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1	Introduction
In previous RAN2 meeting [1], the following agreements for XR-specific capacity improvement were reached.
	RAN2#119bis e-meeting agreement:
· 1: introduce new BS table(s) to reduce the quantisation errors (e.g. for high bit rates). FFS how new BSR tables are created and how they impact BSR formats (can be discussed in WI phase). 
· Delay information consists of at least “remaining time”.
· 2: RAN2 considers a delay information is useful for XR. FFS if dynamic reporting from UE to network (e.g. via BSR) is needed, or whether PSDB is sufficient. If we have delay information, it needs to distinguish how much data is buffered for which delay value. Stage-3 details (e.g. what’s contained, how the triggering is done) can be discussed in the WI phase.
· If we have delay information reporting, RAN2 aims to define how the UE determines the “remaining time” in the delay information. 


In this contribution, we will discuss the following four issues based on the above agreements:
· Whether the delay information is dynamically reported by UE or derived by gNB according to PSDB
· If it is dynamically reported, then how to report it
· If we use BSR to report the delay information, then how to trigger such kind of BSR
· Further discuss the new BS table(s) design
2 Discussion
In 3GPP TR 38.838 [2], the UL traffic models for VR, Cloud gaming and AR are provided as shown in Table 1. 
Table 1: Traffic models for UL XR applications
	Category
	Packet Size (byte)
	Periodicity (ms)
	PDB (ms)
	Jitter (ms)

	VR
	100
	4
	10
	No jitter

	Cloud Gaming
	100
	4
	10
	No jitter

	UL AR
	variable
(following truncated Gaussian distribution)
	16.67
	30
	Optional [-4,4]


According to Table 1, the UL XR applications can be divided into two categories.
· UL VR/Cloud gaming traffic: integer periodicity without jitter and fixed packet size, CG can be used for this category.
· UL AR traffic: non-integer periodicity with optional jitter and variable packet size, DG can be used for this category.
Observation 1: CG can be used for UL VR/Cloud gaming traffic.
Observation 2: DG can be used for UL AR traffic.
In the following section, we will discuss some potential BSR enhancements for UL AR traffic, so that the network can obtain more information to help with the scheduling of DG resources for UEs, thereby increasing the system capacity.
2.1  Dynamic reporting vs. network derivation
According to the agreement in RAN2#119bis e-meeting [1], the remaining time is useful for XR, but whether the remaining time is dynamically reported from UE to network or can be derived by network itself based on PSDB is still FFS.
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Figure 1: network derives remaining time based on PSDB
[bookmark: _GoBack]Figure 1 shows the network derivation way, from the expected PDU set arrival time and the PSDB, network can derive when a PDU set will expire, then the difference between the expected PDU set expiration time and the current time is the remaining time of the PDU set. Note that, whether the network derivation way is feasible depends on whether the network can know the accurate arrival time of a PDU set. Unfortunately, according to Table 1 above, there is an optional jitter which leads to an unpredictable PDU set arrival time. Furthermore, the network has no up-front knowledge about the size of data for each PDU set. Based on BSR, the network only knows the size of the data in an LCG, but this data may consist of multiple PDU sets which arrived at different time. According to the simulation results in [3], the network supports 3.2 UEs/cell if it does not know the accurate arrival time of a PDU set, while the network can support 3.8 UEs/cell if the remaining time of a PDU set is reported. Reporting of the remaining time by the UE can bring 18.7% capacity gain.
Observation 3: The network is unable to derive the remaining time of a PDU set based on PSDB due to potential UL jitter and unknown PDU set size.
Proposal 1: UE should report the remaining time of a PDU set to the network. 
2.2 How to report the remaining time information
In RAN2-119bis, RAN2 agreed that the delay information should be able to distinguish how much data is buffered for which delay value. The buffered data volume information has been reported via BSR today, so the most straightforward way is to report the associated delay information via the BSR also. The current BSR MAC CE format is not sufficient in the following two aspects:
1- UE reports the buffer size for each LCG today. 
Since the PSDB is larger than the periodicity for the UL AR traffic, a LCH may buffer more than one data burst which have different remaining PSDBs. If the UE still uses the current BSR MAC CE format, the network will not be able to identify the exact data volume for each data burst. In order to enable network to identify the exact data volume for each data burst, the UE needs to report the data volume in data burst granularity.
2- The current BSR does not contain the delay information. 
The remaining PSDB (i.e, “remaining time”) can be included in a MAC CE explicitly or indicated implicitly (the indication way can be discussed in WI phase).
Proposal 2: Define a new MAC CE to indicate the data volume of each data burst and the associated remaining PSDB (i.e., “remaining time”).
2.3 Trigger of BSR 
According to the current specification [4], BSR will be triggered by some specific events, see below:
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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.


Note that the PDB of UL AR traffic is larger than its periodicity, so when a new data burst arrives, the previous data burst may still exist in the LCH. As shown in Figure 2, when data burst 2 arrives, data burst 1 may still exist in the LCH. In this case, none of the trigger events listed above happens and there will be no BSR for data burst 2. The details are as follows:
· Regular BSR: since the previous data burst may still exist in the LCH, the Regular BSR will not be triggered.
· Periodic BSR: as shown in Figure 2, even if the timer length of periodicBSR-Timer is set to the periodicity and there is no jitter, Periodic BSR still does not work for data burst 2 since as long as there is a Padding BSR triggered between the two data bursts, the periodicBSR-Timer will be restarted.
· Padding BSR: since there is data in the LCH, the Padding BSR may not be triggered.
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Figure 2: Exemplary BSR trigger events as per current specifications
In order to let the network know the data volume of a data burst as soon as possible, we propose RAN2 to enhance the trigger of BSR whenever a new data burst arrives, for example, when the first PDU of the data burst arrived and/or after all PDUs of the data burst arrived . Alternatively, when the uplink jitter is negligible which is the case at least for some XR services, we can also consider to enhance the periodicBSR-Timer, for example, by avoiding periodicBSR-Timer to be restarted by other transmitted BSRs.
Proposal 3: BSR can be enhanced in the following aspects:
· trigger BSR when a new data burst arrives; or
· enhance the Periodic BSR, more specifically, the running periodicBSR-Timer is not restarted by other transmitted BSRs.
2.4 Granularity of buffer size
According to the agreement in RAN2#119bis e-meeting [1], RAN2 has agreed to introduce new BS table(s) to reduce the quantisation errors. 
For this issue, a direct method is to pre-define a new buffer size table in specifications. However, according to the table 5.1.1.1-1 of 3GPP TR 38.838 [2], the Packet Size of XR service is determined by the data rates and frame rates, and follows the truncated Gaussian distribution.
	Table 5.1.1.1-1: Statistical parameters for packet size following truncated Gaussian distribution
	Parameter
	unit
	Baseline values for evaluation
	Optional values for evaluation for single eye buffer

	Mean: M
	byte
	R×1e6 / F / 8
	R×1e6 / F / 8

	STD
	byte
	10.5% of M
	3 % of M

	Max
	byte
	150% of M
	109% of M

	Min
	byte
	50% of M
	91% of M

	R: data rate of the flow in Mbps.
F: frame generation rate of the flow in fps.
Note that the mean and STD apply before truncation applies.
Note that the value of R, F depend on application.





Considering that different XR services with different data rates and/or frame rates will have different ranges of data volume, introduce only one new buffer size table is not sufficient, since it may not match with all XR services well. 
Observation 4: If only one new buffer size table is pre-defined, the quantization error may still exist since the new buffer size table cannot match with all XR services well. 
Therefore, defining multiple buffer size tables may be needed. If multiple buffer size tables are pre-defined, there will be a further issue: how UE determines which buffer size table to use and a simple solution is that network configures which buffer size table the UE should use.
An alternative solution is illustrated in Figure 4. In this approach, UE firstly uses an index according to the current BSR table, e.g. Table 6.1.3.1-1 or Table 6.1.3.1-2 of TS 38.321, to roughly indicate a range of the buffer size. In addition to normal BSR, the UE indicates another index pointing to the new buffer size table, to indicate the buffer size more precisely. For example, if the buffer size is 2000000 bytes, UE will use the index 195 of Table 6.1.3.1-2 firstly, which indicates the BS value is between 1989774 and 2118933. Furthermore, UE uses an additional index 0 of the newly defined buffer size table, which indicates the BS value is between 1989774 and 2022064. From these two indexes, network can get a more accurate buffer size information and alleviate the quantisation error.
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 Figure 4: two indexes solution
Proposal 4: In order to alleviate the quantization error, RAN2 can consider the following approaches:
· pre-define multiple buffer size tables in combination with network configuring which buffer size table the UE uses.
· for the large buffer size, UE uses an index in the current BSR table to “roughly” indicate the range of buffer size and UE uses an additional index in a newly defined buffer size table to indicate a more precise range of buffer size (within the “roughly” indicated range).
3	Conclusions
In this contribution, we discussed the three issues related to BSR for XR-specific capacity improvement. Based on our discussion, we conclude with the following observation and proposals:
Observation 1: CG can be used for UL VR/Cloud gaming traffic.
Observation 2: DG can be used for UL AR traffic.
Observation 3: The network is unable to derive the reaming time of a PDU set based on PSDB due to potential UL jitter and unknown PDU set size.
Observation 4: If only one new buffer size table is pre-defined, the quantization error may still exist since the new buffer size table cannot match with all XR services well. 
Proposal 1: UE should report the reaming time of a PDU set to the network. 
Proposal 2: Define a new MAC CE to report the data volume of each data burst and the associated remaining PSDB (i.e., “remaining time”).
Proposal 3: BSR can be enhanced in the following aspects:
· trigger BSR when a data burst arrives; or
· enhance the Periodic BSR, more specifically, the running periodicBSR-Timer is not restarted by other transmitted BSRs.
Proposal 4: In order to alleviate the quantization error, RAN2 can consider the following approaches:
· pre-define multiple buffer size tables in combination with network configuring which buffer size table the UE uses.
· for the large buffer size, UE uses an index in the current BSR table to “roughly” indicate the range of buffer size and UE uses an additional index in a newly defined buffer size table to indicate a more precise range of buffer size (within the “roughly” indicated range).
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Table 6.1.3.1-2: Buffer size levels (in bytes) for 8-bit Buffer Size field.

new buffer size table
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