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1 Introduction

Triggers for buffer status reporting has been discussed during last RAN2 meetings. It has been agreed that buffer status report is triggered periodically and the period is signalled by RRC.

On the other hand, event based status reporting is still under discussion. 
Event based reporting is more efficient than periodical one, but is more complex at the same time. 

This paper proposes one simple event trigger, which is efficient in supporting interactive and background traffic.

In the discussion section, we first look at what is the cirtical information for Node B to track UE’s buffer status. It is clarified that buffer input is more important than buffer output. 

Based on this, an event triggered reporting called ‘New SDU arrival’ is proposed, which basically report all buffer input instantaneously.
2 Discussion
2.1 Buffer Status Tracking in Node B scheduler

Two factors should be taken into account when Node B scheduler tracks a UE’s buffer status; The input to the buffer and the output from the buffer.

Buffer input is incoming of higher layer data, while buffer output is submission of PDUs to lower layer. 

In node B’s point of view, buffer output is deducible information from E-TFCIs the concerned UE has signaled. 

Both in SHO and in non SHO, the serving node B is aware of the E-TFCI being signalled even when it is not receiving MAC-e PDU itself. 

So it is a simple mathmatics that subtracting the amount of data corresponding to E-TFCI signalled from the overall buffer size.  

Provided that Node B scheduler is aware of buffer output with enough accuracy, the point is how to make Node B scheduler aware of UE’s buffer input. 
The simplest and quickest way is to let UE to report whenever new data arrives from higher layer. 

One can argue that this would cause excessive buffer status reportings. 
This is true for some services like VoIP or interactive gaming, where a SDU is relative small. For example, VoIP packet is usually smaller than 320 bit if header is compressed. Since one RLC SDU triggers one buffer status reporting, the overhead from buffer status reporting is 7.8%.
 
On the other hand, reporting every SDU is quite efficient for I/BG services, where a SDU is around 12000 bit.  The overhead of buffer status reporting is less than 0.2% in this case.
In the next section, we elaborate ‘new SDU arrival’ trigger, which triggers buffer status reporting whenever new RLC  SDU arrives a RLC buffer. 
2.2 New SDU arrival trigger 
As explained above, the trigger ’New SDU arrival’ is suitable to I/BG services, like file upload service or web surfing service, which run over TCP. 
In TCP, new TCP segments(or RLC SDU) are forwarded to the lower layer when it gets ACK from the other host. 

It means that arrival of ACKs from the other host immediately cause the arrival of RLC SDUs in the RLC buffer. 
It is often said that one ACK generates one(after slow start) or two TCP segments (during slow start). This is not entirely true because most of deployed TCP use ‘delayed ACK’ mechanism to reduce the number of ACKs. In this mechanism, TCP receiving side wait some time before sending ACK. And during that time, if another TCP segment arrives, those 2 TCP segments are ACKed together by one ACK packet. 

Therefore one ACK usually generates two or four TCP segments, which in turn cause new SDU arrival in RLC buffer. 

To get full benefit from ‘delayed ACK’ feature, waiting short period before sending buffer status report would be needed. Otherwise MAC-e/es will report buffer status 2 times for an TCP ACK.
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Figure 1: Interaction of a delayed TCP ACK & ‘new SDU arrival’ trigger
Table 3 show the required bandwidth for scheduling information transmission, when only periodic report is configured, when only event trigger is configured and when both are configured with relatively long peiod for periodic reporting. 
Assumed parameters are; 

The size of TCP segment is 1440 byte. Layer 2 throughput is 64 kbps in average. TCP window size is 256 KB. Size of scheduling information is 25 bit.
Table 3: Required Bandwidth Comparison
	Size of File to be uploaded
	Only Periodic
	Only Event triggered
	Periodic + Event,

Periodic = 500 msec

	
	Period = 10 msec
	Period = 100 msec
	
	

	
	Total BW
	Ratio
	Total BW
	Ratio
	Total BW
	Ratio
	Total BW
	Ratio

	100 KB
	32000 
	3.91 %
	2304
	0.39 %
	396
	0.07 %
	864
	0.12 %

	1000 KB
	320000 
	3.91 %
	23040
	0.39 %
	5670
	0.10 %
	10278
	0.15 %

	10000 KB
	3200000
	3.91 %
	230400
	0.39 %
	63270
	0.11 %
	109350
	0.16 %


Above table is to show approximate bandwidth requirement, so some details are not taken into account.  
It should be noted that event triggered reporting does consume less bandwidth while make Node B scheduler aware of every incoming SDU more quickly.  
3 Proposal
It is shown that event trigger of ‘new SDU arrival’ is efficient at least for the bulk data transfer where relatively large SDUs are used, and almost all types of file upload applications upto date fall into this category.
So the proposals are;

· RRC configure ‘New SDU arrival’ event per logical channel.

· RRC configure periodic reporting per UE.

· Periodic and event based reporting work independently.
· In ‘New SDU arrival’ event, UE wait [TBD] msec before sending SI to cope with delayed ACK. 
Text proposal reflecting above are attached. 
Text Proposal

9.3.1.1.2
Triggers

In the case where the UE’s “Serving Grant” (SG) equals to zero (i.e. UE has no Scheduling Grant) and it has Scheduled data to send on a logical channel for which Scheduling Information must be reported:

· Scheduling Information shall be sent to the Serving E-DCH RLS in a MAC-e PDU..;

· Periodic reporting to protect against NACK-to-ACK misinterpretation;

· Scheduling Information could be sent alone, or with non-scheduled data, if such exist.

In the case where the UE's “Serving Grant” (SG) is above zero (i.e. UE has a scheduling grant): 

· it shall send the Scheduling Information to the Serving E-DCH RLS in the MAC-e PDU;

· the Scheduling Information is sent periodically (period defined by RRC);
· ‘New SDU arrival’ trigger is configured per logical channel.
· When configured, the scheduling Information is sent when [TBD] msec elapsed since a RLC SDU arrives the RLC buffer..
· 
The details on how Scheduling Information is included in the MAC-e PDU are FFS. 









































































� the size of SI is assumed as 25 bit. Special DDI 6 bit, Type 3 bit, Total BO 5 bit, LCH id 4 bit, highest LCH BO 3bit, power headroom 4 bit 
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