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Introduction

In last RAN#99, the WID scope of XR-awareness for XR (Extended Reality) Enhancements for NR [1] has been updated:
	Specify the enhancements for XR Awareness:

-
Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);

-
Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);

-
Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);

-
Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);



Meanwhile, in previous RAN2 meeting, XR-awareness for the Study on XR (Extended Reality) Enhancements for NR had been discussed and achieved some preliminary conclusions, as follows:

	RAN2#121 Agreement:
RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 

RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.

RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.


Hence, in this contribution, we focus on the investigation of the potential RAN2 impacts on XR awareness as follows:

Whether there are impacts of identifying by UE of PDU Sets, Data bursts and PSI, as needed to progress the study of XR enhancement for NR;
Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information. 
Discussion
Impact of identifying by UE of PDU Sets, Data bursts and PSI

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.
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. 

And currently 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)

In addition to this, the following traffic assistance information may be provided by the CN to NG RAN in order to configure UE power saving management scheme for connected mode DRX:

-
UL and/or DL Periodicity;

-
N6 Jitter Information associated with the DL Periodicity;

-
Indication of End of Data Burst.

Meanwhile, in SA2, to support PDU Set based QoS handling, the PSA UPF identifies PDUs that belong to PDU Sets and determines the below PDU Set Information which it sends to the NG-RAN in the GTP-U header. The PDU Set information is used by the NG-RAN for PDU Set based QoS handling as described above:
-
PDU Set Sequence Number.

-
Indication of End PDU of the PDU Set.

-
PDU Sequence Number within a PDU Set.

-
PDU Set Size in bytes.

-
PDU Set Importance, which identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow.

The NG-RAN may use the PDU Set Importance within a QoS Flow for PDU Set level packet discarding in presence of congestion. 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.  
On the other hand, regarding the PDU discarding mechanism, the following possible application encode options mentioned in SA2 and SA4 need to be taken into account:

Mode 1:

The XRM service PDUs have dependency with each other, where the PDUs (e.g. I frame), on which are dependent by the other PDUs (e.g. P frame, B frame), are expected to be more important and should be transmitted firstly. In this case, P frame and B frame are used to enhance the high definition, e.g. from 720p to 1080p, dropping of those P frame and B frame makes sense to keep the service when the network resource cannot transmit all of the service data.
Mode 2:

 In some XRM service, P frame and B frame are also important as I frame to construct the fluent video, dropping of those P frame and B frame causes jitter to the QoE which is not better than giving up the whole service. As explained in SA4’s LS [1], such decisions whether a belated PDU in L2-layer can be dropped or not shall be authorized or determined by individual applications. 
Hence, from our perspective, if the PSIHI is set as TURE, which means case 1 is utilized in the application layer, and then PDU Set integrated QoS handling should be taken into considered, that is,  PSDB should be considered in the PDU discard.
Otherwise, if the PSIHI is set as FALSE, which means case 2 is utilized in the application layer, and then PDU Set integrated QoS handling can be ignored, that is,  PDB should be reused in the PDU discard.
Proposal 1: PDU Set integrated QoS handling should be taken into considered, e.g. PSDB, PSER, when PSIHI is set, PDB otherwise.

Since the one QoS flow having one same QFI even there are several different PDU set with different importance, it is useful for the gNB to use the PDU Set Importance within a QoS Flow for PDU Set level packet discarding in presence of congestion, as follows:
=> RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. 

To support the usage of PSI in case of congestion, the PDU set with different PSI even with same QoS value will be set with different timers, and PSDB is the primary parameter for discard. 
Proposal 2:  To support the usage of PSI in case of congestion, the PDU set with different PSI even with same QoS value will be set with different timers, and PSDB is the primary parameter for discard. 
Provisioning by UE of XR traffic assistance information

In the previous RAN2 meeting, it was agreed that assistance information is very useful for both energy saving and capacity enhancement, as follows:

RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 

RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.

The typical periodicity of the UL pose control traffic is 4 ms, without jitter. In this case, TSCAI (Time Sensitive Communication Assistance Information) can be reused to provide the Application profile, e.g. traffic periodicity and PDU size, to the RAN via NGAP-CP signaling.
Proposal 3: TSCAI (Time Sensitive Communication Assistance Information) can be reused to provide the Application profile of traffic flow without PDU set, e.g. traffic periodicity and PDU size, to the RAN via NGAP-CP signaling.

However, as indicated in SA4, in some use cases, for example,  XR device is not co-located with the UE, which is tethered to UE via a wireless link, e.g. WIFI or Bluetooth, PDUs from application layer may arrive at SDAP with non-negligible jitters. 
Observation 1. In case XR device is tethered to associated UE, jitter information of UL PDUs is useful to RAN, e.g. for configuring CG. 

Based on this, assistance information about the packet arrival period, packet size and jitter of XR traffic flow which is will be more useful to determine the specific configuration of DRX and semi-static periods and scheduling parameters. Therefore, it is proposed as follows:
Proposal 4: The UE is preferred to send UL assistance information to gNB for UL XR traffic.

Proposal 5:
it is proposed to enable UE to report the PDU set information, e.g., buffer delay, buffer size, importance for the UL PDU set data buffered in the PDCP/RLC.

3 Conclusions

Proposal 1: PDU Set integrated QoS handling should be taken into considered, e.g. PSDB, PSER, when PSIHI is set, PDB otherwise.
Proposal 2:  To support the usage of PSI in case of congestion, the PDU set with different PSI even with same QoS value will be set with different timers, and PSDB is the primary parameter for discard. 

Proposal 3: TSCAI (Time Sensitive Communication Assistance Information) can be reused to provide the Application profile of traffic flow without PDU set, e.g. traffic periodicity and PDU size, to the RAN via NGAP-CP signaling.

Observation 1. In case XR device is tethered to associated UE, jitter information of UL PDUs is useful to RAN, e.g. for configuring CG. 
Proposal 4: The UE is preferred to send UL assistance information to gNB for UL XR traffic.

Proposal 5:
it is proposed to enable UE to report the PDU set information, e.g., buffer delay, buffer size, importance for the UL PDU set data buffered in the PDCP/RLC.
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