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Introduction
The objectives of study item on XR in Rel. 18 were defined [1]. In order to handle XR traffic efficiently, following points need to be addressed. 
–	How to manage CGs/SPSs related to non-integer periodicities and RBs?
–	What is the possible interaction with DRX and power saving features?
Our view is, depending on what solution is taken for non-integer periodicities, the solution of DRX and power saving can be different. If non-integer periodicities are handled by rather semi-static manner, power saving design is semi-static in nature, i.e. DRX based scheme. If non-integer periodicities are handled by dynamic manner in this document, power saving design is dynamic in nature, i.e. DCI based power saving schemes. Therefore, our view is how to manage non-integer periodicity needs to be agreed first before power saving design. We discuss the methods to handle non-integer periodicities. 
The needs to handle non-integer transmission periodicities
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 generally originated from video streams. The video streams are considered as quasi-periodic traffics. The video frames are generated 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. Typically, 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 [2]. 
The currently supported periodicities for SPS/CG/SR 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). In addition, the duration of a jitter window, in which a frame would arrive, is comparable with the tolerable PDB, which brings scheduling complexity. Therefore, we propose following.
Proposal 1: SPS/CG/SR should efficiently handle the non-integer periodicity transmissions, including the video stream frame periodicities like 16.66667, 11.11111, and 8.33333 ms.
Discussions
In this section, we present several solutions to efficiently handle non-integer periodicities of SPS/CG/SR.
Rounding the non-integer transmission instances
To support video streams, new non-integer periodicity values could be defined for the SPS/CG/SR 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 SPS/CG/SR configurations.
Figure 1 illustrates a scenario that 3 SPS resources are configured with the periodicity of 16.6667 to support a video stream with 60 FPS. Having three SPS 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 SPS resources of different configurations. The granularity of 1 ms is set for matching the non-integer value instances to the radio resources. For SPS  ( =1, 2, 3), the SPS resources begin at , where  is a non-negative integer value. The rounding scheme ensures matching the non-integer periodicity to the earliest radio resource for each instance.
Approach 1: Rounding the non-integer transmission instances: the beginning of SPS/CG/SR resource is rounded according to the non-integer periodicity matched to the radio resource granularity.
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[bookmark: _Ref101372657]Figure 1. Matching non-integer periodicities to radio resources.

Enabling/disabling the non-integer periodicity instances
In above approach 1, the beginning of SPS/CG/SR resource itself is rounded to the non-integer periodicity matched to the radio resource granularity. Instead of the SPS/CG/SR resource itself is rounded, another approach is multiple SPS/CG/SR configurations are configured and the configurations corresponding to the non-integer periodicity is 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 stream periodicities. The virtual cycle could be linked to one or several SPS/CG/SR configurations. Among the corresponding SPS/CG/SR 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 SPS 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 consider the SPS 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 monitor those and won’t generate HARQ-ACK reports for them. This approach enables the UE to save power when a frame is not expected to be received. The same approach could be applied to CG/SR configurations to save the energy and radio resources.
Approach 2: Enabling/disabling the non-integer periodicity instances: A new virtual cycle is defined, which contains enable/disable states and supports non-integer periodicities. The SPS/CG/SR configurations can be linked to the virtual cycle. Only the overlapping resources with the enable state should be considered as valid for transmission or reception.
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Figure 2. using a virtual cycle linked to an SPS configuration.
Alternating periodicities
Third approach for handling the non-integer periodicity transmissions is the use of alternating periodicities for a single configuration. An SPS/CG/SR configuration can be configured with two integer periodicities associated with the number of occasions. Let’s assume that an SPS/CG/SR 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 SPS configurations to support 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.
Approach 3: Alternating periodicities: An SPS/CG/SR configuration is configured with alternating periodicities, each periodicity is associated to a number of occasions.
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[bookmark: _Ref101377877]Figure 3. Supporting alternating periodicities.

DCI to reconfigure group of SPS/CG/SR
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, DCI can be sent to reconfigure the periodicity of SPS/CG/SR. In addition to the periodicities, the other parameters of a group of SPS/CG/SR can be also adjusted. 
Figure 4 illustrates a scenario that a UE is configured with 3 SPS configurations with the periodicity of 16 ms. The gNB sends a DCI to the UE after delivering the Frame 1 in order to increase the slot offsets of all SPS configuration. The reconfigurations align the reserved SPS resources to the jitter windows of the frame arrivals. The group-based DCI (re)configuration enables reducing the signaling overhead with reduced power consumption for decoding DCIs. Similarly, the group-based DCI could be used to reconfigure some of parameters of CG/SR configurations.
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[bookmark: _Ref101318525]Figure 4. A DCI with group-based SPS reconfigurations.


Approach 4: DCI to reconfigure Group of SPS/CG/SR:  A DCI (re)configures several SPS/CG/SR configurations together.
Comparison of the approaches
In the following table, we compare the approaches discussed above. Which approach(s) are taken should be further discussed.
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. 
	

	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.

	3. Alternating periodicities
	- Only semi-static configurations.

	

	4. DCI to reconfigure Group of SPS/CG/SR
	- 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.




Conclusion
In this contribution, we provide our view on techniques for supporting XR applications efficiently. We made following proposals.
Proposal 1: SPS/CG/SR 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: Among followings, which approach(s) are taken should be discussed further.
Approach 1: Rounding the non-integer transmission instances: the beginning of SPS/CG/SR resource is rounded according to the non-integer periodicity matched to the radio resource granularity.
Approach 2: Enabling/disabling the non-integer periodicity instances: A new virtual cycle is defined, which contains enable/disable states and supports non-integer periodicities. The SPS/CG/SR configurations can be linked to the virtual cycle. Only the overlapping resources with the enable state should be considered as valid for transmission or reception.
Approach 3: An SPS/CG/SR configuration is configured with alternating periodicities, each periodicity is associated to a number of occasions.
Approach 4: DCI to reconfigure Group of SPS/CG/SR:  A DCI (re)configures several SPS/CG/SR configurations together.
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