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Introduction

In previous RAN2 meeting, XR-awareness for the Study on XR (Extended Reality) Enhancements for NR had been discussed and achieved some preliminary conclusions. And SA2 had sent a LS [1]to RAN2 with some solid conclusions. Hence, in this contribution, we focus on the investigation of the potential RAN impacts on traffic prioritization of XR traffic, e.g. whether there are impacts to LCP mechanism, considering the SA2 and RAN1 work on the XR enhancement to progress the study of XR enhancement for NR. 

Discussion
As shown in SA2 LS, PDU Set based QoS framework is defined in SA2 as follows:

	Q1: In order to decide how PDU sets could be mapped in radio protocols, RAN2 is wondering if different PDU sets could have different characteristics (for instance importance, PSER, and/or PSDB) and if so, which characteristics can be different and with which granularity (e.g. QoS flow, individual PDU Sets…)

SA2 Answer:  Based on the conclusion from the FS_XRM study (See TR 23.700-60), SA2 agreed to define new 5G QoS parameters for PDU Set concept. The PDU Set comprises of one or more PDUs for which the following PDU Set QoS parameters are applicable: 

PDU Set Delay Budget (PSDB)

PDU Set Error Rate (PSER)

PDU Set Integrated handling Indication (PSIHI)

SA2 also agrees to define PDU Set importance that is conveyed on per-PDU Set basis.  All the PDU Sets within one QoS flow should apply the same PSER, PSDB and PSIHI.  The PDU Set importance of the diferent PDU Sets within one QoS flow can be different.  
Q2: RAN2 would also like to know whether different types of PDU set can be mapped to the same QoS flow and if so whether RAN should have the ability to treat those differently over the air interface.  If RAN should have such an ability, RAN2 would like to know based on what information signalled to the gNB this would be based on.
SA2 Answer: 

SA2 has agreed that 1) Different types of PDU set can be mapped into the same QoS flow if their PDU set QoS parameters (and other QoS characteristics, e.g. 5QI, ARP) are the same. One QoS flow is associated with one PSER and one PSDB at any time. 2) Different PDU sets within one QoS flow can be associated with different ‘PDU Set importance’ information.
As concluded by SA2 in the FS_XRM study, the PDU Set information ‘PDU Set importance’ may be provided by the UPF to NG-RAN via GTP-U header of user plane packet. It may be used by NG-RAN for PDU Set level packet discarding in presence of congestion.


Answers in SA4 LS
	Feedback: 

In-sequence delivery is preferred but not at the expense of introducing delay in delivery of packets to the RTP layer (i.e. latency that might be caused by the lower layers at the receiver side having to buffer and re-order packets before delivery to the RTP layer). Some codecs can take advantage of packets being delivered as soon as they are received at the lower layers (even if out-of-order). The SRTP/RTP receiver can perform re-ordering if needed.

With regards to the PSDB, the SA4 assumes the PDU Set reception will happen within the PSDB target. However, the delivery of late PDU Sets may still be useful in some cases.

2. Actions:

To RAN2 group.

ACTION: SA4 kindly asks RAN2 to take above information into account. The RTP layer can handle (and potentially exploit) out-of-sequence reception of RTP packets, and some codecs even require it for good operations. Thus, “SA4 prefers that the lower-layers on the receiver side do not enforce in-sequence delivery to the RTP layer for PDU Sets received out-of-sequence”.


There is multiple associated data streams per-application with different QoS requirements, which cannot be well supported by the existing 5G QoS. For example, the basic unit of the stream is a “Group of Pictures”, made up of three frame types: I, B, and P. I-frames (intra) are completely self-contained frames, which are compressed using intra-frame techniques only, meaning that the information stored is complete enough to decode the frame without reference to any adjacent frames. Whereas, for B (bi-directional) and P (predictive) pictures, however, only “difference information” (frame-to-frame changes) is stored, this generates much less data. Some pictures can only be reconstructed by referring to the I-pictures around them, which is why the different picture types are grouped into GOPs, as shown in figure 1:
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Figure 1: Diagram of an exemplary encoding process used PDU Set, GOP [2]
As we illustrate in other papers, the new information associated with PDU-Set can facilitate the PDU Set integrated packet handling and Differentiated PDU Set handling, which can affect XR experience and radio resource management efficiency. Then the critical issues are what impact on PDU prioritization by the PDU Set integrated packet handling and Differentiated PDU Set handling. 
Firstly, regarding differentiated PDU Set handling, the PDU set with different PDU type can be mapped into different DRBs or one DRB with different RLC entities and corresponding Logical channels. Hence, the impact by differentiated PDU Set handling only on how to map QoS flow into DRBs and RLC entities, rather than logical channel prioritization. 

Moreover, since the one QoS flow having one same QFI even there are several different PDU set with different importance, and the QFI always can be corresponding to the priority of logical channel, it is more efficient to introduce an additional factor for L2 scheduling, rather than just mapping the importance information  into the priority for L2 scheduling as well.
Proposal 1: the impact by differentiated PDU Set handling only on how to map XR QoS into DRBs and RLC entities, rather than logical channel prioritization.

Proposal 2: it is proposed to introduce an additional factor for L2 scheduling, rather than just mapping the importance information  into the priority for L2 scheduling as well.
Subsequently, for PDU Set integrated QoS handling, for DL, after identification of PDU Sets in CN side, the UPF can add PDU Set associated information into the GTP-U headers of DL packets or notify the information through signalling as the way of assistant information of TSN, in order to assist RAN for PDU Set integrated QoS handling. However, how the RAN to perform corresponding QoS handlings with the granularity of PDU Set, i.e., the PDU Set integrated packet handling is left to network implementation. An exemplary is that through such information, the RAN can determine the PDU Set boundaries and prioritize the PDU set integrated scheduling, as well as can decide to drop the remaining PDUs belonging to the same PDU Set if one key PDU was lost, e.g. I frame. Similarly, the use of RPS-SN allows the RAN to drop all dependent PDU Sets if the Reference PDU Set has not been transmitted successfully. 

For UL, the UE can allocate PDU Set ID based on the detection rules and then provide the PDU Set ID and other assistant information in each uplink packet to the RAN node. 

Regarding the UL inter-UE XR services, how the gNB to prioritize the UL inter-UE XR services even with same service priority taking the frame integration into account is left to network implementation, except some indication for service cancellation similar to specified in IIOT/URLLC. 

However, for the UL intra-UE prioritization the enhancement of taking the frame integration into account and the behaviour of dropping the remaining PDUs belonging to the same PDU Set if one key PDUs was lost, e.g. I frame, requires the specification work in MAC layer, even PDCP layer. An exemplary case is that the priority of the LCHs for packet B41 and B23 are same, and the B41 is arrival earlier than B23. The B41 will be prioritized to be filled in the available UL-SCH indicated in UL Grant or Configured Grant, as traditional Logical channel prioritization criteria. Nevertheless, considering the PDU Set integrated packet handling, as 3/4 packets in GoP2 has been successfully delivered, the B23 will be prioritized over the B41. And such enhanced LCP mechanism should be notified to UE and specified in MAC specification.
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Figure 2: Diagram of an exemplary encoding process used PDU Set, GOP [3]
Proposal 3: for the enhanced logical channel prioritization taking the frame integration into account should be notified to UE and specified in MAC specification.

On the other hand, as we discussed in previous meeting, it will bring benefits for cell capacity if the LCP procedure is more aware of the delay costed by uplink data,as some companies proposed remaining PDB. However, we tend to enable UE to report the resident time for the UL data buffered in the PDCP/RLC.If the residual time of some buffered data  exceeds threshold, the LCP procedure can give higher priority to the data, so that their delay requirement can be  met.  
Proposal 4:
it is proposed to enable UE to report the resident time for the UL data buffered in the PDCP/RLC.

3 Conclusions

Proposal 1: the impact by differentiated PDU Set handling only on how to map XR QoS into DRBs and RLC entities, rather than logical channel prioritization.

Proposal 2: it is proposed to introduce an additional factor for L2 scheduling, rather than just mapping the importance information  into the priority for L2 scheduling as well.
Proposal 3: for the enhanced logical channel prioritization taking the frame integration into account should be notified to UE and specified in MAC specification.

Proposal 4:
it is proposed to enable UE to report the resident time for the UL data buffered in the PDCP/RLC.
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