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Introduction
In RAN#86, new SI on XR evaluations for NR is agreed [1]. The objectives of this study item are as follows:
1. 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 
Note 1: eURLLC SI/WI work relevant to XR should be taken into consideration.
Note 2: Traffic model for the performance evaluation shall be based on the standardization in SA WG4 
In this contribution, the potential aspects of NR enhancement for the support of XR services are discussed, including capacity enhancement, UE power saving enhancement, and coverage enhancement.

Potential enhancements for capacity
XR services, such as Cloud Gaming, Augmented Reality, and Virtual Reality services, over 5G are some of the most important vertical applications for 5G commercial deployments. NR XR services have at least the following characteristics: high average data traffic arrival rate, large variation of traffic arrived, stringent latency requirements and high power consumption. For example of direct access cloud gaming, the guaranteed data rate is around 100 Mbps with the 60 to 120 Hz frame rate and 8K video resolution [2]. The DL data rate could exceed 100Mbps and UL data rate could be 50 Mbps per UE with low latency (e.g., 2.5 ms latency). From reliability perspective, packet error rate should be less than 10E-4/10E-5 for both UL and DL transmission. Therefore, Cloud Gaming in XR demands high throughput, high reliability and low latency in both DL and UL, which can also be high UE power consumption. 

DL Capacity enhancement for XR

XR traffic for both DL and UL are periodic in nature. Meanwhile, XR packet size is varied at different arrival time.  SPS allocates fixed amount of DL radio resource semi-statically for the initial transmission of periodic traffic without scheduling grant. Dynamic grant would be used in the resource allocation for re-transmission for each HARQ processing. In NR, UE is required to decode PDSCH at the configured SPS resource regardless SPS resource is in DRX ON or DRX OFF period when DRX is configured. UE needs to wake up to decode SPS packet during DRX OFF when SPS is configured for UE with XR service as shown in Figure 1. 


Figure 1: SPS with DRX cycle configuration
SPS with fixed resource allocation might not adapt to the arrival of XR traffic with variation in packet size from XR source codec and inter arrival time caused by network delay jitter. DL SPS needs to be enhanced to adapt to the resource allocation for the XR traffic arrival with variable packet size and different inter-arrival time. When XR traffic arrives at gNB, XR packet would be segmented to fit into the resource allocated resource if the XR packet size is larger than that of the pre-allocated SPS resource. The enhancement of SPS is to allocate additional resource over the reserved SPS resource for the transmission of remaining XR packet when XR packet is larger than the allocated SPS resource.  In NR, UE is required to monitor PDSCH at the configured SPS occasion regardless it is at DRX ON or OFF when DRX is configured.  This would allow the DRX configuration without the need of adapting to the XR traffic inter-arrival time.   The SPS enhancement would also need UE to monitor additional resource allocation after SPS resource during DRX OFF as shown in Figure 2.


Figure 2: SPS with additional resource allocation

Proposal 1: DL capacity enhancement should be considered, SPS enhancement for XR traffic could be FFS.

UL Capacity enhancement for XR
Similar to XR DL service, XR service is characterized with periodic and varied packet size for UL XR traffic.   UL configured grant is the candidate scheme for periodic UL XR services. The UL configured grant also has a fixed amount of Resource allocation at each period. The reserved resource is based on average packet size of XR service and could not fit XR service with different packet size.  If the XR packet size is larger than reserved resource, additional resource allocation mechanism of CG for remaining XR traffic should be included in the CG enhancement.
Furthermore, it is a challenged for Type 1 and 2 UL CG transmission in supporting high data rate, low latency and high reliability XR services. Dedicated radio resource for CG-PUSCH is semi-statically configured by RRC signaling. The reserved dedicated radio resource for Type 1 and 2 configured grant transmissions could not be too large in order to support large number of XR users. Since dedicated radio resource configured for CG-PUSCH could not be sufficiently large for high data rate, configured grant UL transmission might cause excessive latency and performance penalty. The other alternative is to allow statistic multiplexing of dedicated radio resource shared by multiple UEs to improve resource utilization for XR services. Figure 3 shows multiple UEs contents for the shared resource with potential collision.  Thus, the enhancement of configured grant for XR service needs to include fast resource allocation to meet the stringent latency requirements of XR services.  


Figure 3:  UL multiplexing based on grant free UL transmission

Proposal 2: Configured Grant UL transmission schemes enhancements should be considered to support low latency, large data rate transmission of XR traffic.

Potential enhancements for UE power saving
Another challenge for supporting XR service is the UE battery. The battery-powered of XR devices needs to achieve efficient power saving, as power saving techniques usually cost additional transmission delay to support high data rate and low latency XR services. RAN1 has specified multiple power saving techniques in Rel-16, including DRX adaptation, cross-slot scheduling, maximum MIMO layer(s) adaptation and SCells dormancy in Active Time. Rel-16 power saving feature specified by RNN1 is identified for power saving purpose of XR devices as shown in Table1.
Table 1: Identification of power saving features specified by RAN1 for XR devices

	Power saving techniques
	Reused by XR UEs
	Description

	DRX adaptation
	YES
	1) Wake-up indication bit before the ON duration of C-DRX cycle can be used to indicate whether to wake up receiver in the incoming C-DRX cycle to save power. 
2) Dormancy indication is also needed considering CA is supported by XR UEs.

	Cross-slot scheduling
	FFS
	Cross-slot scheduling may introduce latency increment. XR UEs with power saving requirements are usually latency sensitive.

	BWP based maximum MIMO layer adaptation
	Yes
	Maximum MIMO layer adaptation may also introduce latency increment.

	SCells dormancy in Active Time
	Yes
	SCells dormancy indication is needed considering CA is supported by XR UEs, but BWP switching based dormancy like behavior will cause additional latency.



We can see that Rel-16 power saving techniques could be used for power consumption reduction of XR service support. Whether a given power saving techniques might incur additional delay and how a power saving technique to be customized for XR service should be investigated for latency sensitive traffic.
In general, reducing PDCCH monitoring and/or increasing sleeping time is the most effective method for UE power saving. Taking reducing PDCCH monitoring as example, the enhancements on power saving techniques for CONNECTED mode UE are being discussed in Rel-17 NR UE power saving enhancement. PDCCH monitoring adaptation technique, e.g., PDCCH skipping or search space switching, can trigger UE skipping one/multiple subsequent MO(s) or switching the PDCCH monitoring periodicity in the PCell when there is no data in the buffer for gNB to schedule. The PDCCH monitoring adaptation technique can significantly reduce the UE power consumption on PDCCH monitoring when UE is in active state of data reception of XR services.  As XR traffic supports high capacity feature with low latency, Rel-17 PDCCH monitoring adaptation technique should be considered for reducing UE power consumption and active in data reception during a short break. 
On the other hand, increasing sleeping time of UE could also be considered, including reducing transmission times, transition time, etc.
At last, to satisfy the latency and reliability requirements of XR service, large number of MOs should be configured for mini-slot based scheduling. PDCCH DMRS could be used or enhanced to assist PDCCH monitoring reduction to further reduce XR device power consumption.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: Power saving customized for XR service should be investigated for delay sensitive traffic.

Potential enhancements for coverage
Coverage is an important metric for XR traffic to directly reflect user experience of the XR application. In order to provide seamless XR service, which is characterized by periodic traffic arrival with large variation of packet size, high data rate, and stringent latency requirements, the cell coverage should be enhanced to support higher data rate with stringent latency requirements. When UE is in poor coverage area within a cell, a coverage enhancement mechanism is needed to level up the data rate within a small time interval in order to support seamless XR connectivity. 
Proposal 4: Potential enhancements for coverage to adapt to XR traffic could be considered.

Potential enhancements for mobility 
The long delay of cell switchover during handover would have a period of time without delivery of XR packets when XR packets would arrival in average every 16.67 ms (60 frames per second). The drop of XR packets during the handover would degrade the QoS of XR service and deteriorates the user experience of XR service. Thus, the UE mobility needs to be enhanced to minimize the latency during the cell switchover to provide XR service continuity. 
Proposal 5: Mobility enhancement for XR traffic could be considered to reduce handover latency reduce and provide XR service continuity during cell switchover.

Conclusion 
In this contribution, potential area of NR enhancement for the support of XR services is discussed. We have the following observations and proposals, 
Proposal 1: DL capacity enhancement should be considered, SPS enhancement for XR traffic could be FFS.
Proposal 2: Configured Grant UL transmission schemes enhancements should be considered to support low latency, large data rate transmission of XR traffic.
Proposal 3: Power saving customized for XR service should be investigated for delay sensitive traffic.
Proposal 4: Potential enhancements for coverage to adapt to XR traffic could be considered.
Proposal 5: Mobility enhancement for XR traffic could be considered to reduce handover latency reduce and provide XR service continuity during cell switchover.  
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