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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, RAN2 agreed the following on the topic of PDU sets:
	RAN2 should take SA2/SA4 work into account
RAN2 assumes that PDU Set based parameters and PDU Set related information may be used for better support of XR services. RAN2 can consider both UL and DL directions.
RAN2 will study PDU Set based parameters and PDU Set related information handling in Network and UE
RAN2 to adopt the current SA2 definition of PDU Set as an application media unit as working assumption, subjected to further guidance from SA2 and SA4. 
XR awareness discussion in RAN2 should consider PDU set characteristics and how to use the information available on those (for UL and/or DL). Can also consider how to handle data bursts.
RAN2 can study e.g. periodicity, arrival time, jitter and frame-size variations for XR awareness to enable power savings and capacity enhancements. Can study also how often such parameters change (i.e. how dynamic they are).
RAN2 can consider how PDU sets can be mapped to DRBs (FFS if SA2 discussion on PDU set mapping to QoS (sub-)flows impacts this)



And an offline discussion was handled after the e-meeting aiming at converging on an LS to SA2 on RAN XR awareness requirements, but that goal could not be achieved due to lack of maturity on the topic. In this contribution, we further analyze the requirements and specification options for characterizing PDU sets, in DL and UL.
Discussion
PDU set concept
The concept of PDU set was introduced in SA2 to cope with the specifics of the XR video traffic. Indeed, video traffic is a periodic stream of frames, with frame rates of 120, 90, 60 and 30 fps. A frame encodes pixels of an image of the video, which can consist of quite a large number of bytes, depending on the video resolution. A video frame may also include various types of information, e.g. different slices addressing different objects of the image (background, portraits, etc) as well as different tiles, when the image is split in different spatial regions. As a consequence, depending on the image content, the frame size can vary considerably over time. 
Another particularity of the video stream is that frames can undergo significant jitter.
Since the various components of a video frame (slice, tile) are below the UDP layer, they are not expected to be differentiated by 5GS so that all packets forming a video frame are carried in a set of packets, which characterize a PDU set.
Moreover, Different frames can have different importance e.g. I-frame/P-frame/B-frame [1][2] , and so different QoS requirements (SA2 mentions “importance” but we prefer to keep legacy RAN terminology).
And finally, given the above PDU set definition, it is clear that we need to resolve “Key Issue #4: PDU Set integrated packet handling” [2].
Observation 1: A PDU set carries the payload of a video frame in a video stream.
Observation 2: Arrival times of PDU sets undergo significant jitter.
Observation 3: PDU sets of a video stream can have different QoS requirements.
Observation 4: Packets of one PDU set need to be jointly processed for XR traffics.
We summarized the various XR traffic requirements from the Tables of [3] (converged in RAN1 based on trace logs provided by SA4).
Table 1: XR traffic streams statistical parameters
	Traffic
	Period (ms)
	Jitter
	Rate (Mb/s)
	Packet size (kbytes)
	Direction
	PDB
	Packet success rate

	
	(120fps)
	(90fps)
	(60fps - baseline)
	
	
	
	
	
	

	Video
	8.33333
	11.1111
	16.66667
	+/- 4ms
	45
	93.7 +/- 50%
	DL & UL
	10ms (baseline DL), 30ms UL
	99%

	Audio + data
	10
	0
	1.12
	1.4
	DL & UL
	30ms
	99%

	Pose/
control
	4
	0
	0.025
	100 bytes
	UL
	10ms
	99%



PDU set treatments in RAN
Scheduling
As a baseline, PDU sets are periodic data, and as such should be mapped onto SPS (DL) and CG (UL). One particular benefit of leveraging SPS and CG is that, unlike dynamic assignments and grants, they can be used outside the DRX on-duration, thus enabling a DRX configuration that optimizes the UE power saving, as shown in[4]. Then, RAN should be aware of the PDU set periodicity and expected arrival time of the PDU set to properly configure the associated SPS/CG.
Moreover, the specifics of the XR video stream call for some enhancements to CG and SPS for example to cope with the variable size of each PDU set, and the expected jitter. Thus both the size range and jitter range should be known to RAN to allow configuring the (enhanced) CG and SPS accordingly.
Proposal 1: RAN should be aware of the PDU set periodicity and expected arrival time, in both DL and UL.
Proposal 2: RAN should be aware of the PDU set payload size range, in both DL and UL.
Proposal 3: RAN should be aware of the PDU set jitter range, in both DL and UL.
QoS enforcement
From observation 3, RAN should be aware of the different QoS requirements associated with different PDU sets of the same video stream.
Proposal 4: RAN should be aware of the different QoS requirements associated with different PDU sets of the same video stream.
Mapping
SA2 currently considers the following options for mapping PDU sets in DL[2]:
· Option 1: UPF classifies the DL traffics into different QoS Flows based on PDU Set importance (solution 10, 14, 24, 26).
· Option 2: UPF classifies the DL traffics into different sub-QoS Flows based on PDU Set importance (solution 17, 18). 
· Option 3: UPF adds PDU Set importance into GTP-U header (solution 7, 11, 14, 15,17, 18, 19, 22).
From RAN perspective, one key issue with option 1 is that it results that different PDU sets of the same video stream would be mapped onto different DRBs (so as to enforce the different QoS) but then the packets of different PDU sets of the same video stream would be treated asynchronously and delivered out of order. Then, regarding Options 2 and 3, from RAN mapping perspective, they are equivalent in that they provide means to gNB to differentiate different PDU sets from the same flow, thus allowing different scheduling strategies (up to gNB implementation) within the DRB, while keeping the fundamental principle of in-order delivery on the other end of the U-plane stack. Then, among options 2 and 3, we have no strong view from RAN perspective thus we prefer to leave it to SA2 to select among those. Only potential concern is the term “importance” somehow needs to be properly defined.
Proposal 5: From RAN perspective, a PDU set mapping resulting in conveying PDU sets from the same DL video stream in the same DRB is preferred (aka option 2 or 3 from [2]).
All PDU set parameters discussed above (periodicity, arrival time, payload size range, jitter range and QoS) are semi-static, but observation 4 brings the requirement that all packets of the same PDU set should be transmitted “jointly”, so typically in the same SPS or CG occasion or period. Thus, each packet from the same PDU set should be tagged as belonging to that PDU set, as proposed in [2] “Per PDU information is sent with each PDU and is visible to the RAN. (Solution #55)”. The information can include: PDU Set Sequence number (SN); PDU set first packet flag, last packet flag; PDU sequence number (within the PDU set)[2].
The simplest approach is to mark the packets with the PDU set SN and identify the last packet.  
Proposal 6: PDU sets should be identified dynamically via inband signaling (e.g. PDU set SN and last packet indication in GTP-U header).
The next question is whether such dynamic PDU set identification is still required beyond the gNB scheduler or, in other words, whether the UE needs to be aware of DL PDU sets. From our perspective, in DL, PDU set identification within a DRB is only useful for DL scheduling (either dynamic or for mapping onto SPS). Therefore, it seems not useful that the dynamic PDU set information be carried over Uu.
For UL, we discuss similarly PDU set impacts on the BSR and LCP in[5][6]. However, the PDU set dynamic identification is expected to be handled by the cross-layer implementation in the UE and no specification impact is foreseen to handle this. And same as DL, we see no need to let gNB aware of UL PDU sets dynamic identification, provided the PDU set awareness only impacts the UE in UL.  
[bookmark: _GoBack]It could be useful in some cases [6] that gNB is aware it is being receiving an I-frame (vs other frames). But I-frames are typically much larger than other frames. Therefore, using the PDU set BSR proposed in [5], combined with a PDU set size threshold, we think gNB can do this I-frame / other frame classification in UL. 
Proposal 7: PDU set dynamic explicit identification does not need to be carried over Uu (both UL and DL).
PDU set vs burst
Given PDU set has more granularity than burst, once we have all above information for characterizing PDU sets, we don’t see what other information we need to characterize a burst (beyond legacy TSCAI information for traffic bursts). Thus we don’t see the need enhance the current TSCAI information.
Proposal 8: No further burst-level information is needed beyond PDU set information.
Conclusion
According to the analysis in section 2, we have the following observations and proposals:
Observation 1: A PDU set carries the payload of a video frame in a video stream.
Observation 2: Arrival times of PDU sets undergo significant jitter.
Observation 3: PDU sets of a video stream can have different QoS requirements.
Observation 4: Packets of one PDU set need to be jointly processed for XR traffics.
Proposal 1: RAN should be aware of the PDU set periodicity and expected arrival time, in both DL and UL.
Proposal 2: RAN should be aware of the PDU set payload size range, in both DL and UL.
Proposal 3: RAN should be aware of the PDU set jitter range, in both DL and UL.
Proposal 4: RAN should be aware of the different QoS requirements associated with different PDU sets of the same video stream.
Proposal 5: From RAN perspective, a PDU set mapping resulting in conveying PDU sets from the same DL video stream in the same DRB is preferred (aka option 2 or 3 from [2]).
Proposal 6: PDU sets should be identified dynamically via inband signaling (e.g. PDU set SN and last packet indication in GTP-U header).
Proposal 7: PDU set dynamic explicit identification does not need to be carried over Uu (both UL and DL).
Proposal 8: No further burst-level information is needed beyond PDU set information.
[bookmark: _Ref69910645]References
[1]. [bookmark: _Ref115270674][bookmark: _Ref109054991][bookmark: _Ref114672521]S2-2201803/R2-2204439, LS on QoS support with PDU Set granularity, SA2 to SA4, cc RAN1/2/3.
[2]. [bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: _Ref115270677][bookmark: specVersion]TR 23.700-60, Study on XR (Extended Reality) and media services, V1.1.0, 2022-09
[3]. [bookmark: _Ref115273510]TR 38.838, Study on XR (Extended Reality) Evaluations for NR, V17.0.0
[4]. [bookmark: _Ref115274191]R2-2209471, DRX enhancement (DRX multiple config vs SPS), CATT
[5]. [bookmark: _Ref115275952]R2-2209472, BSR enhancement for XR capacity, CATT
[6]. [bookmark: _Ref115275953]R2-2209468, Prioritization of XR traffic, CATT


3
R2-2209467
