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[bookmark: _Ref488331639][bookmark: _Ref178064866]Introduction
The following objectives are approved for XR enhancement SID [1].
	[bookmark: _Hlk30969040]Objectives on XR-awareness in RAN (RAN2):
· Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
· Study how the above information aids XR-specific traffic handling.
Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
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. 


This paper will discuss the third bullet in SID, i.e., XR-specific capacity improvements. 
Discussion
As mentioned in this SID, the Rel-18 XR study is to be based on Rel-17 TR 38.838. In Rel-17, the traffic model of XR and Cloud Gaming was widely discussed and the followings are the characteristics of the agreed traffic model.
· High data rate, up to 60Mbps with limited latency, around 10-30ms
· Non-integer period with jitter
· Large and various packet size
Observation 1 [bookmark: _Toc110343546][bookmark: _Toc111028190]XR and CG have the following characteristics:
· [bookmark: _Toc110343547][bookmark: _Toc111028191]High data rate, up to 60Mbps with limited latency, around 10-30ms
· [bookmark: _Toc110343548][bookmark: _Toc111028192]Non-integer period with jitter
· [bookmark: _Toc110343549][bookmark: _Toc111028193]Large and various packet size
Obviously, the current SPS/CG configuration does not well-match the required characteristics for XR/CG service. Thus, we prefer to consider the following enhancements.
Observation 2 [bookmark: _Toc110343550][bookmark: _Toc111028194]The current SPS/CG configuration does not well match XR service requirements. 
1) Non-integer period
As agreed in Rel-17 XR SI, the packet arrival rates of XR are {30, 60, 90, 120} fps, so the corresponding traffic periodicities are {33.33, 16.67, 11.11, 8.33} ms. According to the previous RAN1 agreement, 60 fps is a baseline for both DL and UL video streams. While, in legacy, the CG/SPS periodicity configured is in the unit of symbol or ms. For convenience, the values supported for CG/SPS configuration are listed below,
· The supported SPS periodicities:
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i.e. The supported SPS periodicities are {10ms, 20ms, 32ms,…,640ms}, {1ms, 2ms, …640ms} for 15kHz, 0.5x {1ms, 2ms, …., 1280ms} for 30kHz, 0.25x {1ms, 2ms, …., 2560ms} for 60kHz and 0.125x {1ms, 2ms, …., 5120ms} for 120kHz, etc.

· The supported CG periodicities:
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i.e. The supported CG periodicities are {1/7ms, 0.5ms ,1ms,…, 320ms, 640ms} for 15kHz, 0.5x {1/7ms,0.5ms, 1ms,…,1280ms} for 30kHz, 0.25x {1/7ms,0.5ms, 1ms, …,2560ms} for 60kHz, etc.
Clearly, the periodicity of XR service and periodicity of SPS/CG configuration are not well matched.
One straightforward way is to introduce non-integer number(s) in the periodicity of SPS/CG. The UE needs to calculate/derivate the PUSCH/PDSCH occasion(s) based on the non-integer value by using the enhanced CG/SPS occasion calculation formula, i.e. the current CG/SPS occasion formula with ceiling operation. Figure 1 shows an example of the calculated CG PUSCH/SPS PSDCH occasions. 


Figure 1 Example of SPS PDSCH occasions calculated for a 60fps period 
Based on Figure 1, another option is to configure a periodic CG/SPS pattern. Each CG/SPS pattern has multiple CG-PUSCH/SPS-PDSCH occasions. How to configure the periodicity of such a pattern and the intervals of multiple occasions in each pattern can rely on the arrival time/periodicity of XR service. Let us take 60fps for DL video as an example, the periodicity of the SPS pattern is 50ms. In each SPS pattern, three SPS-PDSCH occasions can be configured and the occasion interval is 17ms between a certain one and the nearest previous one (except the interval between the last two SPS-PDSCH occasions).
The third option is to use a DCI to change the start offset of the CG/SPS configuration dynamically for the alleviation of the periodicity misalignment. This solution has a clear drawback, i.e. it requires frequent indication and adjustment. 
[bookmark: _Toc110343551][bookmark: _Toc111028195]RAN2 considers the following solutions to resolve the periodicity mismatch issue:
· [bookmark: _Toc110343552][bookmark: _Toc111028196]Alt1: Introduce non-integer number for CG/SPS periodicity and add ceiling operation in CG/SPS occasion calculation formula.
· [bookmark: _Toc110343553][bookmark: _Toc111028197]Alt2: Introduce the periodic CG/SPS pattern in which multiple non-consecutive PUSCH/PDSCH occasions can be configured. 

2) Large and variable packet size
As discussed in RAN1, the mean packet size for XR/CG service is very large. Take AR/VR 30Mbps as an example, the mean packet size is 62500 bytes if the packet arrival interval is 16.67ms. As simulated, it needs at least 3 slots to transmit all the data of one packet. Thus, multiple PDSCH/PUSCH transmission occasions per packet should be studied and we may have the following solutions.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Alt1: Allocate multiple PDSCH/PUSCH transmission occasions in each CG/SPS period of the CG/SPS configuration. Each occasion carries different data associated with one XR packet. 
· Alt2: Configure multiple CG/SPS configurations which are used together for one XR service. In each SPS/CG configuration, each CG/SPS period has one PUSCH/PDSCH transmission occasion.
[bookmark: _Toc110343555][bookmark: _Toc111028198]RAN2 considers the following solutions to adapt XR-specific packet size requirements:
· [bookmark: _Toc110343556][bookmark: _Toc111028199]Alt1: Multiple PDSCH/PUSCH transmission occasions are allocated in each CG/SPS period of a CG/SPS configuration. Each occasion carries different data associated with one XR packet. 
· [bookmark: _Toc110343557][bookmark: _Toc111028200]Alt2: Multiple CG/SPS configurations are configured for one XR service. Each CG/SPS period of each CG/SPS configuration includes one PUSCH/PDSCH transmission occasion.
If RAN2 agrees that each CG/SPS period includes multiple PDSCH/PUSCH transmission occasions, another issue to be considered is how to calculate the HARQ process number for each occasion assuming different occasions in one period support different data transmissions. 
[bookmark: _Toc110343558][bookmark: _Toc111028201]If RAN2 agrees multiple PDSCH/PUSCH transmission occasions to be configured in each CG/SPS period of a CG/SPS configuration, how to calculate the HARQ process number of each occasion should be studied.

Since the packet size is variable, not all PUSCH/PDSCH occasions configured in each period are actually used. Assume the data rate is 30Mbps and the frame rate is 60fps, the statistic value of the maximum packet size and the minimum packet size is 93750 bytes and 31250 bytes. If the allocated grant size is configured based on the maximum packet size, the resource waste is obviously introduced and then the solution to adjust the resource usage is necessary for the system capacity improvement. One solution is to introduce an early termination indication to tell the peer entity that partial resource(s) are not used. As a result, the peer entity can stop monitoring/decoding (for DL) or re-schedule the associated time-frequency resource to other UEs (for UL). Take the UL transmission as an example, UE can use a new MAC CE to tell the termination of the remaining CG transmission(s). Such early termination MAC CE which is included in the early PUSCH(s) of a given period can indicate the dropping of the last (or last several) configured PUSCH(s) of the given period. When the gNB receives this MAC CE, it can dynamically schedule the remaining resource occasion(s) to other UEs to improve the system efficiency. We understand that such a principle can be applied to both DL SPS and UL CG.
[bookmark: _Toc110343559][bookmark: _Toc111028202]In the case that more than one PDSCH/PUSCH occasion is configured for each XR period, RAN2 considers the solutions to adjust the resource usage for SPS/CG resources. 
[bookmark: _Toc110343560][bookmark: _Toc111028203]RAN2 considers the early termination of the CG/SPS transmission(s) in one XR period to adjust the resource usage.
Conclusion
We have the following observations:
Observation 1	XR and CG have the following characteristics:
•	High data rate, up to 60Mbps with limited latency, around 10-30ms
•	Non-integer period with jitter
•	Large and various packet size
Observation 2	The current SPS/CG configuration does not well match XR service requirements.

We have the following proposals:
Proposal 1	RAN2 considers the following solutions to resolve the periodicity mismatch issue:
•	Alt1: Introduce non-integer number for CG/SPS periodicity and add ceiling operation in CG/SPS occasion calculation formula.
[bookmark: _GoBack]•	Alt2: Introduce the periodic CG/SPS pattern in which multiple non-consecutive PUSCH/PDSCH occasions can be configured.
Proposal 2	RAN2 considers the following solutions to adapt XR-specific packet size requirements:
•	Alt1: Multiple PDSCH/PUSCH transmission occasions are allocated in each CG/SPS period of a CG/SPS configuration. Each occasion carries different data associated with one XR packet.
•	Alt2: Multiple CG/SPS configurations are configured for one XR service. Each CG/SPS period of each CG/SPS configuration includes one PUSCH/PDSCH transmission occasion.
Proposal 3	If RAN2 agrees multiple PDSCH/PUSCH transmission occasions to be configured in each CG/SPS period of a CG/SPS configuration, how to calculate the HARQ process number of each occasion should be studied.
Proposal 4	In the case that more than one PDSCH/PUSCH occasion is configured for each XR period, RAN2 considers the solutions to adjust the resource usage for SPS/CG resources.
Proposal 5	RAN2 considers the early termination of the CG/SPS transmission(s) in one XR period to adjust the resource usage.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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= periodicityExt.
This field is used to calculate the periodicity for DL SPS (see TS 38.214 [19] and see TS 38.321 [3], clause 5,8.1). If this field is present, the field periodicity is ignored. «
The following periodicities are supported depending on the configured subcarrier spacing [ms]:

15 kHz: periodicityExt, where periodicityExt has a value between 1 and 640.

30 kHz: 0.5 x periodicityExt, where periodicityExt has a value between 1 and 1280. «

60 kHz with normal CP. 0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560. -

60 kHz with ECP: 0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560. ~
120 kHz: 0.125 x periodicityExt, where periodicityExt has a value between 1 and 5120.
480 kHz: 0.0625 x periodicityExt, where periodicityExt has a value between 1 and 20480. ~

960 kHz: 0.03125 x periodicityExt, where periodicityExt has a value between 1 and 40960. ~
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periodicityExt-rl7 INTEGER (1..40960) OPTIONAL,





image6.png
= periodicity -
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:

15 kHz 2,7, 14, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz 2,7, n*14, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}.-
60 kHz with normal CP 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP: 2,6, n*12, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}.-
120 kHz. 2,7, n*14, where n=(1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
480 and 960 kHz. n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
= periodicityExt.

This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field
periodicity is ignored. -
The following periodicites are supported depending on the configured subcarrier spacing [symbols]:

15 kHz periodicityExt*14, where periodicityExt has a value between 1 and 640.
30 kHz periodicityExt*14, where periodicityExt has a value between 1 and 1280..
60 kHz with normal CP: periodicityExt*14, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP: periodicityExt*12, where periodicityExt has a value between 1 and 2560.
120 kHz. periodicityExt*14, where periodicityExt has a value between 1 and 5120..
480 kHz. periodicityExt*14, where periodicityExt has a value between 1 and 20480.

960 kHz: periodicityExt*14, where periodicityExt has a value between 1 and 40960. ¢
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