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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The objective on XR-specific capacity improvements in the Rel-18 SI “XR Enhancements for NR” [1] is listed below. This contribution discusses the potential impacts and issues in RAN2.
	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;
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Dynamic scheduling/grant enhancements.


Discussion
According to the evaluation of XR-specific capacity in section 7 of TR38.838 [2], the number of supported UEs per cell is less than 20 in most cases. Considering the capacity will decide whether XR services can be applied commercially in 5GS or not, it is important for RAN2 to study XR-specific capacity improvement in support of XR service characteristics.
SPS and CG enhancement
The periodicity of XR services has been mentioned since Rel-17 and some companies suggested updating the configuration of SPS/CG periodicity.
The frame rate of XR services can be 30/60/90/120 fps [4], and the corresponding periodicity are listed in Table 1.
[bookmark: _Ref109740984]Table 1 The periodicity of XR services
	Frame rate (FPS)
	30
	60
	90
	120

	Periodicity (ms)
	33.33
	16.66
	11.11
	8.33



In current specification, the SPS periodicity can be “periodicityExt-r17 INTEGER (1..40960)” [ms], and the CG periodicity can be “periodicityExt-r17 INTEGER (1..40960)” [symbols].[5]
The value range of SPS/CG periodicity is flexible enough for services with integer periodicity. The question is the periodicities of XR services are non-integer and the deviation between the time occasion of SPS/CG and arrival time of service data will be enlarged with time lapse. Taking the service periodicity 16.66ms as an example, if the SPS periodicity is configured as 16ms starting from SFN0, the time occasion of SPS will be 0, 16, 32, 48, 64, 80, 96…[ms]; and the service data will arrive at 0, 16.66, 33.33, 50, 66.66, 83.33, 100…[ms]. It will exceed the end-to-end latency which can be 5ms for cloud gaming [6] and then the SPS resource allocation will be useless.
Several enhancements to resolve the non-integer XR service periodicity were mentioned in TEI17. However, the simplest way is to introduce non-integer SPS/CG periodicity and UE will calculate the time occasion of SPS/CG as INT (periodicity *N).
Proposal 1: The SPS/CG periodicity parameters should be updated to match the periodicity of XR services.
Proposal 2: Non-integer SPS/CG periodicity should be introduced and UE will calculate the time occasion of SPS/CG as INT (periodicity*N).
Other XR service characteristics include jitter and packet size variation. Data burst of video frame are always periodic with variable packet size. And, due to the unpredictable jitter, the packet arrival time might not be exactly periodic, which leads to transmission delay or packet loss. 5GS should take both periodicity and jitter into consideration for XR and media service [7].
To improve XR-specific capacity, RAN1 reached below agreements [8].
	Agreement
To study whether/how to support a candidate capacity enhancement technique for XR traffic based SPS/CG transmissions, companies are encouraged to consider the following studies:
· Study enhancements related to multiple PDSCHs SPS transmission occasions in a period
· Study enhancements related to multiple PUSCHs CG transmission occasions in a period
· Study enhancements related to dynamic adaptation of SPS/CG parameters/configurations
· Study enhancements related to non-integer periodicity for SPS/CG transmissions.
· Note: Other studies are not precluded, as well as the combination of the above studies.
Follow the common principle for assessment of the candidate capacity enhancement technique.


Among these solutions, multi-CGO in a period (multiple PUSCHs CG transmission occasions in a period) can be used to cope with jitter and packet size variation. Multi-CGO should be discussed in both RAN1 and RAN2. From RAN2 aspect, we need to resolve the HARQ process ID determination if multi-CGO in a CG period is supported.
For example, in Figure 1, the packet 1 arrives late due to the jitter and can be accommodated in the 3rd CGO in the 1st CG period. The packet 2 is too large to be accommodated in one CGO. To satisfy its latency requirement, a reasonable way is to assemble the data in packet 2 into 2 CGOs in the 2nd CG period. In this case, 2 HARQ processes should be used in one CG period (the 2nd CG period). Therefore, HARQ process ID determination should be studied for multi-CGO configuration.



[bookmark: _Ref109760423]Figure 1 An example of multi-CGO configuration in a CG period
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: To cope with jitter and packet size variation, multi-CGO in a CG period should be supported in Rel-18.
Proposal 4: RAN2 should study time-based HARQ process ID determination for the multi-CGO configuration.
Dynamic scheduling/grant enhancements
XR service requires ultra-low latency and high data rate. One XR burst (frame/slice) can be very large and should be splited into serveral PDUs.Therefore, SA2 introduces the term of PDU set [7].
	PDU Set: A PDU Set is composed of one or more PDUs carrying the payload of one unit of information generated at the application level (e.g. a frame or video slice for XRM Services), which are of same importance requirement at application layer. All PDUs in a PDU Set are needed by the application layer to use the corresponding unit of information. In some cases, the application layer can still recover parts of the information unit, when some PDUs are missing.


Considering the variable packet size, if gNB configures the CG resources for the largest packet size, the resource usage is not efficient, and if gNB configures the CG resources for the average or small packet size, gNB should allocate resource for some packets dynamically. To let the gNB aware of the packet size in UE buffer and allocate UL grant timely, BSR enhancement should be considered for XR services.
As shown in Figure 2, after UE transmits part of data in PDU set 1 in CG, if the UE can report the remaining data in PDU set 1 to the gNB, gNB can allocate UL resource to the UE immediately. Hence a new BSR trigger due to remaining data of the transmitting PDU set should be considered for XR services.


[bookmark: _Ref109766717]Figure 2 An example of BSR enhancement for XR services
Proposal 5: BSR enhancement should be considered to transmit variable sized PDU set in low latency, such as new BSR trigger due to the remaining data of the transmitting PDU set.
SA2 mentioned different frame types which have different importance [7]. 
	A.2	Other traffic characteristics
…
2)	Frame importance
For XR and media service, different types of frame coexist and have different importance. For example, in Group of Picture (GOP), the first I-frame is the most important frame, other P-frames are encoded based on the I-frame. That is, the decoding of P-frames depends on the decoding of I-frame in the same GOP. Therefore, frame importance should be provided to enable 5GS to perform efficient packet dropping, e.g. the non-transmitted part with low importance of GOP will be discarded at the transmitter if the packets with high importance of the GOP have been lost or exceed the delay budget.


Considering the frame types, there are three possible options to preform QoS mapping for XR services.


[bookmark: _Ref109906764]Figure 3 Options of QoS mapping for XR services
· Option 1: Same as other services, one XR service is mapped to one QoS flow in CN and then one QoS flow (containing I/P/B frames) is mapped to one DRB.
· Option 2: One XR service is mapped to multiple QoS flows in CN, for example, one QoS flow is used for I-frame and the other is used for P/B-frame. And one QoS flow is mapped to one DRB.
· Option 3: One XR service is mapped to one QoS flow. The QoS flow is splitted into multiple sub-flows and each sub-flow is mapped to one DRB, for example, one sub-flow is used for I-frame and the other is used for P/B-frame.
Since IP flow to QoS flow mapping should be discussed and decided in SA2, RAN2 cannot decide any option among the three candidates now.
Observation: The three options in Figure 3 can be listed as candidates for QoS flow mapping and RAN2 should discuss them after SA2 decides the IP flow to QoS flow mapping model.
To improve the reliability of XR services, the importance level of each frame should be considered during scheduling and data transmission. In uplink, UE should consider the frame importance during LCP procedure. There are different LCP enhancements that can be considered with different QoS flow mapping models. For example, in option 1, I-frame and P/B-frame are mapped to the same DRB, so UE should differentiate the prioritizations of I-frames and P/B-frames in one DRB during LCP procedure. In option 2 and option 3, I-frame and P/B-frame are mapped to different DRBs, so UE needs to identify the relationship among the frames across DRBs and treat them synchronously.
Proposal 6: LCP enhancement should be considered in support of XR service characteristics, such as the importance level of I/P/B-frame and PDU set.
Conclusion
According to the analysis in section 2, it is proposed:
[bookmark: _Ref69910645]Proposal 1: The SPS/CG periodicity parameters should be updated to match the periodicity of XR services.
Proposal 2: Non-integer SPS/CG periodicity should be introduced and UE will calculate the time occasion of SPS/CG as INT (periodicity*N).
Proposal 3: To cope with jitter and packet size variation, multi-CGO in a CG period should be supported in Rel-18.
Proposal 4: RAN2 should study time-based HARQ process ID determination for the multi-CGO configuration.
Proposal 5: BSR enhancement should be considered to transmit variable sized PDU set in low latency, such as new BSR trigger due to the remaining data of the transmitting PDU set.

Observation: The three options in Figure 3 can be listed as candidates for QoS flow mapping and RAN2 should discuss them after SA2 decides the IP flow to QoS flow mapping model.
Proposal 6: LCP enhancement should be considered in support of XR service characteristics, such as the importance level of I/P/B-frame and PDU set.
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