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Introduction
eXtended Reality (XR) and Cloud Gaming are some of the most important 5G media applications under consideration in the industry. XR is an umbrella term for different types of realities and refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables. It includes representative forms such as Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR) and the areas interpolated among them [1].
Rel-17 study item on XR evaluation for NR was approved at RAN#86 meeting [1] and further revised in [2]. The objectives of the study item: 
	The following applications are to be considered as starting points for this study: 
· VR1: “Viewport dependent streaming”
· VR2: “Split Rendering: Viewport rendering with Time Warp in device”
· AR1: “XR Distributed Computing”
· AR2: “XR Conversational”
· CG: Cloud Gaming
Note: Use cases in quotes are from TR26.928.

The following traffic parameters for the different applications are to be considered as starting point for the study:
Traffic characteristics:
· UL and DL File Size distribution (e.g., Pareto with given parameters)
· UL and DL File arrival time distribution (e.g., Periodic every 1/60 seconds)
Traffic requirements: 
· Round-trip-time or UL and DL one-way Packet delay budget (PDB)
· UL and DL Packet error rate (PER)

The objective 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 


  
5G NR is designed to support applications demanding high throughput and low latency in line with the requirements posed by the support of XR and Edge Computing applications in NR networks. XR and Edge Computing are services enabled by Rel-15 NR networks. In this contribution we provide our views on potential enhancements in 5G NR to support XR.

Discussions
CSI Report Enhancements
In legacy NR to support eMBB application, a typical data transmission uses a BLER target of 10%. Higher BLER target as in legacy NR operation results in the selection of higher MCS for the data transmission. Hence, it maximizes the instantaneous throughput. High throughput is typically needed for video streaming application (particularly with high quality 4K or 8K video resolution). However, it may increase the number of block errors rate due to possible temporary bad radio link condition (e.g., UE sudden movement, blockage). Furthermore, this will trigger HARQ retransmissions for an unsuccessful packet reception, leading to increasing packet delay. The total delay introduced by retransmission are contributed by the airtime of packet retransmission, TX buffering delay, RX packet re-ordering delay (RLC packets within a retransmitted transport blocks will likely be delivered to PDCP out of order. Reordering at PDCP will cause additional delay on adjacent packets). 

A specific use-case in NR, URLLC, uses another BLER target that is the BLER target of 0.001%. This BLER target is much lower than the BER target of the legacy NR to support eMBB as mentioned above. This would significantly improve the reliability of the packet transmission. The usage of such BLER target improves the reliability by using a lower MCS. This may significantly reduce the throughput.

Observation 1: The BLER target of 10% for legacy NR / LTE can maximizes the instantaneous throughput but it can also increase the packet retransmission rate. The BLER target of 0.001% for URLLC application can improve the reliability (i.e., reducing the packet retransmission rate) with the cost of reducing the instantaneous throughput.

One key aspect of XR application is to ensure the packet transmission is within packet delay budget (PDB). The throughput is also important however it is not necessarily the highest instantaneous throughput for each transmission. This can be achieved by enhancing UE reporting to assist gNB in providing reliable transmission. The enhancement is needed so that the gNB can allocate higher data rate with better reliability (e.g better than eMBB reliability but not necessarily the same as URRLC reliability).

Proposal 1: Study CSI report enhancements for XR application.
Packet Retransmission Enhancements

High packet delay should be avoided for XR application because it may disrupt the service or reduce the user experience quality. Long packet delay is typically due to retransmission. In legacy NR, a 4 times retransmission is supported to improve the reliability with the cost of long delay. A packet with four retransmissions would not meet the packet delay budget of XR application. A retransmission would increase the latency by at least 4 ms. From our analysis, 1 retransmission is still sufficient to meet the packet delay budget PDB. 

Observation 2: 4 times retransmission as in legacy NR is designed to improve the reliability with the cost of long delay. A packet with four retransmissions would not meet the packet delay budget (PDB) of XR application. XR application require a transmission with a low number of possible retransmissions.

Packet retransmission can be avoided by ensuring ultra-reliability of the first transmission. However, ultra-reliability is typically reduced the instantaneous throughput. High throughput may still be needed as many XR applications require high data rate (e.g. video streaming). We consider the gNB can still transmit the data with relatively high MCS for the first transmission (e.g., not necessarily with ultra-reliability). However, in case there is a retransmission, the gNB would need to increase the reliability of the retransmitted packet. This would prevent or at least minimize the possible further packet retransmission.

A data packet with large transport block size is typically divided into multiple Code Block Group (CBG) where each CBG has its own CRC check. This allows the gNB to retransmit the CBGs that failed the CRC check rather than waste the resources to transmit the entire TBS. We need to increase the reliability of the retransmitted CBG(s) so that it will increase the successful rate and avoid further retransmission. The retransmission may contain CBG with lower MCS and/or CBG with repetitions. It would be beneficial to further study this aspect.

Proposal 2: Study to minimize the packet retransmission by improving the reliability of retransmitted packet (e.g., the first packet retransmission).
Enhancement of scheduling methods toward XR traffic

Different from DL XR traffic, UL XR traffic is generated at UE side. Therefore, UE can identify UL XR traffic features, such as the FPS, 5QI, data rate, etc. If such information can be sent to gNB in advance prior to the actual XR traffic transmission, gNB can schedule suitable UL grant for XR traffic. Similar mechanism has already been adopted in Rel-16 sidelink, where UE can report UE assistance information (UAI) to gNB. The content of UAI is detailed in Figure 1. It is worth noting that current UAI has not been designed to fully support XR traffic.. For instance, 30 FPS is not supported in trafficPeroidcity-r16. Potential enhancements can be further studied. 

Observation 3: The legacy UE assistance information (UAI) in NR has not been designed to fully support XR traffic. For instance, 30 FPS is not supported in trafficPeroidcity-r16.
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[bookmark: _Ref78782928]Figure 1: The content of Rel-16 UAI

Proposal 3: Support to enhance UE reports on traffic features to gNB. UAI mechanism can be as the starting point.

With reported XR traffic information, gNB needs to schedule suitable UL grant to UE. A similar problem is that the current configured grant (CG) scheduling method also may not match XR traffic in some cases. For example, it cannot support non-integer periods, such as 30 FPS, 60 FPS, 90 FPS, and 120 FPS. Supported periods of CG are summarized in Figure 2. If using such CG to support non-integer periodic XR traffic, the mismatch between integer periodic CG and non-integer periodic traffic will accumulate, and risking exceed the packet delay budget (PDB). 
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[bookmark: _Ref78782913]Figure 2: Configured Grant Periodicity Configuration in Rel-16

A possible solution to this problem is using pseudo periodic CG, which takes the mismatch in to account. For instance, the pseudo periodic CG designed for 30 FPS traffic can be detailed in Figure 3. The periodic of 30 FPS is 33.33 ms. Basic period of pseudo periodic can be set to 33 ms. Extra 1 ms can be added to every 3 periodic. Hence, the time gap between traffic generation and transmission resources can be limited to no more than 1ms. This  scheme is just an example, and it can also be extended to Semi-Persistent Scheduling (SPS) scheme. 

Proposal 4: Considering the current CG mainly designed to support integer periods, support periodic CG enhancements with non-integer periodicity (with integer frequency). 
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[bookmark: _Ref78782901]Figure 3: A schematic/illustration of pseudo periodic CG


Summary
In this contribution, we have discussed our view on potential enhancements to support XR applications. Our observations and proposals are listed below:

Observation 1: The BLER target of 10% for legacy NR / LTE can maximizes the instantaneous throughput but it can also increase the packet retransmission rate. The BLER target of 0.001% for URLLC application can improve the reliability (i.e., reducing the packet retransmission rate) with the cost of reducing the instantaneous throughput.

Observation 2: 4 times retransmission as in legacy NR is designed to improve the reliability with the cost of long delay. A packet with four retransmissions would not meet the packet delay budget (PDB) of XR application. XR application require a transmission with a low number of possible retransmissions.

Observation 3: The legacy UE assistance information (UAI) in NR has not been designed to fully support XR traffic. For instance, 30 FPS is not supported in trafficPeroidcity-r16.

Proposal 1: Study CSI report enhancements for XR application.

Proposal 2: Study to minimize the packet retransmission by improving the reliability of retransmitted packet (e.g., the first packet retransmission).

Proposal 3: Support to enhance UE reports on traffic features to gNB. UAI mechanism can be as the starting point.

Proposal 4: Considering the current CG mainly designed to support integer periods, support periodic CG enhancements with non-integer periodicity (with integer frequency). 
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 periodicity-
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).<
The following periodicities are supported depending on the configured subcarrier spacing [symbols]}
15 kHz: 2,7,n*14, where n={1, 2,4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}«
30 kHz: 2,7,n*14, where n={1, 2,4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}«
60 kHz with normal CP 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}«
60 kHz with ECP: 2,6,n"1 1,2,4,5,8,10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}«
120 kHz: 2,7.n 14 where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}«

 periodicityExt:

This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field

periodicity is ignored. <
The following periodicites are supported depending on the configured subcarrier spacing [symbols]:<*

15 kHz: periodicityExt*14, where periodicityExt has a value between 1 and 640.<

30 kHz: periodicityExt*14, where periodicityExt has a value between 1 and 1280.¢
60 kHz with normal CP:  periodicityExt*14, where periodicityExt has a value between 1 and 2560.<
60 kHz with ECP: periodicityExt*12, where periodicityExt has a value between 1 and 2560.<

120 kHz: periodicityExt*14, where periodicityExt has a value between 1 and 5120.<
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