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1. Background
Currently 5G_AIS (5G System Enhancement for Advanced Interactive Services, SP-190564 [1]) work item’s main goal is to define potentially new QoS parameters to address the QoS requirements defined by SA1 NCIS work and by SA4 work on 5G XR. In addition, the SA4’s new Study Item on “Feasibility Study on Extensions to Typical Traffic Characteristics” was approved in by SA#87 in SP-200054 [8] and the latest version of the related report as of SA4#110e is available in S4-201245 [9].
This paper analyses the current XR requirements and proposes potential enhancements.
2. Discussion
2.1
Indication to NG-RAN of activity factor and burst arrival rate for XR communication
Some discussions on ultra-reliable and low latency communications initially for EPS and then extended to 5GS took place in Release 15 in SA2#123, October 2017, Ljubljana (see [2-4]).
In particular, the incoming LS S2-176871 [2] from RAN2 indicated that for very low latency communication the following parameters should be known by the RAN in order to make accurate admission control decisions:

· Packet size (Application/IP level SDU size) to be delivered. This is equivalent to a bit rate within a certain short time driven by the latency requirement.

· For Non-GBR – Packet arrival rate: This will enable the RAN to understand roughly how much system capacity would be needed to handle the user and still serve other users in the system. Requiring a packet to be transferred with low latency very frequently would take more toll on system capacity than an infrequent packet transfer.

· For GBR – Activity Factor: the percentage of traffic activity among the underline QoS flow/EPS bearer which can be used together with GBR for system capacity management 

· In addition, for non-GBR bearers it would be helpful if SA2 could include an indication if this particular bearer is going to use lower latency feature and at which maximum bit rate the service is supposed to provide
· Whether a certain combination of latency+packet size+reliability is required to be guaranteed or not for the bearer.

In their reply LS S2-178150 [3], SA2 explained that 

SA2 have considered RAN2’s request for information on packet size, packet arrival rate, activity factor, and maximum data rates, and SA2 can see the value of having this knowledge within the RAN. However, when considering the EPC, SA2 see significant problems in determining these values accurately (or even approximately) and simply. 

An example of these problems is where the same type of cellular modem is built into different types of machinery (e.g. wheeled robot vs lathe) by different firms, and then those machines are sold and used in different types of factories/environments, and then the original builder (e.g. of the lathe’s software application) changes its software (and the packet size and arrival rate) without the knowledge of the HPMLN operator or the factory owner or the cellular modem builder.

While some parameters were standardized (see, e.g., packet size/Maximum Data Burst Volume (MDBV)) others, namely the Activity Factor and Packet Arrival Time, were not introduced in the normative specifications because of the unfeasibility for the CN to determine such information (see clause 6 in [4]):
Getting the HSS or PCRF to signal the burstiness of the application to the RAN via the MME still leaves the problem of how this burstiness can be determined. 
More recently, in Release 16 the work on Industrial IoT introduced the support for Time Sensitive Communications (TSC, see clauses 5.27 and 5.28 in TS 23.501). Such an environment allows a better end-to-end system synchronization as well as PCF APIs that allows an AF to provide QoS related information. The TSC Assistance Information (TSCAI) already includes the Periodicity, which can be considered equivalent to the Activity Factor, and the Burst Arrival Time, equivalent to the Packet arrival rate, that is essential to apply the other information to Admission Control (as required in the original LS from RAN2 in [2]). Notice in addition that the Rel-17 FS_IIoT work will also extend the NEF provided APIs so that an AF can provide the above-mentioned parameters to the 5GS (see the conclusions for Key Issue 3A in TR 23.700-20 [11]). Currently, however, the TSCAI is supported only for Ethernet PDU Session type and SSC mode 1. To support the QoS requirements for XR communication (see [5]), it is proposed to:

Proposal 1: extend the usage of TSC Assistance Information to the IP PDU Session type. 
2.2
Indication of burst arrival time offset to AF
Another potential improvement to support XR applications consists in the RAN indicating to the CN (and, in turns to the AF), positive or negative offset values (e.g. +3ms) for a given QoS flow so that the AF can adjust its burst sending time accordingly. Specifically, for XR DL traffic, this would allow to more equally distribute bursts over time preventing excessive RAN buffering and/or RAN resource/contention and therefore improving the RAN resource usage without affecting the end user quality of experience.

Consequently, it is proposed to:

Proposal 2: introduce in N2 QoS Notification Control an indication of the burst arrival time offset from NG-RAN to PCF to allow the AF to adjust its burst sending time.
Finally, RAN WGs 2 and 3 should be informed about the above-mentioned enhancements they should to provide feedback on whether further potential enhancements are needed. 

Proposal 3: send a liaison to RAN2 and RAN3 and to inform them of enhancements in Proposals 1 and 2 and gather feedback on whether additional parameters are deemed necessary. 
2.3
“Slice” (as defined by RFC 7798) based QoS handling
IMPORTANT NOTE: In this document we refer to the term ‘slice’ as defined in RFC 7798 [10], that is “Slices are segments of the bitstream that can be reconstructed independently from other slices within the same picture.” This term is used also in SA4’s permanent document for the FS_XRTraffic study item which can be found in S4-201245 [9].
In general, the assumption in SA4 (see [9]) is that XR applications impose requirements in terms of slices, rather than in terms of single packets. A slice represents a sequence of packets that includes, e.g., all the necessary information to reconstruct a video frame. A slice is useful only if all its packets have been received by the receiver (or a continuous sequence of packets up to the first missing packet can be used). 
In Figure 2.3-1 below shows the different steps necessary to show in the display the image rendered based on the input motion of the user. During such steps all the information associated to Pose 1 (hence the slice) needs to be delivered to the server and then to the display. If one ore more packets associated to that slice are lost, then it is not worth sending (and elaborating) the subsequent packets of that slice.
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Figure 2.3-1: example of step sequence in Motion-To-Render-To-Photon Delay for XR application
While, as explained above, XR applications benefit from a slice based QoS handling, on the other hand 5GS still handles QoS in terms of packets (see, e.g., PER = Packet Error Rate and PDB = Packet Delay Budget). Consequently, mechanisms need to be designed to determine which packets belong to the same slice and therefore apply accordingly the same QoS treatment and, if RAN is not able to deliver one or few of the packets belonging to the same slice, to be able to move to try to deliver packets from the next slice and so on. In order to do that, SA2 needs to consult with SA4 about possible mechanisms that 5GS can use to identify the start and end of the slices.
Proposal 4: SA2 to send a liaison to SA4 asking question on whether XR applications impose requirements for slices and how “start and end” of these slices can be identified in the 5GS.

3. Summary and conclusions

This paper discussed different enhancements to support XR applications and proposed the following:

Proposal 1: extend the usage of TSC Assistance Information to the IP PDU Session type. 
Proposal 2: introduce in QoS Notification Control an indication of the burst arrival time offset from NG-RAN to PCF to allow the AF to adjust its burst sending time.
Proposal 3: send a liaison to RAN2 and RAN3 and to inform them of enhancements in Proposals 1 and 2 and gather feedback on whether additional parameters are deemed necessary. 

Proposal 4: SA2 to send a liaison to SA4 asking question on whether XR applications impose requirements for slices and how “start and end” of these slices can be identified in the 5GS.
It is proposed to agree the CRs and LS outs related to the proposals available in [6, 7, 12, 13].
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