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In RP #102, the following WID was agreed [1]:
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.
In this paper, we provide our views on the enhancements for scheduling restrictions for XR.



Enabling Tx/Rx for XR during RRM measurements
In NR, if the UE requires measurement gaps based on the UE capability, measurement gaps can be configured for the UE to perform inter-frequency, intra-frequency, and inter-RAT measurements. With inter-frequency and inter-RAT measurements, the UE needs to suspend its communication and measure the target frequency to execute a handover procedure. With FR2 intra-frequency measurements, the UE can temporarily suspend its communication with the serving cell and redirect its beam to the target cell.  Similarly, whenever an active BWP does not contain intra-frequency SSBs, the UE is configured with measurement gaps and the UE can temporarily tune its transceiver to receive the intra-frequency SSB. In all these scenarios, these measurement gaps induce scheduling restrictions. More precisely, if a measurement gap occasion overlaps with PDCCH/PDSCH/PUSCH/PUCCH/CSI-RS/SRS reception or transmission, it always has higher priority except for Msg2/3/4/A/B in RACH procedures. For this reason, measurement gaps colliding with XR data burst have negative impacts on the performance because they interrupt XR data transmission. Moreover, due to the non-integer valued periodicities of XR traffic, it is more likely for data to overlap with measurement gaps, which have integer-valued periods such as 20ms, 40ms, etc. that is because it is impossible for network to align measurement gaps in a way that they do not overlap with data bursts. Figure 1 illustrates such an example where the UE is configured with measurement gaps with a periodicity of 20ms while XR bursts arrive at 60 frame per second. As XR data bursts have a shorter periodicity than measurement gaps, there are un-avoidable overlaps between the measurement gap occasions and the XR traffic transmission. Whenever data transfer is interrupted by a measurement, extra delay is added. Given that common duration of a measurement gap is several msec (e.g. 6msec) and XR flows typically have end-to-end delay requirement of 10~20ms, each interruption by measurement gap reduce the delay budget of XR traffic by at least 30%. 

Observation 1. 	Due to non-integer valued periodicities, XR traffic is more likely to overlap with measurement gaps, which can increase delay and reduce system capacity. 
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Figure 1: XR Traffic interrupted by measurement gaps. 

In the following, we discuss a few possible solutions to address XR scheduling restrictions caused by the gap assisted measurements. One possible solution to address this is to have on-demand gaps where the gNB signals through fast indication to the UE to activate/deactivate the measurement gap occasion(s) before the UE tunes its transceiver to measure the target frequency. When the measurement gaps are deactivated, the UE can be scheduled during the gaps. If the activation/deactivation is very dynamic without an identifiable pattern then an occasional temporary activation/deactivation based on dynamic signalling is useful, such as with DCI. However, in the main target use case, which is reconciling the integer value periodicity measurement gaps with the non-integer value periodicity traffic patterns, the required activation/deactivation has clearly identifiable patterns, so the DCI based indication is not a good functional fit. Because of this, a DCI based indication has many drawbacks, first having to signal an activation/deactivation pattern that is more persistent is an overhead and may use a lot of network resources. Besides, due to the issue of DCI missed there might be misalignments between UE and gNB. UE may assume that SSB measurements are prioritized while the gNB has cancelled a gap and scheduled data, then the UE may not receive the PDCCH/PDSCH, and this can cause further latency and retransmissions. When the measurement gap overlaps with UL symbols, the misalignment can cause wrong assumptions regarding whether certain UL transmissions are taking place. Therefore, a more semi-static or semi-persistent indication such as with MAC-CE or with RRC configuration can be a better option from network capacity and UE power savings perspective. 

Observation 2. 	On demand activation/deactivation of measurement gap occasion(s) can be signalled by the gNB through DCI, however, missed DCIs result in misalignment between the UE and the gNB which results in increased UE monitoring that contribute to larger UE power consumptions and longer latencies.

To address the unavoidable overlap and the XR scheduling restriction, gNB can send a MAC-CE for semi-persistent deactivation of measurement gap occasions. The MAC-CE can deactivate the measurement gap configuration until a new RRC reconfiguration configures a new measurement gap configuration. With MAC-CE approach, as with many other MAC-CEs, the applicability takes effect 3msec after the MAC-CE is acknowledged.
 
Proposal 1a. 	Semi-persistent deactivation of measurement gap configuration/occasions using MAC-CE based indication can be signalled by the gNB. The deactivation is semi-persistent until an RRC reconfiguration or new MAC-CE is received with new deactivation pattern.

Another possible solution is to have a more semi-static signalling to avoid the overlap. In this solution, the valid measurement occasions are the occasions that avoid any full or partial overlap with XR data transmission. With this semi-static approach, the valid measurement gap occasions can have an irregular pattern. For example, as shown in Figure 2, for a XR traffic with cadence 60 frame per second and measurement gap configuration of 40 msec, the first 2 measurement occasions and the last occasion overlap with XR data transmission are considered as invalid occasions for measurements within a 200 msec outer cycle. To achieve this irregular pattern, the UE can be indicated that certain measurement occasions are deactivated semi-statically. In the example shown in Figure 2, a bitmask of 0 indication means the measurement gap occasion is deactivated and a 1 indication means the occasion is activated. In the example provided in Figure 2, the bitmask is 001110 and is applied to 6 measurement gap occasions within a larger 200 msec cycle. In addition to the semi-static approach which avoids an overlap, the gNB can use a MAC-CE indication to further deactivate at least one or more measurement gap occasions as needed which may be useful if the XR burst requires a longer transmission time with variable size data burst, re-transmissions, or jitter.
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Figure 2: Enhanced Measurement Gaps  


Proposal 1b.	Semi-static activation/deactivation using RRC based indication can avoid the overlapping between measurement occasions of a measurement gap configuration that collide with XR traffic. MAC-CE can be used to further deactivate specific gaps.

In Rel-17 enhancements for positioning measurement gaps, Processing Positioning Windows PPWs are introduced for positioning to minimize communication interruptions due to positioning requirements. A UE may indicate the support of a single, two or three PPW priority states while the gNB configures a single priority indicator using RRC configuration. These priority states indicate whether the PRS is of higher or lower priority than DL channels. For XR, one possible way to solve for the scheduling restriction and enable XR data transmission during measurement gaps is to have a RRC configuration with prioritization rules. The configuration can indicate whether semi-static channels/signals are of higher priority over measurement gaps.  For example, when SPS or CG overlaps with measurement gaps, network configures whether a SPS has higher priority than measurement gap occasion. Moreover, the network configures which LCH(s) has higher priority than a measurement gap occasion. Similarly other higher priority channels/signals can also be received/transmitted during the measurement gaps such as high priority PUCCH (high priority SR, HARQ-ACK).

Proposal 1c. 	A configurable priority for different semi-static channels/signals can be introduced which prioritizes certain channels/signals when colliding with measurement gaps. 

Similar to the scheduling restrictions existing with gap assisted L3-RSRP RRM measurements are present with FR2 L1-RSRP measurements without measurement gaps. The reason these restrictions exist is because UEs equipped with multiple antenna panels and the UE may only be able to measure on a single panel at a time. For SSB based L1 measurement/evaluation scheduling restrictions applies to all SSB symbols from the serving cell (there are exceptions for Type0-PDCCH CSS and corresponding PDSCH). In addition, the scheduling restriction rule applies to other serving cells in the same band, and this is because the UE Rx beam is not independently controlled per cell within a band. With L1-RSRP measurements the network configures the UE with RRC signalling to measure SSBs within SMTC windows. The SMTC window instructs the UE when it could measure RSRP, while it is left to UE’s implementation of when to measure and with what antenna panel to be used to perform the measurement during those SMTC measurement windows. Similar solutions to those proposed for measurement gap-based scheduling restrictions are applicable. However, in case a configurable priority for different channels/signals can be introduced which prioritizes certain channels/signals when colliding with the windows, the configurable priority/rule can be temporarily disabled if UE experienced RLF or BFD until UE recovers/reestablishes a proper link. 

Proposal 2. 	For FR2 intra-frequency L1-RSRP scheduling restrictions induced by SMTC windows, similar enhancements to those proposed for inter-frequency, intra-frequency, inter RAT measurement gap induced restrictions can be considered to prioritize data/signals transmission/reception over SMTC windows (SSB measurements).
 
While deactivation of measurement gap occasions/configuration may be useful for the XR data transmission and reception reducing latency, it may not be possible to use extremely relaxed measurement gap configuration in practice due to the risk to mobility performance. For XR scenarios, mobility should be considered for example for AR or Cloud Gaming use cases. Then the impact on RRM needs to be carefully assessed. One possible way to solve for this issue is to consider the UE state before relaxation. If the UE state is considered before the activation/deactivation/relaxation any negative RRM impact can be avoided. In Rel-17 RAN2 and RAN4 considered aspects for RRM relaxation. Both low mobility criterion and serving cell quality criteria were considered. For RRM relaxation in favor of XR traffic, similar criteria can be considered. If the UE’s RSRP/RSRQ measurement on the current serving cell is above a configured threshold and/or it meets a low-mobility criteria, then the UE may prioritize data transmission over measurements when they overlap. In addition to these criteria, the UE buffer status and delay status can be considered for measurement gap relaxation. For example, if UE has buffered data in an allowed logical channel (e.g. a high-priority logical channel, based on either MAC or PHY priority) or the delay reported in delay status report is greater than threshold then the UE may prioritize the data transmission over measurements. This may be based on relaxation factor. Otherwise, the UE can indicate its status in UL signalling and the gNB can accordingly decide to activate/deactivate the measurement gap if the UE meets the criteria or not. Since this is more of RAN2/RAN4 we propose that RAN2/RAN4 to consider studying conditional measurement gap relaxation/activation/deactivation. RAN2 can also consider UE being preconfigured with measurement gaps and requests in UL MAC-CE to activate one measurement gap configuration.
Proposal 3. 	The UE state needs to be considered before activation/deactivation/relaxation. The UE state can include at least: UE mobility state, serving cell quality, buffer status and delay status. RAN2/RAN4 can study conditional measurement gap relaxation/activation/deactivation for XR traffic.  

Proposal 4. 	The UE can indicate to the gNB with uplink signalling such as UL MAC-CE of when it will take measurement gaps, or it can be used to activate a certain measurement gap configuration.

Finally, when measurement gaps occasions are skipped or shared with data, this may lead to longer PSS/SSS detection, SSB index identification and measurement delays. RAN4 can study the impact and necessary enhancements to accommodate for the induced delays when measurement gaps are shared with data. 
Proposal 5. 	RAN4 to consider the RRM impact from measurement gap relaxation/activation/deactivation. This may at least include the impact of longer PSS/SSS detection, SSB index identification and measurement delays. In addition, RAN4 can consider the RRM relaxations relaxation criterion.

Conclusions
In this contribution, we have provided the following observations and proposals for the enabling transmission and reception during RRM measurements for XR:
Observation 1. 	Due to non-integer valued periodicities, XR traffic is more likely to overlap with measurement gaps, which can increase delay and reduce system capacity. 

Observation 2. 	On demand activation/deactivation of measurement gap occasion(s) can be signalled by the gNB through DCI, however, missed DCIs result in misalignment between the UE and the gNB which results in increased UE monitoring that contribute to larger UE power consumptions and longer latencies.

Proposal 1a. 	Semi-persistent deactivation of measurement gap configuration/occasions using MAC-CE based indication can be signalled by the gNB. The deactivation is semi-persistent until an RRC reconfiguration or new MAC-CE is received with new deactivation pattern.

Proposal 1b.	Semi-static activation/deactivation using RRC based indication can avoid the overlapping between measurement occasions of a measurement gap configuration that collide with XR traffic. MAC-CE can be used to further deactivate specific gaps.

Proposal 1c. 	A configurable priority for different semi-static channels/signals can be introduced which prioritizes certain channels/signals when colliding with measurement gaps. 

Proposal 2. 	For FR2 intra-frequency L1-RSRP scheduling restrictions induced by SMTC windows, similar enhancements to those proposed for inter-frequency, intra-frequency, inter RAT measurement gap induced restrictions can be considered to prioritize data/signals transmission/reception over SMTC windows (SSB measurements).

Proposal 3. 	The UE state needs to be considered before activation/deactivation/relaxation. The UE state can include at least: UE mobility state, serving cell quality, buffer status and delay status. RAN2/RAN4 can study conditional measurement gap relaxation/activation/deactivation for XR traffic.  

Proposal 4. 	The UE can indicate to the gNB with uplink signalling such as UL MAC-CE of when it will take measurement gaps, or it can be used to activate a certain measurement gap configuration.

Proposal 5. 	RAN4 to consider the RRM impact from measurement gap relaxation/activation/deactivation. This may at least include the impact of longer PSS/SSS detection, SSB index identification and measurement delays. In addition, RAN4 can consider the RRM relaxations relaxation criterion.

References
[1] [bookmark: _Ref131663925]RP-234057, New WID: XR (extended Reality) for NR Phase 3, MediaTek



1/2
image1.png
Burst Arrivals
(60Hz)

XR Traffic
Transmission
(w/o DRX config)

Measurement
Gaps

Burst#l

11

Burst#2

11

Burst#3 Burst#d.

11 i

16.67 ms-

1

16.67 ms-

|

s miahus

|XR traffi transmisson

16.67 m: 16.67 m:

CO-p
I

20m

20m

20m





image2.png
eCDRX: (33+33+34)x 2 = 200ms

ex) drx-ShortCadence = 30Hz ex) MGRP = 40ms
) _ _ ) _ MG: 40 x 5 = 200ms
drx-StartOffset = 0 MGL = 6ms . .
eCDRX active cycle = 12ms gapOffset = Oms => the overlapping pattern (XXOOO) is repeated every 200ms
Burst Arrivals (60Hz)
Oms 33.33ms 66.66ms 100ms 133.33ms 166.66ms 200ms
XR Traffic Transmission — J
Period L om ) .34, 33; 3 ;| 34 e
b ! 33 ¢ 66 i 100 Pl 133 P 300!
Legacy Measurement Gaps -
(RRC) J_
40 40 40 40 40 40
0 40 80 120 160 200
X X (o) (o) o X
Enhanced Measurement Gaps
(MAC-CE or DCI) P " P 2 40 40
200

0 40 80 120 160




