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Introduction
The study of XR in NR started in Rel. 17 and continues in Rel. 18 following by a working item. The objectives of study item on XR in Rel. 18 were defined [1]. The enhancements will be studied to achieve improved power consumption and network capacity considering the characteristics of the XR traffics. In this contribution, we present several capacity enhancement techniques to support XR in NR more efficiently.

Characteristics of XR traffics
The traffics for XR applications were studied extensively during the study item phase in Rel. 17 [2]. XR applications impose high data rates both in downlink and uplink. The high data rates are originated from video and pose/control streams. The video streams are considered as quasi-periodic traffics. The video streams typically generate video frames at the rate of 60/90/120 fps. Each frame could arrive over a jitter window. The jitter could span over a [-4,4] ms window or even a larger window. In addition, the frame sizes could be large and vary. In order to carry the video streams in the network, each frame should be divided into smaller IP packets. All the IP packets should be received successfully to reconstruct the frame out of them. For typical XR applications, such as AR/VR, the packet delay budget (PDB) could be 10 ms, while typical cloud gaming applications require PDB of 15 ms. The pose/control streams generate less amount of traffic (e.g., 0.2 Mbps) but with more frequent packets, e.g., 250 fps and the PDB of 10 ms. Moreover, the XR applications would require supporting multi-stream traffics in uplink (UL) and downlink (DL).

Discussions
The dynamic scheduling could be a feasible approach to support XR traffics in DL. The gNB can assign dynamic resources for the XR upon arrival of the traffic. However, the dynamic scheduling for XR UL traffic may increase the latency, since the UE needs to send a scheduling request (SR) and buffer status report (BSR) to be scheduled. On the other hand, relying only on CG for XR UL traffic is not feasible due to the jitter and varying size of frames. Hence, a combination of CG and dynamic scheduling is necessary. The UE can be configured with several CG configuration to initiate the UL transmission upon arrival of data. The CG can also carry the BSR to facilitate the dynamic scheduling afterwards when this CG cannot contain all data. This however requires considering enhancements for the CG, including, supporting the non-integer periodicities and enabling performing retransmissions afterwards. The relevant enhancements are discussed here.
Support of non-integer periodicities
The XR traffics cannot be supported efficiently with the current NR specifications. The supported periodicities for CG configurations do not match well with the video stream periodicities, i.e., 16.66667, 11.11111, and 8.33333 ms (which are corresponding to 60/90/120 fps). 
Proposal 1: CG should efficiently handle the non-integer periodicity transmissions, including the video stream frame periodicities like 16.66667, 11.11111, and 8.33333 ms.
The non-integer periodicities could be supported in a semi-static manner (e.g., through RRC configurations) or/and dynamic manners (e.g., through a DCI). Here we discuss four methods to handle non-integer periodicities. 

Approach 1: Rounding the non-integer transmission instances
To support video streams, new non-integer periodicity values could be defined for the CG configurations. The beginning of the resource is calculated according to the non-integer periodicity value and then matched to the next radio resources, e.g., slot, mini-slot, or symbol. The granularity of matching radio resource (slot, mini-slot, or symbol) can be part of CG configurations.
Figure 1 illustrates a scenario that 3 CG resources are configured with the periodicity of 16.6667 to support a video stream with 60 fps. Having three CG configurations reduces the latency, in which the earliest one could be used upon arrival of a frame. There are 4 ms time offsets between two consecutive CG resources of different configurations. The granularity of 1 ms is set for matching the non-integer value instances to the radio resources. For CG  ( =1, 2, 3), the CG resources begin at , where  is a non-negative integer value. The rounding scheme ensures matching the non-integer periodicity to the next earliest radio resource for each instance.
[image: ]
[bookmark: _Ref101372657]Figure 1. Matching non-integer periodicities to radio resources.

Approach 2: Enabling/disabling the non-integer periodicity instances
In the above approach 1, the beginning of CG resource itself is rounded to the non-integer periodicity matched to the radio resource granularity. Instead of the rounding an CG resource itself, another approach is multiple CG configurations are configured and the configurations corresponding to the non-integer periodicity are enabled and the other configurations are disabled. The cycle to enable/disable configuration could be called as a virtual cycle. The virtual cycle supports non-integer periodicities corresponding to the video frame arrivals. The virtual cycle could be linked to one or several CG configurations. Among the corresponding CG resources, only those could be used that overlap partially/fully with the enable state of the virtual cycle. The rest of resources are considered as invalid. 
Figure 2 illustrates a scenario in which a UE is configured with one CG configuration, with the periodicity of 4 ms, linked to a virtual cycle. The virtual cycle has a periodicity of 16.6667 aligned with the jitter window of frame arrivals for a video stream with 60 fps. The UE only considers the CG resources that overlap with the enable state of the cycle as valid. The rest of resources are considered as invalid resources; hence, the UE does not use those. This approach enables the UE to save power when a frame is not expected to be received.
[image: ]
Figure 2. using a virtual cycle linked to a CG configuration.
Approach 3: Alternating periodicities
Third approach for handling the non-integer periodicity transmissions is the use of alternating periodicities for a single configuration. A CG configuration can be configured with two integer periodicities associated with the number of occasions. Let’s assume that an CG is configured with the integer periodicities of p1 and p2, which are associated with number of occasions of n1 and n2. The configuration applies the periodicity of p1 for n1 occasions and then it switches to the periodicity of p2 for n2 occasions. 
Figure 3 illustrates a scenario that the UE is configured with three CG configurations to support a video stream with 60 fps. The configurations apply the periodicity of 17 ms for two occasions and then the periodicity of 16 ms for one occasion. Supporting the alternating periodicities with the number of occasions can be used to adjust the resource allocations to the traffics with non-integer periodicities.
[image: Chart, histogram

Description automatically generated]
[bookmark: _Ref101377877]Figure 3. Supporting alternating periodicities.

Approach 4: A DCI to reconfigure group of CG configurations
In approach 3 of alternating periodicities, two periodicities are semi-statically configured. If one of the periodicities are infrequent, at the time needs to adjust periodicity, a DCI can be sent to reconfigure the periodicity or other parameters of a group of CG configurations. 
Figure 4 illustrates a scenario that a UE is configured with 3 CG configurations with the periodicity of 16 ms. The gNB sends a DCI to the UE after receiving the Frame 1 in order to increase the slot offsets of all CG configurations. The reconfigurations align the CG resources to the jitter windows of the frame arrivals. The group-based DCI (re)configuration enables reducing the signaling overhead with a reduced power consumption for decoding DCIs.

[image: ]
[bookmark: _Ref101318525]Figure 2. A DCI with group-based CG reconfigurations.
Comparison of the approaches
Table 1 compares the discussed solutions. A DCI (re)configurations is always necessary because TA change caused by the movement of UE position and non-aligned oscillator clocks between the network and the UE. In addition, relying only on DCI would increases the PDCCH overhead. Therefore, we see the combination between DCI based (approach 4) and semi-static based (approach 1, 2, 3) would be reasonable. When the combination between DCI based and semi-static based are used, alternating periodicity (approach 3) would be the simplest among semi-static solutions as it does not require the accurate alignment.
Table 1. Approaches to efficiently handle the non-integer periodicity transmissions
	Approach
	Pros
	Cons

	1. Rounding the non-integer transmission instances

	- Only semi-static configurations. 
	- The accurate alignment of non-integer periodicity is required.

	2. Enabling/disabling the non-integer periodicity instances
	- Only semi-static configurations.

- Which resources are used after the adjustment of the periodicity can be configured separately.


	- More complex compared with approach 1.
- the accurate alignment of non-integer periodicity is required.

	3. Alternating periodicities
	- Only semi-static configurations.
- the alignment of non-integer periodicity is on the order of alternating periodicity.
	- Depending on the combination of alternative periodicities, it may not fully be aligned with the target non-integer periodicity. This can be corrected by DCI based scheme.


	4. DCI to reconfigure Group of CG
	- The adjustment of the periodicity other than caused by the fractional periodicity are possible like the accumulation of UE-gNB frequency error, the adjustment caused by the autonomous TA adjustment and so on.


	- A DCI is required to adjust the periodicity.
- The handling of miss/false detection of DCI.




Proposal 2: The combination between DCI based (approach 4) and alternating periodicities (approach 3) should be taken.
Handling varying frame sizes
As discussed in Section 2, the sizes of video frames are variable. Two different approaches were discussed during the last RAN1#110-bis-e meeting. The following agreement was made
	Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 



In the first approach, the UE is provided with a large amount of CG resources. In case the data size is less than the provided CG resources, the UE can indicate the unused resources to the gNB to be used for other UEs. In case the data size is larger than the provided CG resources, the UE needs to ask for additional resources to be provided dynamically. Although this approach could reduce the latency on some occasion, it brings scheduling restrictions for the gNB, since a large amount of CG resources should be reserved. In addition, the CG resources would be wasted if the gNB misses the dynamic indication sent by the UE. For the case that the data size is large, the UE still needs to be scheduled dynamically. In this case, the latency of this approach is like using the current CG+DG. Therefore, the worst case latency, which is critical for XR application than average latency, is not improved in this proposal. In addition, even when there is no data to be sent by application like blank situation, in order to reduce the CG resource usage, UE needs to indicate the unused resources to the gNB. This increases the UE power consumption. 
In the second approach, the CG resources could be increased when the data size is large. Again, this approach brings scheduling restrictions for the gNB since the same CG resources should be reserved. Instead, the UE can be provided with a moderate amount of CG resources (for carrying the smaller amount of data + BSR). When the data is large, the gNB can allocate additional resources dynamically. The worst-case latency is the same for these two approaches (i.e., increasing the CG PUSCH occasions and current CG+DG) while the CG resources are not wasted in the latter case. The UE power consumption can be reduced when there is no data to be sent. Therefore, the combination of CG and DG is better in terms of spectrum efficiency and power consumption compared to the other approach, while the worst-case latency is the same for two approaches. 
Proposal 3: There is no need to support dynamic indication of unused CG PUSCCH or increase CG PUSCH transmission occasions.

Conclusion
In this contribution, we provide our view on techniques for supporting XR applications efficiently. We made following proposals.
Proposal 1: CG should efficiently handle the non-integer periodicity transmissions, including the video stream frame periodicities like 16.66667, 11.11111, and 8.33333 ms.
Proposal 2: The combination between DCI based (approach 4) and alternating periodicities (approach 3) should be taken.
Proposal 3: There is no need to support dynamic indication of unused CG PUSCCH or increase CG PUSCH transmission occasions.
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