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Introduction
[bookmark: _Hlk30969022]A study item of Extended Reality (XR) and Cloud Game (CG) evaluations for NR was approved in RAN#88e with the following objectives [1]:
	1. [bookmark: _Hlk30969040]Confirm XR and Cloud Gaming applications of interest
2. Identify the traffic model for each application of interest taking outcome of SA WG4 work as input, including considering different upper layer assumptions, e.g. rendering latency, codec compression capability etc.
3. Identify evaluation methodology to assess XR and CG performance along with identification of KPIs of interest for relevant deployment scenarios
4. Once traffic model and evaluation methodologies are agreed, carry out performance evaluations towards characterization of identified KPIs 


In this contribution, we discuss the potential enhancement areas for supporting XR/CG services.
Discussion on potential enhancements for XR/CG
In 3GPP, there have been lots of work on XR and CG on various aspects, e.g., use case, service architectures, service flow, traffic characteristics, performance requirement, gap analysis and so on. TR 26.928 collects information on XR in the context of 5G radio and network services, where use cases and device types are classified, and processing and media centric architectures are introduced.  And in previous RAN1 meetings, the traffic model of XR and CG was widely discussed. From the agreed traffic model of XR and CG, we could see that the XR and CG has the following characters: 
· High data rate, up to 60Mbps with limited latency, around 10-30ms
· Non-integer period with jitter
· Large and various packet size
Observation 1: XR and CG have the following characters:
· High data rate, up to 60Mbps with limited latency, around 10-30ms
· Non-integer period with jitter
· Large and various packet size
1. 
2. 
2.1. Enhancements for capacity
Capacity for XR and CG has been evaluated in this study item. From the existing evaluation results, we could see that capacity for XR and CG is very limited, e.g. 6-8 users per cell. So enhancements for capacity is necessary. One aspect to improve capacity is to improve resource allocation efficiency. XR and CG are quasi-periodic traffic, it is straightforward to apply SPS and configured grant transmission with some enhancements to adapt to new characters of XR and CG.
1) Non-integer period
In earlier RAN1 meetings, it was agreed that 60 frame per second (fps) is baseline for both DL and UL video stream and 30 fps, 90 fps as well as 120 fps can be also optionally evaluated. Based on the formula of arrival time of packet, the corresponding periodicities are {33.33ms, 16.67ms, 11.11ms, 8.33ms}. However, supported SPS periods are {10ms, 20ms, 32ms,…,640ms}, {1ms, 2ms, …640ms} for 15kHz, 0.5x {1ms, 2ms, …., 1280ms} for 30kHz, 0.25x {1ms, 2ms, …., 2560ms} for 60kHz and 0.125x {1ms, 2ms, …., 5120ms} for 120kHz, and supported configured grant periods are {1/7ms, 0.5ms ,1ms,…, 320ms, 640ms} for 15kHz, 0.5x {1/7ms,0.5ms, 1ms,…,1280ms} for 30kHz, 0.25x {1/7ms,0.5ms, 1ms, …,2560ms} for 60kHz. It is easy to observe that the periodicity of XR/CG and periodicity of SPS/CG are not matched. Moreover, since the traffic periodicity is not divisible by the time duration of radio resource allocation unit (i.e. symbol), introducing more periodicity values cannot solve the mismatch issue. So SPS/CG configuration enhancements targeting at periodicity mismatch issue should be further studied.
Proposal 1: SPS/CG configuration enhancements targeting at periodicity mismatch issue should be further studied.
2) Jitter
Jitter is another character of XR and CG. In R16 URLLC, multiple simultaneous activated configured grant configurations and SPS configurations was introduced, which can solve jitter issue. And in R17 URLLC, HARQ-ACK enhancement for jitter was proposed but not specified due to time limit. So SPS HARQ-ACK enhancement for jitter should be further studied.
Proposal 2: SPS HARQ-ACK enhancement for jitter should be further studied.
3) Large packet size
According to discussion on traffic model, mean packet size is very large. Taking AR/VR 30Mbps as example, mean packet size is 62500 bytes, which requires near 10 slots if 100MHz bandwidth with 30kHz SCS is used for transmission and 16 QAM and 1/3 code rate is assumed. It is thus clear multi-PDSCH or PUSCH transmission are required when a packet is arrived. So multi-PDSCH or PUSCH transmission should be further studied, especially for SPS and configured grant case.
Proposal 3: Multi-PDSCH or PUSCH transmission should be further studied, especially for SPS and configured grant case.
4) Various packet size
According to discussion on traffic model, packet size is not fixed. Taking AR/VR 30Mbps as example, maximum packet size is 93750 bytes but minimum packet size is 31250 bytes. Obviously, there exists large gap between maximum packet size and minimum packet size. However, the time/frequency transmission resources together with MCS would not be changed for one SPS/CG configuration once it is configured or activated. This is suitable for traffic with fixed packet size, unfortunately, it is not the case for XR and CG. So adaptive resource allocation for SPS and configured grant should be further studied.
Proposal 4: Adaptive resource allocation for SPS and configured grant should be further studied.
Although XR and CG traffic is quasi-periodic, the packet arrival time and packet size are various to some extent. So dynamic scheduling could also be considered to support XR for more efficient transmission. For dynamic scheduling, resource allocation is very flexible, however, the scheduling opportunity is restricted by PDCCH monitoring occasions which are determined by the configured periodicity and offset, as well as duration for the search space sets. Similarly, there also exists mismatch issue between the periodicity of search space sets and that of XR/CG packet. So enhancements of search space set configuration should be further studied for better support of XR and CG.
Proposal 5: Enhancements of search space set configuration should be further studied for better support of XR/CG services.
2.2. Enhancements for UE power saving
1. 
2. 
1) Non-integer period
As discussed in section 2.1, the traffic periodicities of XR are {33.33ms, 16.67ms, 11.11ms, 8.33ms}. For convenience, the DRX cycle can be configured as {10ms, 20ms, 32ms, s40ms, 60ms, 64ms…} if long DRX cycle is applied while the candidate cycle values for short DRX cycle are {2ms, 3ms, 4ms,5ms, 6ms…}. Obviously, there exists potential mismatch between the arrival interval and the DRX cycle. Even if the DRX cycle is configured with finer granularity and more candidate cycle values are provided, the mismatch problem cannot be solved since the arrival interval is not divisible by the time duration of radio resource allocation unit. The mismatch would lead to larger latency for data scheduling and further reduce the XR/CG capacity. Figure 1 illustrates the mismatch issue between DL video with 60bps and 16ms DRX cycle with 2ms on duration timer. It can be observed that with the following DRX configuration, the mismatch issue appears every three arrival intervals. This means, the mismatch problem occurs with a certain pattern which relates to the fps of DL video and DRX configuration including DRX cycle, length of on duration timer, and DRX offset. Therefore, DRX configuration enhancements targeting at the periodicity mismatch issue should be further studied.

Figure 1: Mismatch between DL video @60bps and 16ms DRX cycle with 2ms on duration timer
Proposal 6: DRX configuration enhancements targeting at periodicity mismatch issue should be further studied.
2) Jitter handling
There exists jitter characteristic for XR traffic arrival. According to the previous RAN1 agreements, the jitter can be modeled as truncated Gaussian distribution with varying range of [-4,4] ms (baseline) or [-5,5] ms (optional). If the mismatch between arrival interval and DRX cycle can be regarded as some kind of semi-static mismatch, the jitter impact would be more serious, leading to dynamic mismatch between data arrival and UE on duration. One way to solve the jitter problem is to config the DRX on duration timer long enough to cover the jitter range. As illustrates by Figure 2, DRX is configured with 16ms cycle and 10ms on duration, then no matter when the packet is arrived, UE maintains awake for data reception.


Figure 2: jitter handling by config long DRX on duration timer
However, considering the jitter range is relatively large, the DRX on duration timer needs to be configured much longer, which is unfavorable for UE power saving. It is worth to be note that battery lift is of critical importance for XR device. Although the power consumption for display modules always occupies large proportion, the power consumption of communication modules with 5G is not to be underestimated. In Rel-17 power saving WI, layer-1 based dynamic PDCCH monitoring reduction schemes, i.e. the PDCCH skipping and search space group switching are being discussed and these schemes can be applied if long DRX on duration timer is configured. Therefore, the power saving schemes for RRC-Connected specified in Rel-17 power saving WI should be the starting point for further study.
Another way to solve jitter problem is to config DRX on duration timer with a small value. However, with smaller on duration timer, the packet would be possible to arrive too early or too late. If the packet arrives too early, that is, the UE is still outside active time when packet arrives, then the packet can not be scheduled until UE wakes up. This would bring additional latency for the packet and may result in packet loss within the required time budget. While if the packet arrives too late, that is, UE has been complete its on duration time and no longer stay awake for PDCCH monitoring. In such a case, not only UE would perform unnecessary PDCCH monitoring during on duration timer, but also the late arrived packet cannot get timely scheduling and need to wait for the next on duration timer. This increases the end to end latency more significantly compared to early packet arrival because a reasonable DRX configuration is to configure the short DRX on duration timer to cover the most central area of the jitter range. This makes the delay between packet arrival time and next on duration timer caused by late arrival (delay 2 in Figure 3) much longer than that of early arrival (delay 1 in Figure 3), so late arrival issue results in more serious problem. Therefore, mechanism to overcome the early and especially late packet arrival issue needs to be further studied.


Figure 2: jitter handling by config short DRX on duration timer
Proposal 7: Further study the following aspects to solve jitter:
· If DRX on duration timer is configured long enough to cover jitter range, layer-1 based power saving schemes discussed in Rel-17 power saving WI should be the starting point for power reduction.
· If DRX on duration timer is configured not long enough to cover jitter range, mechanism to overcome the early and especially late packet arrival issue needs to be further studied.
Conclusions
In this contribution, we discuss the potential enhancement areas for supporting XR/CG services and following observation and proposals are made:
Observation 1: XR and CG have the following characters:
· High data rate, up to 60Mbps with limited latency, around 10-30ms
· Non-integer period with jitter
· Large and various packet size
Proposal 1: SPS/CG configuration enhancements targeting at periodicity mismatch issue should be further studied.
Proposal 2: SPS HARQ-ACK enhancement for jitter should be further studied.
Proposal 3: Multi-PDSCH or PUSCH transmission should be further studied, especially for SPS and configured grant case.
Proposal 4: Adaptive resource allocation for SPS and configured grant should be further studied.
Proposal 5: Enhancements of search space set configuration should be further studied for better support of XR/CG services.
Proposal 6: DRX configuration enhancements targeting at periodicity mismatch issue should be further studied.
Proposal 7: Further study the following aspects to solve jitter:
· If DRX on duration timer is configured long enough to cover jitter range, layer-1 based power saving schemes discussed in Rel-17 power saving WI should be the starting point for power reduction.
· If DRX on duration timer is configured not long enough to cover jitter range, mechanism to overcome the early and especially late packet arrival issue needs to be further studied.
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