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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
This paper will discuss XR awareness. 

Discussion
XR traffic assistance information
In Rel-16 URLLC, TSCAI is introduced to describe TSC traffic characteristics. The TSCAI is provided to the RAN from SMF per QoS flow, which contains the flow direction, periodicity and burst arrival time. Knowing that the TSC traffic characteristics are useful for RAN on more efficient scheduling for the QoS flows that have periodic and deterministic traffic characteristics.  
Table 1: TSC Assistance Information (TSCAI) in TS 23.501
	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two data bursts.

	Burst Arrival Time (optional)
	The latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or the egress of the UE (uplink flow direction).

	Survival Time (optional)
	Survival Time, as defined in TS 22.261 [2], refers to the time period an application can survive without any data burst.



Observation 1 [bookmark: _Toc127535937][bookmark: _Toc131761756]TSCAI is designed to provide the gNB with the TSC characteristics which contain direction, periodicity and burst arrival time.
Similar to TSC, XR is also periodic traffic with latency requirements. To guarantee efficient scheduling for the XR service, it would be good to let the gNB know XR characteristics.
According to SA2’s progress, NG-RAN may be provided with the UL and/or DL Periodicity by the SMF, which has been reflected in TS 23.501.
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Although the UL periodicity is designed to provide for DRX, it can be easily extended for the CG configuration. We assume the gNB can obtain UL periodicity from the CN for capacity enhancement and power saving, therefore, the UL periodicity report by the UE to the gNB seems redundant.
Observation 2 [bookmark: _Toc131761757]SA2 already specifies the UL and/or DL Periodicity obtained by the gNB from the SMF.
[bookmark: _Toc131761760]No need to report the UL periodicity from the UE to the gNB.
Taking TSCAI as a reference and targeting efficient uplink scheduling for the XR service, besides the UL periodicity, we think another important parameter is burst arrival time (i.e. BAT). 
[bookmark: OLE_LINK1]In our understanding, BAT is very useful for the RAN to configure a CG configuration that well matches the XR service characteristics/requirements. Otherwise, the transmission latency of XR packets would be introduced inevitably. Since the UL packets are generated by the UE application layer, it is possible for a UE AS layer to obtain BAT through its internal interaction. Since the gNB knows the XR periodicity, once the UE AS layer may know the arrival time of the first XR packet and then reports it to the gNB, the gNB can know the arrival time of subsequent XR packets in advance. As a result, the gNB can use such information to configure CG occasions for subsequent traffic transmission.
One may suggest using UL Jitter instead of UL BAT. To us, UL BAT has its own role to let the gNB know the reference point of the first packet arrival, while UL jitter is just a relative value range to UL BAT. Without this reference point, it is hard for the gNB to allocate the CG resources for subsequent traffic transmissions.
[bookmark: _Toc127535939][bookmark: _Toc131761761]RAN2 assumes the UE to provide the gNB with the burst arrival time to configure proper CG resources for the XR service.
Regarding the burst size, SA2 does not conclude to provide it to the gNB either. Also, SA4 indicates that the gNB cannot be aware of burst size via the information from the CN even for DL. In our view, if the gNB would not obtain the burst size information from CN, it benefits the gNB if the UE can give such a report to assist the efficient CG allocation.

PDU Set information 
In the previous RAN2 meetings, RAN2 concludes the following is useful for PDU Set handling in UL and DL.
· 1: From RAN2 viewpoint, the following information would be useful for PDU set handling in UL and DL:
· Semi-static information (from CN to RAN): At least PSER and PSDB. 
· Dynamic information: At least identifying which PDU belongs to which data burst/PDU set is also needed, including means to determine at least PDU set boundaries.

For the downlink, SA2 has concluded that the DL PDU Set information below would be identified by UPF and informed by UPF to RAN via the GTP-U header of the user plane packet, which has been reflected in TS 23.501.
[image: ]

In our view, the information highlighted in yellow (i.e. PDU Set association information) is used to identify which PDU belongs to which PDU Set, and the information highlighted in green is used to identify the PDU Set type for individual PDU Set handling.  As such DL PDU Set information should be informed to gNB, the gNB can easily identify each individual PDU Set and its type. As a result, the gNB can have a proper PDU Set operation by its configuration/implementation. 
Observation 3 [bookmark: _Toc131761758]For the downlink, RAN is required and can use the PDU Set information provided by SMF/UPF for the integrated/differentiated PDU Set handling.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: _Toc131761762]For the downlink, it depends on the gNB implementation/configuration on how to use PDU Set information. 
[bookmark: OLE_LINK4]
For the uplink, SA2 leaves the details to RAN2 to decide. As PDU Set Importance is the key information to support individual PDU Set handling, we think the simplest way is to let the UE AS layer know the PSI of each PDU Set from its upper layer. The UE AS layer would use the PSI to differentiate the PDU Set type and perform the corresponding PDCP operation, e.g. PDCP duplication or discard, as we concluded in the SI phase.
· Support of RLC bearer splitting should be limited to existing cases (e.g. PDCP duplication), no new XR-specific functionality. 
· 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.
For the packets with different PSI requirements, it is reasonable to provide higher reliability for those PDU Sets with high PSI. The transmitter can perform packet-level PDCP duplication if such selective PDCP duplication is configured by the network. 
On how to identify which PDU belongs to which PDU Set, the most straightforward way is the reuse what SA2 has decided for DL. On the other hand, if we assume that PDUs are always delivered in sequence internally within the UE, and considering only the internal interaction is involved within a UE as well as in-band marking is not needed, another way to know the association of PDUs is to know the boundary between PDU Sets. If that is the case, the UE AS layer only needs to know the information of the PDU Set boundary. 
[bookmark: _Toc131761763]For the uplink, the PSI is obtained by the UE AS layer to distinguish PDU Sets for individual PDU Set handling at the PDCP layer.
[bookmark: _Toc131761764]For the uplink, RAN2 discusses whether to support selective PDCP duplication, i.e. the transmitting PDCP entity performs packet-level PDCP duplication based on PSI in the case that the selective PDCP duplication is configured by the network.
[bookmark: OLE_LINK5][bookmark: _Toc131761765]For the uplink, the UE AS layer knows which PDUs belong to which PDU Set based on the information that is interacted from the UE’s higher layer. Such information can either be PDU Set association information defined for DL or PDU Set boundary information.

On the use of PDU Set Size or END of Data Burst indication, we understand such information may benefit capacity or power saving. But again, as it is just internal interaction within a UE and the in-band marking is excluded, we are also fine to depend on the UE implementation to predict/identify such information.  
[bookmark: _Toc47558120][bookmark: _Toc47562683][bookmark: _Toc47600085]
Additionally, SA2 also defines the following PDU Set QoS parameters for PDU Set-based QoS handling. 
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Among all PDU Set QoS parameters, we understand PSIHI is the parameter designed to handle PDUs of a PDU Set and has tight coupling with PDU Set-level operation in RAN2 (e.g. PDU Set-level discard). For PDU Set-level discard operation, PSIHI can be used to know whether to enable PDU Set discard timer, or whether the remaining PDUs are no longer needed when a PDU of the same PDU Set is lost. In one implementation, if PSIHI is set as True, all PDUs of one PDU Set would be operated as a whole, otherwise, the remaining PDUs of this PDU Set are still worth transmitting.
Although PSIHI is described from the downlink perspective, as usual, the 5G system does not distinguish QoS parameters for UL from DL. Thus, PSIHI can be applicable for both uplink and downlink. If the UL transmitter, i.e. UE, can obtain UL PSIHI from SMF, the UL PSIHI can be used e.g. for UL PDU Set-level discard operation. Otherwise, as NG-RAN can obtain PSIHI from SMF, the UE can obtain PSIHI from the gNB. 
Observation 4 [bookmark: _Toc127521740][bookmark: _Toc131761759]SA2 has concluded to use of PSIHI to indicate whether all PDUs of a PDU Set are needed. Such indication in our understanding can be used for the PDU Set discard. 
[bookmark: _Toc127521743][bookmark: _Toc131761766]As the uplink transmitter, the UE obtains PSIHI from the network to determine e.g. whether to enable PDU Set discard. If PSIHI is not indicated by the SMF, the UE AS layer expects to obtain PSIHI from the gNB.

[bookmark: _Toc109213964]Conclusion
We have the following observations:
Observation 1	TSCAI is designed to provide the gNB with the TSC characteristics which contain direction, periodicity and burst arrival time.
Observation 2	SA2 already specifies the UL and/or DL Periodicity obtained by the gNB from the SMF.
Observation 3	For the downlink, RAN is required and can use the PDU Set information provided by SMF/UPF for the integrated/differentiated PDU Set handling.
Observation 4	SA2 has concluded to use of PSIHI to indicate whether all PDUs of a PDU Set are needed. Such indication in our understanding can be used for the PDU Set discard.

We have the following proposals:
Proposal 1	No need to report the UL periodicity from the UE to the gNB.
Proposal 2	RAN2 assumes the UE to provide the gNB with the burst arrival time to configure proper CG resources for the XR service.
Proposal 3	For the downlink, it depends on the gNB implementation/configuration on how to use PDU Set information.
Proposal 4	For the uplink, the PSI is obtained by the UE AS layer to distinguish PDU Sets for individual PDU Set handling at the PDCP layer.
Proposal 5	For the uplink, RAN2 discusses whether to support selective PDCP duplication, i.e. the transmitting PDCP entity performs packet-level PDCP duplication based on PSI in the case that the selective PDCP duplication is configured by the network.
Proposal 6	For the uplink, the UE AS layer knows which PDUs belong to which PDU Set based on the information that is interacted from the UE’s higher layer. Such information can either be PDU Set association information defined for DL or PDU Set boundary information.
Proposal 7	As the uplink transmitter, the UE obtains PSIHI from the network to determine e.g. whether to enable PDU Set discard. If PSIHI is not indicated by the SMF, the UE AS layer expects to obtain PSIHI from the gNB.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
[1] RP-230786 Updated WID on XR Enhancements for NR, Nokia, Qualcomm
[2] TR 23.700-60 Study on XR (Extended Reality) and media services
[3] R2-2302309 TR 38.835 v1.0.2, Nokia (Rapporteur) 
[4] TS 23.501 v18.1.0

	3/11	
image3.png
PDU Set QoS Parameters are used to support PDU Set based QoS handling in the NG-RAN. The followings are the
PDU Set specific QoS characteristics: »

1. PDU Set Delay Budget (PSDB)

2. PDU Set Error Rate (PSER)
3. PDU Set Integrated Handling Information (PSIHI)

. Editor’s NOTE: Usage of PSIHI is FFS. ¢
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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.
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The PDU Set Information comprises: «
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- PDU Set Size in bytes. <
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The NG-RAN may use the PDU Set Importance within a QoS Flow for PDU Set level packet discarding in presence of
congestion. ¢




