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1 Introduction
A new Rel-18 study item was approved at RANP#94 in December 2021, including the following objectives. The study is to be based on RAN1, Rel-17 TR 38.838 [2], SA4 work in SP-210043 [3], and SA2 work as per SP- 220705 [4]. 

	

The study is to be based on Rel-17 TR 38.838, on corresponding Rel-17 work from SA4 (as per SP-210043) and on Rel-18 work from SA2 (as per SP-211166). 

Objectives on XR-awareness in RAN (RAN2):
Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
Study how the above information aids XR-specific traffic handling.
 
Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
 
Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
Dynamic scheduling/grant enhancements






At RAN2#119e meeting [6], the following agreements were made;

	1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).
1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.





In this contribution, we provide our initial views on the mechanisms to improve capacity such as BSR for the transmission of XR service in NR.

2 Discussions 

In uplink transmission, the UE needs to transmit buffer status report (BSR) information first so that the network (UE) can allocate the physical resource allocation (in time/frequency resource grid) for the uplink transmission from the UE. In this case, the UE typically send Buffer Status Report (BSR) periodically with certain interval. Some applications (e.g. uplink video streaming, gaming) may have transmission payload characteristics, such as large payload and/or sensitive to delay. Once the network receives BSR, the network will allocate the uplink resources for the UE so that the UE can clear up its buffer. Any subsequent transmission from the UE, will be entered the UE buffer and then transmitted later once the UE reports the subsequent BSR. A generic illustration is shown in Figure 1.
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Figure 1: : BSR and uplink transmission

In the existing NR, any new payload to be transmitted by the UE will be buffered and the BSR status is reported in the next reporting interval. This creates additional delay which is not desirable for some applications, such as uplink streaming in XR, and uplink in cloud gaming. 

Observation 1: Buffering uplink data and transmit the BSR with certain periodicity may create additional delay which is not desirable for some XR applications.
 
Frequent BSR report can also be introduced to ensure the delay caused by buffering can be minimized. However, there is a time-limit in term of adopting the BSR report such as receiving/processing the BSR and applying it by the scheduler in gNB. In order to minimize the delay/lagging without frequent BSR report, the BSR report can also include some additional parameters, such as to indicate packet arrival rate to the UE buffer for uplink transmission. This would reduce the unnecessary delay due to buffering. The packet arrival rate indicated by the UE may influence the gNB in allocating the uplink resource. In case the BSR report interval is larger than the packet arrival rate and the UE has emptied the buffer (as reported previously), the UE can be allocated the uplink resource prior to the next BSR reporting.

Proposal 1: Consider packet arrival rate information in the BSR report to enhance L1 scheduling.
3 Summary
In this contribution, we have discussed our view on potential mechanisms to improve capacity

Observation 1: Buffering uplink data and transmit the BSR with certain periodicity may create additional delay which is not desirable for some XR applications.

Proposal 1: Consider packet arrival rate information in the BSR report to enhance L1 scheduling.
4 [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref61535913][bookmark: _Ref71022775][bookmark: _Ref167612671]RP-213587, “Study on XR Enhancements for NR”, RANP #94e, December 2021
[2] TR38.838, “Study on XR (Extended Reality) Evaluations for NR”
[3] SP-210043, SA4
[4] SP-220705, SA2
[5] R1-2205056, “Capacity Enhancement Techniques for XR”, Qualcomm, RAN1#109e
[6] Minutes RAN2#119 meeting

image1.png
UE gNB
BSR info

Control: UL grant
Data: UL data

Control: UL grant

Data: UL data
T

! 1
BSR info
- - 5




