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1. Introduction
In XR SID, following objectives on power saving are shown in [1]:
	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.


In RAN1#109e meeting, the above objectives are initially discussed. Some potential solutions are identified and discussed, with the agreements below: 
	Agreement
· For each candidate capacity enhancement technique for XR traffic, companies are encouraged to consider the following common principle for assessment of the candidate capacity enhancement technique:
· Identify the XR-specific issue(s) that the enhancement technique is addressing
· Identify the necessity of the enhancement technique to address the issues
· Identify whether/how the enhancements provide benefit/performance capacity gain.
· Consider at least feasibility, complexity, and system level performance evaluations in comparing the enhancement techniques. Power saving gains for a given enhancement technique can optionally be evaluated and considered in addition to these other aspects.
· The baseline scheduling scheme when comparing the proposed capacity enhancements techniques is:
· Dynamic scheduling and/or
· Semi-persistent scheduling / Configured grant scheduling
· Note: Companies are encouraged to additionally use DG scheduling as the baseline scheduling scheme when showing the capacity performance gain


In the meanwhile, in the same RAN1 meeting, there are following conclusion with respect to RAN2 aspects:
	Conclusion
It is common understanding that studying of RAN2 proposed techniques for XR-awareness information to improve XR capacity can be studied in RAN1 upon request from RAN2.


In this contribution, we will discuss XR capacity enhancements considering XR service characteristics from RAN2 point of view, including both CG scheduling and dynamic scheduling.
2. Discussion
In the following, the XR characteristics are reviewed firstly, based on which the potential capacity enhancements for CG scheduling and dynamic scheduling are discussed.
2.1. XR traffic characteristics
In the related work in Rel-17 [2], the traffic characteristics of XR were identified, based on which the evaluations of related potential solutions for capacity enhancements were performed and the related results were summarized in TR 38.838. In brief, the XR traffic characteristics, which are relevant to the discussion of this paper, are listed below:
· Periodic burst arrival, the burst/frame arrival periodicity can be 33.33,16.67 and 8.33 ms respectively for video frame rates 30,60 or 120 frames per second (FPS);
· The periodicity of the burst arrival (33.33ms,16.67ms and 8.33ms, respectively for 30, 60 and 120 FPS) does not align with the time granularity (e.g. 1/0.5/0.25 ms slot length for 15/30/60-KHz subcarrier space) of NR Uu interface;
· Various burst size (i.e. various burst data rate). 
· In the first aspect, for Group of Picture (GoP) model, the I-frame size can be much larger than P/B-frame, for instance, I-frame size can be 3-6 times as P-frame size; 
· In the second aspect, even for the same frame type, the burst size can also vary in the considerable range depending on the scene/motion change in the pictures.
· Stringent delay requirement
· The e2e delay of XR service is very tight. The PDB for transmission in Uu interface is assumed to be 10 ms in the simulations in [2].
Observation 1 [bookmark: _Toc110591308][bookmark: _Toc111034088]The following characteristics of XR has been identified and summarized in TR 38.838:
a) [bookmark: _Toc110591309][bookmark: _Toc111034089]Periodic burst arrival;
b) [bookmark: _Toc110591310][bookmark: _Toc111034090]Misalignment between burst arrival periodicity and NR Uu time granularity;
c) [bookmark: _Toc110591311][bookmark: _Toc111034091]The burst size may vary in a large range;
d) [bookmark: _Toc110591312][bookmark: _Toc111034092]Tight PDB for burst transmission in NR Uu interface.

2.2. Configured grant (CG) scheduling enhancements
Considering the tight delay budget of XR service, CG scheduling could be considered as a beneficial approach for uplink scheduling as the SR transmission procedure in case of dynamic scheduling could be avoided. However, as the burst size of XR traffic varies, in order to provide enough transmission capacity for the various burst sizes, the network has to configure a set of CGs corresponding to one burst in order to provide enough capacity for the burst of large size. In this way, some CGs may be redundant if the burst size is small, which may cause resource waste from system capacity point of view. Figure 1 illustrates the redundant CGs in relation to burst size variations.
[image: ]
[bookmark: _Ref110592671]Figure 1 Illustration of Recyclable CGs
Observation 2 [bookmark: _Toc110591313][bookmark: _Toc111034093]CG scheduling can achieve low transmission latency for UL XR traffic.
Observation 3 [bookmark: _Toc110591314][bookmark: _Toc111034094]The network has to provide large enough capacity for various burst size, while the provided capacity may be redundant for some small burst(s), which may cause resource waste.
In order to improve the system capacity for CG scheduling, it is better to consider some approach to identify and recycle these redundant CGs in one set of CGs. At network side, the recycled CG(s) could be rescheduled for other data transmission, which will improve the spectrum efficiency and the system capacity.
Observation 4 [bookmark: _Toc111034095]The gNB can reschedule the radio resources corresponding to the recycled CGs for other data transmission to enhance the system capacity.
From this perspective, we propose:
Proposal 1 [bookmark: _Toc111034096]RAN2 to study the CG recycling when the provided capacity with CG(s) is clearly larger than the required resource by the corresponding XR burst.
After determining the CG(s) to be recycled within one set of CGs, the gNB still needs certain time to perform scheduling in order to utilize the corresponding resources of the recycled CGs. To achieve this, it is preferred that the gNB can determine the recycled CG(s) within one set of CG as soon as possible. Certain assistant information from UE can be helpful for the serving gNB to determine the recycled CG(s). For instance, the UE can determine amount of data (e.g. the data burst containing one whole XR frame) that is required to be transmitted using a CG set and report such information to the gNB in certain way as soon as possible. Figure 2 illustrates that the UE reports assistant information for CG recycling once it has determined the amount of data to be transmitted in the current CG cluster. 
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[bookmark: _Ref110592736]Figure 2 Assistant information from UE to gNB for CG Recycling
Proposal 2 [bookmark: _Toc111034097]RAN2 to study the required assistant information report from UE to help the serving gNB early recycle CGs, details (e.g. information and approach) is FFS.
The UE and the gNB should be synchronized for CG recycling. The expected behavior includes:
· Both the gNB and the UE should be aware of the recycled CG(s) within a CG set;
· The UE should not use the recycled CG(s) for data transmission even though there are new data arrival after the assistant information reporting;
· The gNB can reschedule the resources corresponding to the recycled CG(s) for new transmissions.
If the UE is allowed to use the CG(s) that are to be determined recycled by the gNB, there may be collided utilization of the resources related to the recycled CG(s) between the gNB and the UE, which should be avoided. There could be two options to determine the CG recycling at the UE side to avoid such collision between the gNB and the UE:
· Explicit: indication for the recycled CG(s) from gNB;
· Implicit: the UE determines the recycled CG(s) based on the reported assistant information and preconfigured CG order. 
The former one may require new signaling from gNB to UE, which means both signaling overhead and the additional delay to convey the signaling. While the later one requires to define the rule to determine the recycled CGs in the specification, and the UE also needs to report to gNB.
Proposal 3 [bookmark: _Toc111034098]RAN2 to study the following two options to determine the recycled CG(s):
Option a) [bookmark: _Toc111034099](explicitly) Based on the indication from gNB;
Option b) [bookmark: _Toc111034100](implicitly) Based on the reported assistant information and pre-configured CG order.
There are also some other CG enhancements, e.g. CG enhancement considering the non-integer XR burst periodicity, which may lead mismatch between XR burst arrival and CG configuration. This part is expected to be discussed in RAN11, and RAN2 may discuss the potential impacts upon RAN1’s input.
Proposal 4 [bookmark: _Toc111034101]RAN2 to wait for RAN1 input regarding time granularity mismatch between XR burst arrival and CG configuration.
2.3. Dynamic scheduling enhancements
For dynamic scheduling in UL, the gNB relies on the SR-BSR procedure to know the transmission requirements from the UE side. One UE may be configured with periodic SR-PUCCH occasions to notify the gNB regarding the UL transmission requirements. The misalignment between burst arrival periodicity and NR Uu time granularity can also impact the SR transmission for dynamic scheduling in the similar way as for CG scheduling. Though the SR-PUCCH occasion initially matches the XR burst arrival, the offset between SR-PUCCH occasion and the corresponding XR burst arrival may accumulate and vary as time goes and the accumulated time offset between certain SR-PUCCH occasion and the corresponding XR burst arrival may be too large to be up-acceptable.
Proposal 5 [bookmark: _Toc111034102]RAN2 to study the approach to resolve mis-alignment between the XR burst arrival and the NR Uu time granularity, e.g. align the SR-PUCCH occurrence and the XR burst arrival.
In Rel-15/16 NR, UL data arrives at a UE’s L2 buffer(s), and the UE requests UL-SCH resources for the UL data via SR/BSR mechanisms. In the BSR mechanism, several types of BSRs are defined, i.e. ‘Regular BSR’, ‘Periodic BSR’ and ‘Padding BSR’. The volume of UL data is reported by a BSR MAC CE when at least one BSR has been triggered and not cancelled, and there are UL-SCH resources available for a new transmission and the UL-SCH resources can accommodate the BSR MAC CE plus its subheader.
Due to the mechanisms defined for BSR triggering, as well as reporting granularities defined for UL data volume, resulting from the mapping between buffer size indexes and the total amount of data available for a logical channel group, rough reporting of UL data volume can be realized by legacy BSR mechanism with potential delay, which is efficient for eMBB services. But for XR services, which may involve large amount of data for transmission, as well as stringent delay budget at the same time, the legacy BSR mechanism may not be sufficient, or even become the bottleneck for UL data transmission. 
For example, the aforementioned reporting granularities, in terms of reporting UL data available for a logical channel group, quantizing the UL data volume to a buffer size index included in a BSR MAC CE, etc., may be not so accuracy for the gNB to be aware of the UL data pending for UL scheduling, resulting in potential mismatch of the allocated UL-SCH resources and the pending UL data, which may further lead to potential waste of UL-SCH resources, as well as delayed scheduling. As a result, the performance of UL capacity for XR services may be degraded.
To deal with the aforementioned issue(s), a straightforward solution may be enhancing the BSR mechanism in the
following aspects:
· Finer reporting granularities and more detailed information reporting. In legacy BSR mechanism, a logical channel group can contain only single logical channel by configuration. But only the total amount of data available for the logical channel group can be reported, although for the logical channel / logical channel group. Several packets from one or more QoS flows/streams may be pending for transmission, each with different arriving time, total PDB or remaining PDB, etc. If more detailed information for these packets or QoS flows/streams can be reported by the UE in addition to the total amount of available data, gNB can allocate UL-SCH resources differentially for each QoS flow/stream, packet or set of packets, resulting in more matched and efficient UL scheduling.
· New triggering mechanisms for reporting. To facilitate more timely BSR reporting, new triggering mechanisms can be studied. For example, if a new packet or a new set of packets belonging to a logical channel /QoS flow /stream satisfying pre-defined requirement(s), or, the amount of data of the logical channel /QoS flow /stream pending for transmission exceeds a pre-defined threshold, or all data of a frame has been arrived, a BSR can be triggered. As a result, faster BSR reporting can be achieved based on buffer status change, which can further facilitate timely UL scheduling.
Proposal 6 [bookmark: _Toc110950146][bookmark: _Toc110960576][bookmark: _Toc111034103]RAN2 to study the BSR enhancements considering the below contents:
· [bookmark: _Toc111034104]BSR with queuing delay or remaining PDB information included;
· [bookmark: _Toc111034105]Finer buffer status level granularity for XR traffic.
Proposal 7 [bookmark: _Toc111034106]RAN2 to study the following BSR triggering enhancement:
· [bookmark: _Toc111034107]Timely buffer status report due to subsequent data arrival of an LCH
· [bookmark: _Toc111034108]All data arrival for one frame or PDU set.
Some other considerations on XR specific capacity enhancements are discussed in our contribution in RAN1 [3].
3. Conclusion
In this contribution, we have discussed the XR specific capacity enhancements based on the XR traffic characteristics. Based on the discussions, we have the following observations:
Observation 1	The following characteristics of XR has been identified and summarized in TR 38.838:
a)	Periodic burst arrival;
b)	Misalignment between burst arrival periodicity and NR Uu time granularity;
c)	The burst size may vary in a large range;
d)	Tight PDB for burst transmission in NR Uu interface.
Observation 2	CG scheduling can achieve low transmission latency for UL XR traffic.
Observation 3	The network has to provide large enough capacity for various burst size, while the provided capacity may be redundant for some small burst(s), which may cause resource waste.
Observation 4	The gNB can reschedule the radio resources corresponding to the recycled CGs for other data transmission to enhance the system capacity.
Based on the discussions and the observations, we have the following proposals:
Proposal 1	RAN2 to study the CG recycling when the provided capacity with CG(s) is clearly larger than the required resource by the corresponding XR burst.
Proposal 2	RAN2 to study the required assistant information report from UE to help the serving gNB early recycle CGs, details (e.g. information and approach) is FFS.
Proposal 3	RAN2 to study the following two options to determine the recycled CG(s):
Option a)	(explicitly) Based on the indication from gNB;
Option b)	(implicitly) Based on the reported assistant information and pre-configured CG order.
Proposal 4	RAN2 to wait for RAN1 input regarding time granularity mismatch between XR burst arrival and CG configuration.
Proposal 5	RAN2 to study the approach to resolve mis-alignment between the XR burst arrival and the NR Uu time granularity, e.g. align the SR-PUCCH occurrence and the XR burst arrival.
Proposal 6	RAN2 to study the BSR enhancements considering the below contents:
-	BSR with queuing delay or remaining PDB information included;
-	Finer buffer status level granularity for XR traffic.
Proposal 7	RAN2 to study the following BSR triggering enhancement:
-	Timely buffer status report due to subsequent data arrival of an LCH
-	All data arrival for one frame or PDU set.
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