When the high-priority XR traffic is transmitted by dynamically scheduled PUSCH/PDSCH, dynamic solution to adapt/change gap/SMTC configuration to enable TX/RX in gaps/restrictions caused by RRM measurements also leads to much impacts to both specification and UE implementation, e.g., switching/interruption time that is required between data transmission/reception and measurements could be time-floating and depending on dynamic conditions such as scheduling. Therefore, dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements is more appropriate for use case 2, and the follow schemes can be considered:
· Option 1: If a UE detects a (legacy) DCI format scheduling a PDSCH/PUSCH/PUCCH in an occasion of gaps/restrictions, the occasion is cancelled/skipped and all Tx/Rx are enabled in the occasion, as shown in Figure 2. 


[bookmark: _Ref158494936]Figure 2. A legacy scheduling DCI enables Tx/Rx in gaps/restrictions caused by RRM measurements
· Option 2: A legacy DCI format with a new specific RNTI before an occasion of gaps/restrictions can indicate the cancellation of the occasion.
· Option 3: A new Rel-19 DCI format before an occasion of gaps/restrictions can indicate the cancellation of the occasion, e.g., 1-bit is added into DCI format 0_1/0_2/0_3/1_1/1_2/1_3.
Option 1 has the least specification impact, but gNB needs to perform scheduling for the occasion of gaps/restrictions in advance. Given XR service traffic is quasi-periodic and predictable, it is not challenge for gNB to send scheduling DCI to schedule a Tx/Rx before an occasion of gaps/restrictions. For both Option 2 and 3, PDSCH/PUSCH/PUCCH can still be scheduled before or within the occasion of gaps/restrictions. But Option 2 may lead to excessive consumption of RNTI space, and Option 3 leads to increased DCI overhead and more spec impacts. Therefore, we slightly prefer to focus on Option 1 for further study. 
Proposal 4: Dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements can be considered, with the following focus:
· [bookmark: _Hlk161929403]A DCI-scheduled PDSCH/PUSCH/PUCCH in an occasion of gaps/restrictions cancels the occasion. 
[bookmark: _Hlk156838639]In order to reserve sufficient processing time for UE to cancel/skip an occasion of gaps/restrictions, timeline of dynamic indication needs to be defined, i.e. the gap between the ending of DCI indicating cancellation of the occasion of gaps/restrictions and the starting of the occasion should not be less than a given minimum, as shown as “X symbols” in Figure 3. 


[bookmark: _Ref158494988]Figure 3. Timeline for dynamic cancellation of an occasion of gaps/restrictions
Proposal 5: If dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements is supported, a corresponding timeline requirement should be adopted.

[bookmark: _Hlk161929686]In R17, UE may not perform the RRM measurement in a MG occasion which satisfies RRM relaxation condition for power saving purpose. However, gNB does not know the MG occasion is skipped by the UE, and therefore does not schedule any Tx/Rx in the MG. Once UE sends information to gNB to help the gNB to identify the availability of MGs for Tx/Rx, the system capacity improvement can be expected. Since the RRM relaxation condition is defined in higher layer, we do not prefer to define L1 UE-to-gNB singling to indicate the availability of gaps/retractions, but we are open to leave it to RAN 2 to decide whether UE can inform gNB that an occasion of gaps/restrictions which satisfies RRM relaxation condition is available for Tx/Rx.
[bookmark: _Hlk161231769]Proposal 6: L1 UE-to-gNB singling to indicate the availability of gaps/retractions is not supported.
Conclusions
In this contribution, we discuss the enhancements to enable transmission/reception for XR during RRM measurements with following proposals:
Proposal 1: 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 decide which gaps/restrictions caused by RRM measurements can be cancelled/skipped
Note: UE features related to the developed solution(s) is a separate discussion

Proposal 2: It is not supported in R19 XR to partially cancel/skip an occasion of gaps/restrictions caused by RRM measurements.  
Proposal 3: Semi-static solution to enable TX/RX in gaps/restrictions caused by RRM measurements can be supported when XR traffic is delivered by CG-PUSCH/SPS-PDSCH.
· If a valid CG-PUSCH/SPS-PDSCH occasion corresponding to a CG/SPS configuration that is configured to allow MG cancellation overlaps in time with an occasion of gaps/restrictions, the occasion of gaps/restriction is cancelled/skipped.
Proposal 4: Dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements can be considered, with the following focus:
· A DCI-scheduled PDSCH/PUSCH/PUCCH in an occasion of gaps/restrictions cancels the occasion. 
Proposal 5: If dynamic indication to enable Tx/Rx in gaps/restrictions caused by RRM measurements is supported, a corresponding timeline requirement should be adopted.
Proposal 6: L1 UE-to-gNB singling to indicate the availability of gaps/retractions is not supported.
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