3GPP TSG RAN WG1 Meeting #39,                                                 R1-041433
3GPP TSG RAN WG2 Meeting #45,                                                 R2-042452
Shin-Yokohama, Japan, 15 – 19 November, 2004
Agenda item:

7 RAN WG1 / 12.2 RAN WG2

Source:
Fujitsu

Title:
Absolute Grant Content and Uplink Signalling: Buffer Status Reporting
Document for:
Discussion and Decision
1 Introduction
While the latest discussions in RAN1/2 identified buffer occupancy reporting as open secondary issues the latest version of TS25.309 did not capture this concept. In this contribution, we briefly summerize the benefits of buffer status repoting and its application to scheduling.

The advantages of involving buffer status in uplink scheduling have been identified in SI phase and captured in [1] and later was exploited in [2-5]. It is shown how involving a capacity indication in from of mean buffer occupancy can improve user experience in terms of end-user delay and fairness significantly. In this contribution, the benfits of buffer occupancy signalling is summerised and and approach is proposed for buffer status reporting from UE to Node-B in uplink. 

1. By providing the mean buffer capacity information as an aggregate value to UE, UE simply measures its own distance from this aggregate value. Therefore UE is well aware of other UE’s buffer filling status: In making its final decision on transmission rate, it not only considers its own buffer occupancy and its own power capability, it also considers other UEs buffer filling status in short term.  

2.  If UE has few data to transmit and well below the aggregate, it backs off to let UE with critical buffer filling status use more radio resource and recover from its current critical situation. This leads to better exploitation of data diversity and better fairness for scheduling cell-wide.

3. As an example consider the process of ramping:

For two UEs with similar low initial bit rate when UEs have fairly low data rates, UE with almost full data buffer should ramp up with a higher speed than UEs with small amount of data in their buffer otherwise it will suffer from further delays.  

The idea of applying faster ramping up is beneficial as it distinguishes between UEs with critical UE buffer load conditions. UEs will enjoy less end-UE delay and overall user experience will improve cell wide. 

Therefore it is suggested that in deciding the speed of ramping and amount of offset, both initial bit rate and buffer occupancy should be taken into account.

The problem with relative grant (RG) is that it does not provide an indication to UE that how much it should decrease or increase the speed of ramping up process. The bit rate on its own is not sufficient to make a decision on the offset value or speed of ramping up process. The mean buffer occupancy information (MBO) in UE can be employed to dynamically adjust the ramping speed. This leads to better delay profile cell wide. 

4. RoT is just an instantaneous capacity measure which while helpful for interference management in Node-B, it does not provide any information about the status of queuing system or amount of data sitting in UE buffers in uplink waiting for transmission.

In contrast, mean buffer occupancy is a measure of capacity which provides a more futuristic information to Node-B (and even UEs if somehow signalled to them), making them aware of competition each UE in short term faces from other UEs. 

5. Due to nature of bursty traffic we might end up with situations when group of UEs suddenly receive high amount of data when they already have a near full buffer. On the other hand group of other UEs may have low data for transmission. This imbalance in buffer loading status if not dealt with, leads to low fairness and bad UE experience. While higher layer might take care of this issue on a slow basis, if rely only on RoT profile for this imbalance buffer condition and not take care of fairness on a fast basis the overall user experience cell wide will suffer: t is worth noting also that if absolute grant (AG) mainly is controlled by RoT, is not capable of dealing with this fast changing dynamic of queuing system (i.e. imbalance buffer filling situation) on a fast basis. On the other hand the relative grant (RG) is also not fast enough: MBO information provides a simple solution for this problem.

2 The Suggested Signalling for Buffer Status Reporting

UE buffer length is divided into number of segments (e.g. fifty segments can be represented by 6 bits). Whenever the buffer filling amount changes by one segment or more, UE informs Node-B by transmitting the 6-bit information on E-DPDCH. 

3 Conclusion

As mentioned above, we propose signalling of buffer occupancy from UE to Node-B and mean buffer occupancy from Node-B to UEs.  Accordingly text proposal is provided in R2-042451.
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