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1. Introduction
In the Rel-18 Study Item on XR Enhancements for NR, one of the objectives is as follows:
	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.


[bookmark: _Toc54284460]In this contribution we will discuss XR-specific capacity improvements and provide our considerations on it.  
2. Discussion
2.1 XR-specific characteristics and issues
It is well known that XR service has some special characteristics, such as high data rate, low latency, real-time interaction, periodic and variable video frame date. 
Due to the periodic characteristic of XR service, SPS and CG are assumed as the basic transmission solutions in RAN for XR service. However, from the perspective of packet transmission in RAN, the potential issues identified during Rel-17 SI on XR include:
· non-integer periodicity: For XR service video stream, video frames are always periodic with variable packet size. For example, video stream can have different frame rates, e.g., 60/90/120 fps. As a consequence, the corresponding periodicity is 16.77/11.11/8.33ms and is non-integer;
· unpredictable jitter: due to the different delays caused by network transportation, every packet will arrive at RAN with different jitter and not exactly periodically.
What’s more, the variable frame size of the video frame for XR service could cause either or both variable size packets and variable number of packets for PUD Set. Obviously the current CG and SPS approaches based on semi-static configuration of fixed periodicity and grant size are not adequate to support XR traffic with variable packet burst of a PDU set.
Observation 1: CG and SPS approaches based on semi-static configuration of fixed periodicity and grant are not adequate to support the video stream of XR traffic flow
For XR services, especially for the video stream, the characteristic of PDU Set is very important since a group of packets would be used to carry payloads of a PDU Set (e.g. a frame, video frame/slice/tile). In application layer, packets in such a PDU Set should be handled as a whole, i.e., the groups of packets within the PDU Set have inherent dependency on each other. For example, the frame/video/tile slice could only be decoded and decompressed in case all of the packets carrying the frame/video slice are successfully received. P-frame could only be decoded and decompressed in case of the previous I-frame or P-fame are decoded and decompressed successfully. The payloads of a PUD Set will be encapsulated into a group of transport packet for delivery and arrive successively at RAN, and then are transmitted by RAN one by one successively rather than are transmitted as a whole until all packets arrives at RAN
As mentioned above, a fact is that a group of packets would be used to carry payloads of a PDU Set. For example, each compressed video frame is divided into a number of transport units, and each of which is encapsulated into a transport packet. That is to say, a group of packets for a frame arrive at RAN and then are transmitted by RAN one by one successively rather than are transmitted as a whole until all packets arrives at RAN. 
Another fact is that in application layer, the decoding and decompression also treat the group of packets as a whole, so at the client of the service, buffering previously arrived packets for a PDU Set is necessary and some delayed packets could be tolerable.
Observation 2: some extra delay for some packets of a PDU Set may be inevitable due to the jitter but is tolerable for XR service application
2.2 Analyse on mode of resource allocation and scheduling based on traffic model
According to [6], XR traffic could be modeled as one or multiple streams, according to the characteristic of the streams, different radio resource allocation modes may be suitable for different streams. Take the AR uplink streams as examples in the following table.
	Traffic model
	Traffic flow
	Characteristics
	Potential suitable resource allocation mode

	Model 1: one stream model
	Stream 1
	Packet size is variable
	Dynamic grant

	Model 2: Two streams model
	Stream 1 for pose/control
	Packet size is stable
	CG

	
	Stream 2 aggregating scene, video, data, and audio
	Packet size is variable
	Dynamic grant

	Model 3A: Three streams model A
	Stream 1: pose/control
	Packet size is stable
	CG

	
	Stream 2: A stream aggregating streams of scene and video
	Packet size is variable
	Dynamic grant

	
	Stream 3: A stream aggregating streams of audio and data
	Packet size is stable
	CG

	Model 3B: Three streams model B
	Stream 1: pose/control
	Packet size is stable
	CG

	
	Stream 2: I-stream for video
	Packet size is variable
	Dynamic grant

	
	Stream 3: P-stream for video
	Packet size is variable
	Dynamic grant


Proposal 1: the suitable radio resource allocation mode for different streams of different models is different. CG and SPS could be suitable for the flow with small, stable size and periodic traffic; 	Dynamic grant and assignment could be suitable for the flow with variable size traffic
2.3 Uplink transmission enhancement for XR service
Compared with the downlink traffic stream, the uplink traffic has little or no jitter and transport delay. Since the data is generated at UE, the uplink data could be scheduled timely and with more predictable mechanism. As analysed in 2.2, current CG could be suitable for the flows with small, stable and periodic traffic which include:
· Stream 1 for pose/control in the Model 1, Model 2, Model 3A, Model 3B
· Stream 3 for audio and data in Model 3A
For the flows for uplink video traffic, such as Stream 1 in Model 1, Stream 2 in Model 2, Model 3A and Model 3B, Stream 3 in Model 3B, dynamic grant is more suitable since the traffic may be large and variable. The uplink dynamic grant usually started from the received BSR, and the video traffic is periodic. One potential solution is to combine the CG and dynamic grant for the uplink video traffic transmission. CG is configured for the BSR transmission with the periodicity based on the rate of video frame, and then followed dynamic grant will be used to transmit the uplink video traffic. However, when C-DRX is configured, the followed dynamic grant can only occur in the time when the timer drx-RetransmissionTimerUL corresponding to the CG is running or the following timer drx-onDurationTimer is running. This would cause much extra delay for the uplink video traffic transmission which could be not acceptable for XR service as illustrated in figure 1.


Figure 1
To reduce the extra delay between the CG for BSR and the dynamic grant for the corresponding video traffic, an specific CG can be defined which is followed a period of Active time for the corresponding dynamic grant as illustrated in figure 2. By introducing the specific CR, on one hand, the video traffic can be scheduled as soon as possible to reduce the transportation delay in Uu interface, on the other hand, the impact on the C-DRX mechanism is minimized.


Figure 2
Observation 3: the combination of CG and dynamic grant is more suitable for the uplink video traffic transmission
Proposal 2: CG is configured for the BSR and enhanced with a followed Active time for the dynamic grant for the corresponding uplink video traffic transmission
2.4 Alignment between uplink and downlink transmission
XR services usually have uplink and downlink traffic stream simultaneously. The alignment between uplink and downlink transmission in Uu interface can make the UE less awake for the monitoring of PDCCH while C-DRX is configured, and can save the power consumption of UE. Actually, the characteristics of uplink and downlink traffic are not exactly the same. For example the uplink traffic stream is more predictable since there is no or little jitter. This characteristic makes uplink stream be more suitable for the baseline for the alignment.
Observation 4: the alignment between uplink and downlink transmission is very helpful for power saving of UE 
Proposal 3: the uplink traffic stream is more suitable for the alignment baseline between uplink and downlink transmission.
Similar to the uplink, different kinds of downlink flow could be transmitted by different modes of resource allocation and scheduling. For the downlink flows with small, stable and periodic traffic, such as the stream for audio and data, could be transmitted by current SPS. While for the downlink flows with large and variable traffic, such as the stream for the video is more suitable to be transmitted by dynamic assignment.
The downlink SPS could be configured and transmitted as current specification and is not necessary to be aligned to the uplink transmission of the XR traffic. The downlink dynamic assignment would be aligned to the uplink dynamic grant to enable UE be less awake to monitor PDCCH. Based on the enhanced uplink transmission, the aligned downlink transmission by dynamic assignment could occur in the same Active time followed the enhanced CG for XR service as illustrated in figure 3. 


Figure 3
Proposal 4: the downlink dynamic assignment should be aligned to the uplink dynamic grant for the video traffic transmission in the  same Active time followed the enhanced CG for XR service.
3. Conclusion
In this contribution, we provide our considerations on XR-specific capacity improvements and then we have:
Observation 1: CG and SPS approaches based on semi-static configuration of fixed periodicity and grant are not adequate to support the video stream of XR traffic flow 
Observation 2: some extra delay for some packets of a PDU Set may be inevitable due to the jitter but is tolerable for XR service application
Proposal 1: the suitable radio resource allocation mode for different streams of different models is different. CG and SPS could be suitable for the flow with small, stable size and periodic traffic; 	Dynamic grant and assignment could be suitable for the flow with variable size traffic
Observation 3: the combination of CG and dynamic grant is more suitable for the uplink video traffic transmission
Proposal 2: CG is configured for the BSR and enhanced with a followed Active time for the dynamic grant for the corresponding uplink video traffic transmission
Observation 4: the alignment between uplink and downlink transmission is very helpful for power saving of UE 
Proposal 3: the uplink traffic stream is more suitable for the alignment baseline between uplink and downlink transmission.
Proposal 4: the downlink dynamic assignment should be aligned to the uplink dynamic grant for the video traffic transmission in the the same Active time followed the enhanced CG for XR service.
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