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1. Introduction
In this contribution we further discuss the XR-awareness parameters to use in RAN:
· whether jitter is applicable to XR traffic in UL 
· how to use UL importance of PDU set in RAN
· Other information of PDU set
· PDU set information over Xn and F1 interfaces.
2. [bookmark: Proposal_Beacon]Discussion
2.1	UL Jitter information of PDU set
SA2 has only covered that N6 jitter for the DL traffic is associated with each periodicity for DL traffic in [3]. 
	8.8	Conclusions for Key Issue #8
The following information, to be provided to the NG-RAN at PDU Session Establishment/Modification via an NGAP Message, is taken as baseline for normative work:
-	Periodicity for UL and DL traffic of the QoS Flow. In addition to integer periodicity values, non-integer values associated to, e.g. 15 FPS, 30 FPS, 45FPS, 60 FPS, 72 FPS, 90FPS, 120FPS, shall be supported. Such information shall be exchanged by re-using/extending the TSCAI/TSCAC definitions in clause 5.27.2.1 of TS 23.501 [2].
-	Traffic jitter information (e.g. jitter range) associated with each periodicity. The SMF requests the UPF to derive jitter (i.e. N6 jitter) for a given periodicity. 5GC derives jitter information accordingly and forwards it to the RAN along with periodicity.


We observe the UL jitter due to the coding delay is more known by application at UE, and the value ranges about several milliseconds based on UE processing capacity. Some company may argue the UL jitter awareness is not needed since RAN2 has already agree to introduce the delay report of PDU set to the RAN for the delay awareness scheduling. However. The UL jitter awareness has no confliction with the delay report enhancement, and they have different uses. 
[image: ]
Figure 1. An example of the arrival jitter of UL XR traffic
From RAN2 point of view, the UL jitter awareness is useful for the dense CG occasions to match the UL traffic arrival to avoid the BSR transmission delay as possible. UE transmits the UL jitter information associated with each periodicity, e.g. for a bearer, to NG-RAN via UAI. On the other hand, if the NW does not enable the enough CG occasions to report the BSR, the NW can schedule data transmission based the later delay report on the sparse CG occasion.

Proposal 1: UE transmits the UL jitter information, e.g. per radio bearer, to NG-RAN via UAI in order to assist the CG configuration to match the BSR transmission.

2.2	UL importance of PDU set
For the downlink, SA2 has concluded the different PDU sets with different importance is mapped to the same QoS flow, RAN may use the PDU set importance for the PDU set level packet discarding in case of congestion as blue highlighted text in [3]. 
	[bookmark: _Toc117496842][bookmark: _Toc122518064]8.4.2	User plane enhancements for supporting PDU Set in downlink
8.4.2.1	PDU Set Information
The following PDU Set related information are identified by UPF to support PDU Set based handling:
-	PDU Set Sequence Number.
-	End PDU of the PDU Set.
-	PDU SN within a PDU Set.
-	PDU Set Size in bytes.
-	PDU Set Importance: This parameter is used to identify the importance of a PDU Set within a QoS flow. RAN may use it for PDU Set level packet discarding in presence of congestion.


And we think, that the same principle should be also applied to the uplink, UE may discard the PDU set with an associated low importance value in case of UL congestion. To support the PDU set discarding in case of congestion, assuming that RAN2 supports mapping different PDU set type (i.e., the different importance) to different RLC entities of the same DRB, NW can first configure the mapping between the PDU set type and the logical channel, and then perform the UL congestion detection for each PDU type as an implementation. And the NW can configure UE to discard the low importance PDU set(s) if UL congestion is detected by the NW or by the UE.

Proposal 2: UE uses the UL PDU set importance information for the PDU set discarding in the presence of congestion on the (UL) air interface.

2.3	Other information of PDU set
As described in TR 38.835, in order to handle PDUs efficiently in both UL and DL, the following semi-static information provided by the CN would be useful:
-	The PDU-Set Delay Budget (PSDB);
-	The PDU-Set Error Rate (PSER);
-	Traffic parameters (e.g. periodicity);
-	Jitter information (e.g. range);
-	PDU Set Integrated Indication (PSII).
Besides above parameters, the following information may also be useful.
· Maximum tolerable delay difference for group of associated flows/bearer (e.g. flow for Video and haptic):
Emerging use cases such as AR/VR and holographic communications encompass multiple simultaneous traffic flows where the arrival of packets must be synchronized. For multi-modal services like tactile/haptic communications, this includes different types of streams, e.g., corresponding to different human senses. Incorporating the five senses in the XR experience necessitates more stringent end-to-end latency, jitter, and synchronization. Such services have even more stringent requirements on the wireless network since holographic flows require very tight synchronization of the five senses. Therefore, when designing NR enhancements to support extended reality (XR) applications, it is important to consider multimodal interaction techniques, which employ several human senses simultaneously. Multimodal interaction can transform how people communicate remotely, practice for tasks, entertain themselves, process information visualizations, and make decisions based on the provided information. For XR applications transmitted via a mobile communication system like NR the interactions between different input signals can be translated to some inter-dependencies between transmissions of different flows. SA2 is discussing (key issue #1,2) solutions which allow to efficiently support multi-modal XR applications. The concept of associated flows, e.g. flows carrying Video and haptic signals of an XR application, has been proposed. These associated flows are inter-dependent and need to be handled together. Further in order to allow some coordinated transmission for associated flows to ensure synchronized delivery some, it is under discussion whether some maximum tolerable delay difference for a group of associated flows should be introduced. We think that such information, if introduced, would be also necessary and beneficial for RAN in order to a satisfy the strict QoS requirements for multi-modal XR traffic, e.g. SMF should provide information to RAN on associated flows/bearers and maximum tolerable delay difference for a group of associated flows/bearers.

Proposal 3: the following semi-static information provided by the CN would also be useful: Maximum tolerable delay difference for group of associated flows/bearer.

2.4	PDU set information over Xn and F1 interfaces
In the following we discuss XR-awareness information provided between RAN nodes in case of DC, CU-DU split and handover case.
· Handover and dual connectivity
During handover procedure, the PDU set QoS parameter and characteristics may need to be transmitted from source gNB to target gNB. There is a case that only a part of the PDUs of a PDU set has been successfully transmitted in the source gNB, while the other PDUs of the PDU set will be forwarded and transmitted by the target gNB. In this case, it is beneficial to be aware of the remaining 5G PSDB for transmitting the remaining PDUs of the PDU set for more accurate QoS management and scheduling for target gNB. The PDU set information may be also needed for the forwarding data.
For dual connectivity, the similar information as handover may also needed between MN and SN.
· CU-DU split
When receiving QoS flow from UPF, the CU performs QoS flow to DRB mapping. After the mapping, the CU may need to provide the PDU set QoS parameter and characteristics of the DRB to the DU via control plane signaling and PDU set information of the DRB to DU via GTP-U extension header since the DU is responsible for the scheduling. For UL, the gNB-DU may also need to forward some PDU set information to CU e.g. to help PDCP re-ordering function in CU.

Proposal 4: The PDU set QoS parameter and characteristics and PDU set information may also need to be transmitted between source gNB and target gNB, MN and SN, or CU and DU.

3. Conclusion
In this contribution, we discuss XR-awareness. According to above observations, we have the following proposals:
Proposal 1: UE transmits the UL jitter information, e.g. per radio bearer, to NG-RAN via UAI in order to assist the CG configuration to match the BSR transmission.
Proposal 2: UE uses the UL PDU set importance information for the PDU set discarding in the presence of congestion on the (UL) air interface.
Proposal 3: the following semi-static information provided by the CN would also be useful: Maximum tolerable delay difference for group of associated flows/bearer.
Proposal 4: The PDU set QoS parameter and characteristics and PDU set information may also need to be transmitted between source gNB and target gNB, MN and SN, or CU and DU.
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