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Introduction
According to the WID for NR XR[1], RAN2 should address the following objectives to specify the enhancements for capacity improvement:
	
-	Multiple 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 UCI by the UE (RAN1);
-	BSR enhancements including at least new BS Table(s); (RAN2);
-	Delay reporting of buffered data in uplink; (RAN2);
-	Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
-	Discard operation of PDU Sets (RAN2);



This paper aims to provide some of our views on BSR enhancements and delay information reporting.
Discussions
New BSR Table(s) with Finer Granularity
During the SI phase, RAN2 has agreed that a new BSR table with finer granularity can be introduced, in order to reduce the quantization error, which is potentially high when the buffered data volume is large if the legacy BSR table is used. The agreement is written as:
	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. 



 
As highlighted above, RAN2 is supposed to discuss how the new BSR table should be defined. There are two main directions:
1. Define new static BSR table(s) in TS 38.321, the granularity of which is finer than the legacy table.
2. The new BSR table can be dynamically generated and configured.
Option 1 is rather simple, as it is static. However, as the characteristics of different XR flows are very diverse and can be quite dynamic (depending on the user activity in the applications being executed), one single static BSR table may not be so flexible to accommodate XR use cases where multiple types of applications/traffic flows are expected. Thus, more than one additional tables may have to be introduced for Option 1. On the other hand, with Option 2 a BSR table constructed in a dynamic manner can be optimized in accordance to the gNB’s knowledge of traffic patterns, which could cater to various scenarios and therefore more future-proof. In particular, the gNB can signal some parameters for the UE to derive a BSR table to be used. However, what parameters should be signaled and how these parameters are chosen may need further discussions. 
From specification point of view, for the time being we tend to think RAN2 should start with the approach based on static tables as the baseline, as this is more aligned with the existing framework. Furthermore, if RAN2 decides to proceed with the approach based on new static BSR tables, multiple additional tables (e.g. associating with different granularity levels or step sizes) may have to be defined in order to achieve the flexibility required by XR use cases.
Proposal 1: As a baseline, RAN2 can consider new static BSR tables, assuming multiple new tables may be needed to achieve the desired flexibility.

Delay Information
During the SI phase, RAN2 has discussed the possibility for the UE to report delay information of buffered uplink data. The following agreement has been reached in RAN2 #120:
	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. 




The delay information is deemed to be useful as it could assist the gNB to perform delay-aware scheduling and ensures different traffic flows are delivered in accordance to their QoS requirements. On the other hand, the delay information may also allow the gNB to know if delay of any LCH has already exceeded the PDB, and the gNB may be able to skip scheduling of the corresponding radio resource as it is already too late the transmit. 
The exact information to be reported requires further discussion in RAN2. We think RAN2 can first focus on the following options (but other options can also be considered):
· Option 1: Delay information is based on an amount of time that a packet has been queuing in the buffer. If the buffered data comprises multiple packets arrive at different times, the delay information to be reported should be the longest queueing time among the packets in the buffer.

· Option 2: Delay information is based on an amount of remaining time till the delivery deadline of a packet in the buffer. If the buffered data comprises multiple packets with different remaining time, the delay information to be reported should be the shortest remaining time till the delivery deadline among the packets in the buffer.

· Option 3: Delay information is based on a binary flag indicating whether the buffered data is considered to be “urgent” or “non-urgent”. For example, the data in the buffer of a LCH/LCG can be considered as urgent if the queueing exceed a certain threshold.

Apparently, the first two options can provide much more details about the delay status, which is useful for the gNB to make scheduling decisions in a more flexible manner. However, the signaling overhead for Option 3 can be much lighter, which may be suitable for cases such as when e.g. the UE intends to include the delay information into a padding BSR but the number of padding bits is rather small. Thus, from our perspective all these options can be quite useful in different aspects, and therefore RAN2 can start the discussion based on these options:
Proposal 2: As the baseline, RAN2 should first discuss the delay information to be reported based on the following options (while other options are not excluded):
· Option 1: Delay information is based on an amount of time that a packet has been queuing in the buffer
· Option 2: Delay information is based on an amount of remaining time till the delivery deadline of a packet in the buffer.
· Option 3: Delay information is based on a binary flag indicating whether the buffered data is considered to be “urgent” or “non-urgent”.

Another issue is relating to how to makes sure the gNB can get the up-to-date information of delay. We think this can be handled by UE implementation. For instance, there is a delay between triggering of delay information and UL-resource allocation, but the UE can always derive the latest delay information when generating the MAC CE for the MAC PDU corresponding to the allocated UL resource. Hence, the delay information included in the MAC CE is always up to date when it is received at the gNB side. We think the solution based on UE implementation should be the baseline, RAN2 can further discuss if there is any issue with such assumption.
Proposal 3: As a baseline, RAN2 can assume that the reported delay information can be ensured to be up to date at gNB side via UE implementation.

MAC CE for Delay Information Reporting
Apart from what delay information should be reported, another issue is about “how” the delay information should be reported. Since the delay information evolves dynamically with time, reporting based on MAC CE would be the most feasible approach. However, it is still questionable whether RAN2 should introduce a new MAC CE that is solely used for delay information reporting (which could be dubbed as “delay status report” or DSR), or we can simply extend the BSR for such purposes. 
It is quite clear RAN2 has agreed in SI phase that delay information should be coupled with data volume information. Hence, from our point of view it makes more sense to report delay information by extending the BSR, as the gNB can directly become aware the which buffered data the delay information is referring to by decoding the single BSR MAC CE. If the delay information is reported via a separate new MAC CE, some additional overhead is needed to “link” the delay information with the concerned buffer status of specific LCH/LCG, which increases both signaling overhead and implementation complexity. Thus, we think the delay information should be reported by extending the BSR, rather than relying on a new type of MAC CE.
Proposal 4: The delay information should be reported based on extension of BSR, instead of introducing a separate MAC CE.

New BSR Formats
Following the discussions above, since none of the existing BSR formats are designed to accommodate buffer size based on finer granularity BSR table and/or delay information, we think RAN2 may have to introduce several new BSR formats in Rel-18 to capture the following variants of BSR MAC CE:
· BSR based on the Legacy BSR table, with delay information in the same MAC CE
· BSR based on the new Finer Granularity BSR table, with delay information in the same MAC CE
· BSR based on the new Finer Granularity BSR table, without delay information
Alternatively, it is also possible for RAN2 to introduce only one new BSR format with varying size, but the contents of which can be flexibly changed. In such cases the new BSR format may comprises a field to indicate the information to be conveyed by the MAC CE. For instance, the field may indicate whether the buffer size index(ices) is chosen from the legacy BSR table or the new BSR table with finer granularity. Similarly, the field may also be used to indicate if this MAC CE includes delay information.
Proposal 5: RAN2 should introduce multiple new BSR formats to accommodate different combinations of information in the MAC CE, or a new BSR format with a field to indicate the type of information that is conveyed by the MAC CE.

Triggering Events for Timely Buffer/Delay Status Reporting
During the SI phase, RAN2 has also agreed to examine the aspects relating to timely availability of buffer status information at gNB. We have the following agreement in RAN2 #120:
	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.



We think there are two cases where the gNB may need to have timely buffer status information:
· When the queueing time of delay-sensitive data exceeds a certain threshold, the delay information and/or buffered data volume should be provided to the gNB quite urgently. Thus, we think queueing delay itself can be considered as a new BSR triggering event.
· In Rel-18 RAN2 will also specify some packet discarding mechanisms for XR. When packets of a PDU set are entirely discarded, there could be a disruptive change in terms of data volume, and the gNB should know about this as soon as possible.

Proposal 6: RAN2 may consider new BSR triggering events relating to long queueing delay and packet discarding.
Furthermore, in make sure the BSR triggered by such urgent events can be transmitted more rapidly once they are triggered, the SR/BSR procedures could be enhanced to curtail the potential latency. In particular, presuming the BSR triggered by these events are considered as “regular BSR”,  and if there is no UL-SCH available for the UE to send this BSR, the UE may be hindered from sending SR/BSR due to several running timers including logicalChannelSR-DelayTimer. Thus, think RAN2 can consider how the UE can send SR/BSR more quickly if the BSR is triggered by the more urgent events.
Proposal 7: RAN2 may consider mechanisms to facilitate more rapid SR/BSR transmission when the BSR is triggered by more urgent events.

Cancellation of Triggered BSR Upon Packet Discarding
According to TS 38.321, the triggered BSR may be cancelled if all pending data in the buffer can be transmitted on a MAC PDU:
	TS 38.321:
All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC CE plus its subheader.



Essentially, when the UL grant is able to accommodate all the data, the BSR is no longer needed as the buffer becomes empty. With the similar train of thought, we think there could be a scenario where a BSR is triggered based on UL data availability in a LCH, but then the buffer becomes empty due to packet discarding, even before the triggered BSR is transmitted. In such cases, we think the already-triggered BSR can be cancelled upon packet discarding, as the triggering event of this BSR (i.e. UL data availability) may no longer be valid when packets are discarded.
Proposal 8: RAN2 can consider cancellation of previously triggered-BSR upon packet discarding that results in empty buffer.

Conclusions
This contribution provides some of our views on possible BSR enhancements for Rel-18 XR. In particular, we propose the following:
Proposal 1: As a baseline, RAN2 can consider new static BSR tables, assuming multiple new tables may be needed to achieve the desired flexibility.
Proposal 2: As the baseline, RAN2 should first discuss the delay information to be reported based on the following options (while other options are not excluded):
· Option 1: Delay information is based on an amount of time that a packet has been queuing in the buffer
· Option 2: Delay information is based on an amount of remaining time till the delivery deadline of a packet in the buffer.
· Option 3: Delay information is based on a binary flag indicating whether the buffered data is considered to be “urgent” or “non-urgent”.
Proposal 3: As a baseline, RAN2 can assume that the reported delay information can be ensured to be up to date at gNB side via UE implementation.
Proposal 4: The delay information should be reported based on extension of BSR, instead of introducing a separate MAC CE.
Proposal 5: RAN2 should introduce multiple new BSR formats to accommodate different combinations of information in the MAC CE, or a new BSR format with a field to indicate the type of information that is conveyed by the MAC CE.
Proposal 6: RAN2 may consider new BSR triggering events relating to long queueing delay and packet discarding.
Proposal 7: RAN2 may consider mechanisms to facilitate more rapid SR/BSR transmission when the BSR is triggered by more urgent events.
Proposal 8: RAN2 can consider cancellation of previously triggered-BSR upon packet discarding that results in empty buffer.
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