[bookmark: _Ref452454252]3GPP TSG RAN WG2 Meeting #121bis-e               	R2-2303083
Electronic, 17th – 26th April 2023
Agenda Item: 	7.5.4.1
Source:		Sony
[bookmark: Title]Title:			Considerations on XR UL PDU set information
[bookmark: DocumentFor]Document for:	Discussion & Decision
1 Introduction

[bookmark: _Int_zlXkIiVp]In RAN2 the study part of XR awareness was concluded at RAN2#121 meeting [1], and an updated WID, [2 was approved at RANP#99 [3], including updates to the XR capacity objectives, see below. A revised version of TR 38.835 has also been approved at the RAN plenary meeting.[4].



	Specify the enhancements related to power saving:
-	DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Specify the enhancements for XR Awareness:
-	Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);
-	Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);
-	Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);
-	Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);






In this contribution, we discuss potential solutions for XR awareness related to information the UE could provide to the base station for UL traffic in e.g., BSR.

2 Discussions on XR UL, PDU set information  

2.1 Background 

In XR studies in 3GPP, lots of emphasis has been put on handling of downlink traffic e.g., on how to improve UE power consumption and Radio Network capacity handling, by introducing knowledge of XR traffic characteristics from application layer via Core Network QoS handling down to Radio network and base station. However, little discussions have been made related to uplink traffic.

The difference between DL and UL is that in the DL, there is a defined interface between core network user plane (UPF) and RAN base station, and it is in the UPF where packets that are arriving from outside 3GPP network are assigned to QoS flow and PDU packets, and then encapsulated with a GTP-U header to provide information to the base station or Quality of Service parameters (5QI, but also for XR, PDU set parameters). Hence there is sufficient information available to the base station scheduler to schedule DL packet.

In the UE (for uplink), there is no such corresponding interface between the UE and the application layer, and hence it has mainly been left for UE implementation to handle potential knowledge related to UL traffic. In this case, the UE sends Buffer Status Report to the gNB to help UL resource allocation and this report can be further enhanced for better resource allocation and utilization.


2.2 Discussion on PDU set information in the UL 

In some XR scenarios, UL video traffic may be the main source of traffic, e.g., in use cases where the user (UE) is streaming XR related video in the uplink to XR server in the network or at the EDGE. For such scenarios there is less understanding and knowledge in the system about what radio resources would be needed to transmit the video frames in the uplink. Compared to the downlink case, for where it is discussed to provide the base station with XR related information (QoS config and GTP-U header information) in order to handle scheduling of radio resources, whilst no such corresponding information is specified to be provided from the XR application in the UE (for Uplink), down to the modem for the uplink case, even though UE implementations might be doing it but no clear motivation is provided in standards to provide this information. The only information and knowledge of the uplink traffic is what the UE has in it the transmit buffer information and which can be indicated via BSR to base station for getting scheduling of uplink (PUSCH) resources.

A video transmission, particularly a video transmission with high quality, may consist of a number of video frames of a relatively large size, which would typically be divided into sub-packets or PDUs, belonging to a PDU set. Each sub-packet is transmitted in a wireless channel from base-station to UE for downlink, and vice versa for uplink, in one or more “chunks”. 

For downlink the latency is low since the base station is able to schedule radio resources direct when a PDU’s needs to be delivered, but for uplink there is an additional roundtrip latency that the UE first need to request radio resources from the base station and then the base station respond with a grant to the UE to use it. For uplink to utilize radio resources with low latency and efficiently, a mechanism is needed where the resources for the UL transmissions can be more efficiently predicted and scheduled and where resource reservation can be more intelligently managed and planned within a limited time budget.

Such mechanism could include information from the application layer to the UE modem about size of subsequent “chunks”/PDUs of data belonging to the same PDU set, but also to give a prediction of the size of the subsequent PDU set to be transmitted at the following occasion according to the defined frame rate e.g., at a periodicity of 16.67 ms (60 FPS).

For each frame (e.g., generated at 60 FPS), knowledge of when in time and the size of the whole PDU set that will be transmitted in the uplink should be delivered to or detected at the modem so that for each chunk of data delivered to, there is an indication of remaining data (“Intra PDU set remains”) and provide this information to the scheduler in RAN/gNB. The benefit of this approach is that instead of allocating a fixed size of periodic configured grant (CG) resources, gNB/UE may allocate variable size resources depending on the size of actual data in a PDU set or chunk of data while taking into account the time budget. So, if a PDU set is transmitted over e.g., 4 occasions of CG resources of equal size, this approach instead allows 4 occasions of variable size depending on the size of PDUs in a PDU set or chunks of data which might consume less resources than fixed size allocations and help avoiding resource wastage and increase system capacity.

Observation 1. It would be beneficial for the gNB to have as much information as possible about the PDU set to be scheduled for transmission in the UL.

Alternatively, if CG configuration has e.g., 4 occasions within a period, but only two occasions can be used/occupied, this approach allows a UE to indicate to the network/gNB that it would only need two occasions with certainty. Based on this indication, gNB can decrease/increase/keep the number of occasions in time-domain with a period or decrease/increase/keep the number Resource Blocks in freq-domain by reconfiguring the CG parameters via RRC signalling. Hence, this would help gNB to avoid resource wastage and increase the system capacity.

Observation 2: For fixed CG allocation, information could be used by gNB to avoid having CG resources that may not be used.

For dynamic grant (DG) scheduling, this approach will give the gNB scheduler an estimate of how much data is expected from the UE in the near future, so that gNB can schedule to the UE dynamically taking into account the time budget (or remaining time). Hence, this would help to deliver the XR data on time to the network and as a result would minimize dropping the current XR PDU set. 

Observation 3: For dynamic grant scheduling such information will get the gNB an estimate of expected data in near future, within the PDU set.

Furthermore, prediction of the next PDU set size (Inter PDU set predictability) can be indicated in the BSR. This next PDU set size can be predicted based on PDU statistics or known sequence of data chunks of the traffic for that specific service. It can also be predicted by the application layer based on data present in its buffer waiting for transfer to the modem. 

Observation 4. Information or prediction about subsequent PDU set in the UL can also be relevant for the gNB to be aware of.

Proposal 1: UE modem is able to extract UL PDU set information in order to inform the scheduler in RAN/gNB to enhance resource scheduling.

Proposal 2: Discuss what additional parameters can be relevant to be provided to the gNB for uplink grant scheduling, e-g- in the BSR related to prediction of subsequent PDU within the PDU set

Proposal 3: Discuss what additional parameters can be relevant to be provided to the gNB for uplink grant scheduling e.g., in the BSR related to prediction of subsequent PDU set.


3 Summary
In this contribution, we have discussed our view on potential enhancements for PDU set awareness for UL traffic in NR. Our observation and proposals are listed below:

Observation 1. It would be beneficial for the gNB to have as much information as possible about the PDU set to be scheduled for transmission in the UL.

Observation 2: For fixed CG allocation, information could be used by gNB to avoid having CG resources that may not be used.

Observation 3: For dynamic grant scheduling such information will get the gNB an estimate of expected data in near future, within the PDU set.

Observation 4. Information or prediction about subsequent PDU set in the UL can also be relevant for the gNB to be aware of.

Proposal 1: UE modem is able to extract UL PDU set information in order to inform the scheduler in RAN/gNB to enhance resource scheduling.

Proposal 2: Discuss what additional parameters can be relevant to be provided to the gNB for uplink grant scheduling, e-g- in the BSR related to prediction of subsequent PDU within the PDU set

Proposal 3: Discuss what additional parameters can be relevant to be provided to the gNB for uplink grant scheduling e.g., in the BSR related to prediction of subsequent PDU set.
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