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[bookmark: _Ref7619946]Introduction
In RAN#99, revision of the Work Item, XR Enhancements for NR, was approved with the following objectives [1].
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 will share our considerations on delay reporting and UL traffic arrival information.
Discussion
Agreements on the past RAN2 meetings
Here are the agreements on delay information, UL traffic arrival information/UL jitter. In the past RAN2 meeting, those two aspects were discussed differently and had two sets of agreements, were captured in TR separately.
	[bookmark: _Toc131415139]5.3.2	Layer 2 Enhancements
In order to enhance the scheduling of uplink resources for XR, the following improvements are envisioned:
-	One or more additional BS table(s) to reduce the quantisation errors in BSR reporting (e.g. for high bit rates);
-	Delay knowledge of buffered data, consisting of e.g. remaining time, and distinguishing how much data is buffered for which delay. It is to be determined whether the delay information is reported as part of BSR or as a new MAC CE. Also, how the delay information can be up to date considering e.g. scheduling and transmission delays needs to be investigated further.
-	Additional BSR triggering conditions to allow timely availability of buffer status information can be investigated further.
-	Delivery of some assistance information (e.g. periodicity) reusing TSCAI as a baseline. Whether additional mechanism is required can be further considered with an assumption that all information may not be always available at UE application.
-	Signalling of UL traffic arrival information from the UE to the gNB e.g. to cope with jitter in case of tethering (FFS).


TR 38.835 V18.0.0 (2023-03) Study on XR enhancements for NR (Release 18) [2]
	RAN2 thinks we need one or more additional BSR table(s) for XR. FFS whether these are static (=specified) or dynamic (e.g. generated, differs according to some RRC parameter), can be discussed in WI phase. 
RAN2 will introduce data volume information associated with delay information (e.g. remaining time) in a MAC CE. FFS if this is extension of BSR or new format. FFS how to do that (e.g. what exactly is reported) and how to ensure this information is up-to-date e.g. considering UL scheduling delay. 
RAN2 needs to discuss additional BSR triggering conditions to allow timely availability of buffer status information at gNB. This can be discussed in WI phase.


RAN2#120 agreements [3]
	RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 
RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.


RAN2#121 agreements [4]
Two types of delay reported to gNB
In this section, we discuss delay information and UL jitter using figure1 below. In this case the UE is assumed to be configured with CG interval =30(ms). On this model, we can define two types of delay, one is the delay defined as the time difference between the time UE receives the data from the XR device and the time UE sends the received data to the gNB, this type of the delay is depicted in the figure 1 as, delay0=3, delay1=10 delay2=1, delay3=8. The other type of delay is defined as remaining time, and it’s defined as how much remaining time the data have until the packet delay budget.  This type of the delay is depicted in figure1 as Remaining time0/1/2. In this model, 7ms is always consumed by the interface between XR device and UE, so remaining time at UE side is constantly 7ms. 
[bookmark: Observation1]Observation1: Two types of delay exist in UL deterging case, one is the delay defined as the time difference between the time UE receives the data from the XR device and the time UE sends the received data to the gNB, and the other is defined as remaining time, how much remaining time the data have until the end of the packet delay budget.

[image: ]
Figure1: Two types of delay reporting from UE
First type of the delay can be used for obtaining UL traffic arrival information, which is depicted UL traffic interval in figure1. This delay is also used to calculate UL jitter, maximum arrival interval and minimum arrival interval. UL traffic arrival information/UL jitter is used for optimising configured grant interval and/or DRX configurations.
[bookmark: Observation2]Observation2: First type of the delay is used for obtaining UL traffic arrival information and UL jitter. (The delay defined as the time difference between the time UE receives the data from the XR device and the time UE sends the received data to the gNB, can be used for obtaining UL traffic arrival information and UL jitter).
Second type of the delay is used for gNB side UL scheduling, in other words, gNB can make UL resource allocation delayed if remaining time is enough.
[bookmark: Observation3]Observation3: Second type of the delay is used for UL scheduling, gNB can optimize UL resource allocation timing according to the reported remaining time. (If enough remaining time, gNB can delay its resource allocation accordingly).
So, we make the following two proposals.
[bookmark: Proposal1]Proposal1: RAN2 agree that UE indicates the delay which is defined as the time difference between the time UE receives the data from the XR device and the time UE sends the received data to the gNB. This reported delay to gNB can be used for obtaining UL traffic arrival information and UL jitter, and it can be used to optimise configured grant interval and/or DRX configurations.
[bookmark: Proposal2]Proposal2: RAN2 agree that UE repots the delay which indicates remaining time, how much remaining time the data have until the end of the packet delay budget. This delay reported to gNB can be used for optimizing UL resource allocation timing.
Conclusion
We make the following observations and proposals.

Observation1: Two types of delay exist in UL deterging case, one is the delay defined as the time difference between the time UE receives the data from the XR device and the time UE sends the received data to the gNB, and the other is defined as remaining time, how much remaining time the data have until the end of the packet delay budget.
Observation2: First type of the delay is used for obtaining UL traffic arrival information and UL jitter. (The delay defined as the time difference between the time UE receives the data from the XR device and the time UE sends the received data to the gNB, can be used for obtaining UL traffic arrival information and UL jitter).
Observation3: Second type of the delay is used for UL scheduling, gNB can optimize UL resource allocation timing according to the reported remaining time. (If enough remaining time, gNB can delay its resource allocation accordingly).
Proposal1: RAN2 agree that UE indicates the delay which is defined as the time difference between the time UE receives the data from the XR device and the time UE sends the received data to the gNB. This reported delay to gNB can be used for obtaining UL traffic arrival information and UL jitter, and it can be used to optimise configured grant interval and/or DRX configurations.
Proposal2: RAN2 agree that UE repots the delay which indicates remaining time, how much remaining time the data have until the end of the packet delay budget. This delay reported to gNB can be used for optimizing UL resource allocation timing.
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