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Introduction
According to the description of Rel-18 study item on NR enhancements for XR [1], RAN2 should be involved to address the following objectives:
	The study is to be based on Release 17 TR 38.838, on corresponding Release 17 work from SA4 (as per SP-210043) and on Release 18 work from SA2 (as per SP-211166). 
1. Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.
2. Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
3. Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements.



This paper aims to provide our views on how the system capacity could be improved for XR services. More specifically, it is known that each XR application data unit can be treated as a PDU set, in this paper we will examine how characteristics of a XR PDU set could be utilized to improve system efficiency. 
Discussions
Scheduling for PDU Sets
As explained in [2], a PDU set can be seen as an application layer data unit comprising multiple packets, and the application may only find a received PDU set useful if all packets within this PDU set are successfully delivered. In general, QoS handling should be conducted at the PDU set level. From this point of view, the existing per-packet MAC scheduling mechanism could be enhanced to improve the efficiency.
To achieve more efficient scheduling for PDU set, one of the possible directions is allowing the gNB to allocate multiple PDSCH/PUSCH resources via single DCI. This allows a PDU set level scheduling, where multiple transmission opportunities are scheduled at once for one PDU set. Such mechanism may be developed in different ways, for examples:
· A new DCI that indicates information for more than one dynamic PDSCH/PUSCH resources.
· A new DCI that indicates a number of consecutive SPS/CG occasions the UE should process for DL/UL. The SPS/CG occasions that are not covered by this indication could be suspended/skipped.
· A new DCI that indicates a time interval wherein the UE should process the CG/SPS occasions within the time interval for DL/UL. The SPS/CG occasions outside the indicated time interval could be suspended/skipped.
One potential advantage of these schemes is control signaling overhead reduction. Nevertheless, it does not seem to be in the scope of this SI. In any case, since DCI enhancement is in RAN1’s scope, we think RAN2 may consider such approach if the benefits are confirmed by RAN1.
Proposal 1: Joint scheduling of multiple PDSCH/PUSCH via single DCI may be considered if RAN1 finds it beneficial for XR.

On the other hand, in order to assist more appropriate uplink scheduling for PDU sets, the UE may provide some information relating to the PDU sets that have arrived in the buffer, such as the size of each PDU in the PDU set, and the number of PDUs in the PDU set etc. 
Moreover, for some applications, different PDU sets in one traffic flow may have different “importance” levels. For instance, an important PDU set may correspond to an I-Frame of video, while PDU sets representing other video frames such as P-Frame may be considered as “less important”. Obviously, the QoS requirements of different PDU sets on a traffic flow may be different, and they may be mapped to different DRBs. However, it is also possible that they are mapped to the same DRB (which is more beneficial for UE implementation), and in this case the information relating to the PDU set arrived in the uplink buffer allow the gNB to make a better scheduling decision.  Hence, to make sure the gNB is able to allocate resources efficiently while guaranteeing successful delivery of important PDU sets with a desired reliability, from our point of view it is useful for the UE to indicate the importance level of the PDU set(s) arrived in the uplink buffer.
Proposal 2: The UE should be allowed to provide certain information relating to PDU sets arrived in the uplink buffer, such as the number of PDUs in the PDU set and/or the importance level of the PDU set, in order to facilitate more efficient uplink resource allocation.

Packet Dropping or QoS Adaptation within a PDU Set
We have noted that, SA2 has been discussing some potential new QoS information relating to a PDU set including [2]:
· Whether to drop a PDU Set in case PDU Set Delay Budget (PSDB) is exceeded 
· Whether all PDUs are needed for the usage of PDU Set by application layer 

From our perspective, these new QoS information for PDU sets imply the following two possible cases:
· Case 1: The application cannot tolerate any packet loss in one PDU set, so if any packet of a PDU set cannot be successfully delivered within the PSDB, the remaining packets are useless to the application even if they are correctly received.
· Case 2: Even if some (less essential) packets are lost, or if a minimum required number of packets of the PDU set are already delivered, the application may still be able to make use of the PDU set.
Both of these cases suggest that the transmitter may be able to discard some of the packets of a PDU set when it is needed or allowed. This represents a good opportunity for RAN to improve the system efficiency, as it does not have to process all the packets, as explained below:
In Case 1, if the transmitter can determine that at least one of the packets of the PDU set cannot be successfully delivered within in the delay budget, it can proactively drop the remaining packets of the PDU set that are still being processed or are still pending in the buffer; since these packets are anyway not useful for the application layer, it is not necessary to transmit them over the air interface. 
In Case 2, if a minimum requirement for a PDU set is achieved and the application can already make use of the received data, the transmitter may stop transmitting the remaining packets of a PDU set. This is particularly useful when the resource is constrained and/or when the UE battery is running low. Although this may be sub-optimal from user experience point of view, it may prolong the operations for XR services by saving significant amount of resource/power.
Rather than dropping the packets, one alternative would be to autonomously relax the QoS requirements for the remaining packets in the PDU set. In both Case 1 and Case 2, the transmitter may choose to transmit the remaining packets with less radio resource even if it does not meet the nominal performance requirement. In other words, the transmitter would still try to transmit these packets, but not necessarily in a best-effort manner. 
Based on the discussions, we propose the following:
Proposal 3: RAN2 should consider the following two cases for XR services for resource efficiency enhancement:
· Case 1: The application cannot tolerate any packet loss in one PDU set
· Case 2: The application can make use of a PDU set even if not all packets are successfully delivered

Proposal 4: Packet dropping or QoS adaptation within a PDU set may be allowed to improve resource efficiency. Detailed mechanisms can be discussed in the work item phase.

Conclusions
This contribution provides some of our views on how capacity can be improved for XR-services. We have drawn the following proposals:
Proposal 1: RAN2 should consider joint scheduling of multiple PDSCH/PUSCH via single DCI, in order to accommodate PDU Set transmission.
Proposal 2: The UE should be allowed to provide certain information relating to PDU sets arrived in the uplink buffer, such as the number of PDUs in the PDU set and/or the importance level of the PDU set, in order to facilitate more efficient uplink resource allocation.
Proposal 3: RAN2 should consider the following two cases for XR services for resource efficiency enhancement:
· Case 1: The application cannot tolerate any packet loss in one PDU set
· Case 2: The application can make use of a PDU set even if not all packets are successfully delivered
Proposal 4: Packet dropping or QoS adaptation within a PDU set may be allowed to improve resource efficiency. Detailed mechanisms can be discussed in the work item phase.
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