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1. Introduction
In RAN2#120 meeting, agreements [1] on capacity enhancement were made as below: 
	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.


In RAN2#121 meeting, agreements [2] on capacity enhancement were made as below: 
	New BSR tables are fixed (=specified) or semi-static (RRC-based).
FFS how many BSR tables are defined.


In this contribution, we will discuss the potential BSR enhancements for delay information report to improve the XR-specific capacity.
2. Discussion
2.1 Delay information report via BSR
In RAN2#120 meeting, it was agreed that data volume information associated with delay information (e.g. remaining time) should be reported in a MAC CE. Since both delayed buffer size (e.g., the size of buffered data whose remaining delay budget is lower than a threshold) and total buffer size are useful for the UL scheduling, the most straightforward way is to extend the current BSR MAC CE format to support delay information report, and the following information can be included in the new MAC CE:
· “arrival time”, “delay” or “remaining delay budget”: The delay information of the buffered UL packet with the earliest arrival time or the shortest remaining delay budget can be reported. How to derive the delay information of a UL packet shall be discussed in section 2.2.
· Delayed buffer size: the total amount of available data that is identified as delayed data. These data should be scheduled as soon as possible to avoid exceeding the PDB/PSDB. The granularity and how to calculate the delayed buffer size shall be discussed in section 2.3.
· Legacy buffer size: the total amount of all available data that includes both delayed and non-delayed data.
Proposal 1: RAN2 agrees to extend the current BSR MAC CE format to report delay information and delayed buffer size.

2.2 Delay or remaining delay budget derivation
As captured in TS 38.321, a BSR MAC CE is generated only when UL-SCH resources are available for a new transmission, and the time when it is generated may be different from the time when it is really transmitted. Additionally, no matter whether the MAC PDU carrying the BSR MAC CE is retransmitted or not, the network knows the time elapsed from the initial transmission of the MAC PDU to the time when it is successfully received (i.e., t 4 – t 3 in Figure 1). 
[image: ]
Figure 1: delay information of a UL packet (Assuming that delay information is carried in a BSR)
As illustrated in Figure 1, when the BSR carrying delay information is received by the network, the delay of a UL packet (i.e., t 4 – t 0) should be the interval between the time when the packet arrives at the AS layer of UE (i.e., t 0) and the time when the BSR is received by the network (i.e., t 4). Here, there may be 3 alternative solutions to report/derive delay information:
· Alt 1: UE shall report the arrival time of a UL packet from upper layer (i.e., t 0). If the BSR carrying delay information is received by the network at time t 4, then the network can derive the “exact remaining delay budget” as value “t PDB – (t 4 – t 0)”.
· Alt 2: Since both UE and the network know the time when BSR is initially transmitted based on the UL grant (i.e., ), UE could report “remaining delay budget” with value “t PDB – (t 3 – t 0)” or “delay” with value “t 3 – t 0”, then the network can derive the “exact remaining delay budget” as value “t PDB – (t 3 – t 0) – (t 4 – t 3)”.
· Alt 3: Since both UE and the network know the time when UL grant for initial transmission (on which BSR is transmitted) is sent/received (i.e., t 1), UE could report “remaining delay budget” with value  “t PDB – (t 1 – t 0)” or “delay” with value “t 1 – t 0”, then the network can derive the “exact remaining delay budget” as value “t PDB – (t 1 – t 0) – (t 4 – t 1)”. This solution works well for dynamic UL grant, but not for configured grant type 1 and 2, so Alt 1 and 2 are preferred.
For the value of t PDB,
· If the “delay” (instead of “remaining delay budget”) of a packet is dynamically reported by UE, t PDB can be determined by the network itself.
· If the “remaining delay budget” is dynamically reported by UE, the value of t PDB can be the delay budget on the air interface or the value of discardTimer for the corresponding PDCP entity, which may be configured by the network.
Furthermore, if a PDU Set needs to be decoded/handled as a whole, all SDU/PDUs belonging to the PDU set should share the same arrival time, which is equal to the arrival time of the first arriving SDU/PDU belonging to the PDU set, and hence have the same delay or remaining delay budget.
Proposal 2: RAN2 to consider the above 3 alternatives to derive the “delay” or “remaining delay budget” of a UL packet.

2.3 Delayed buffer size calculation
For the purpose of delayed buffer size reporting, the following report granularities can be considered:
· PDU Set. 
· Logical channel (LCH).
· Logical channel group (LCG).
When considering the granularity, it needs to trade off the BSR reporting overhead versus the desired precision. Although the granularity of PDU Set is the finest, it may significantly increase the BSR reporting overhead, and it’s hard for the network to schedule UE in such a fine-grained manner. For this reason, we think that delayed buffered size with LCH or LCG granularity is a more suitable way.
If the delayed buffer size is reported with the granularity of LCH or LCG, it needs to determine whether a packet should be included when calculating delayed buffer size. For this purpose, a delay threshold can be configured. If the delay of a packet exceeds the threshold, or the remaining delay budget of the packet is less than the threshold, then the packet is considered as delayed data and shall be included when calculating delayed buffer size. Otherwise, the packet is considered as non-delayed data.
Proposal 3: Delayed buffer size with LCH or LCG granularity can be considered.
Proposal 4: A threshold for distinguishing delayed data and non-delayed data can be considered for delayed buffer size calculation.

2.4 New trigger for delayed BSR
According to the specification TS 38.321, A BSR shall be triggered if any of the events below occur:
	A BSR shall be triggered if any of the following events occur for activated cell group:
-	UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either
-	this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available UL data.
	in which case the BSR is referred below to as 'Regular BSR';
-	UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-	retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';
-	periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
NOTE 1:	When Regular BSR triggering events occur for multiple logical channels simultaneously, each logical channel triggers one separate Regular BSR.


As we can see, there is no delay-related BSR trigger mechanism at present. In order to let the network know the delay information as soon as possible, we propose a new BSR trigger event, which can be referred to as ‘Delayed BSR’, is introduced. The Delayed BSR may be triggered when the delay of a packet exceeds a threshold, or the remaining delay budget of a packet is less than a threshold. 
Furthermore, since multiple events may trigger a BSR, and a MAC PDU shall contain at most one BSR MAC CE, we propose that the delayed BSR shall have precedence over the Regular and the Periodic BSR, and hence over the padding BSR.
Proposal 5: “Delayed BSR” is introduced and has precedence over the Regular and the Periodic BSR.

3. Conclusion
In this paper, we provide our views on BSR enhancement for XR traffic, and have the following proposals:
Proposal 1: RAN2 agrees to extend the current BSR MAC CE format to report delay information and delayed buffer size.
Proposal 2: RAN2 to consider the above 3 alternatives to derive the “delay” or “remaining delay budget” of a UL packet.
[bookmark: _GoBack]Proposal 3: Delayed buffer size with LCH or LCG granularity can be considered.
Proposal 4: A threshold for distinguishing delayed data and non-delayed data can be considered for delayed buffer size calculation.
Proposal 5: “Delayed BSR” is introduced and has precedence over the Regular and the Periodic BSR.
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