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1 Introduction

In providing Grant to UE for E-DCH or in scheduling cell resources, UTRAN needs information from UEs

It is clear that as more detailed information on buffer status or power status of the UE is given to Node-b, more optimized scheduling is possible. But detailed information comes at the expense of more overheads. 

In this document, we look into an efficient and optimized Rate Request reporting mechanism with fewer overheads.

2 RBs To Be Reported

In section 10.1 of [1] states following for Non-scheduled data:

In addition to these mechanisms, guaranteed bitrate services for MAC-d flows / logical channels (FFS) are also supported through non-scheduled transmission. A flow using non-scheduled transmission is defined by the SRNC and provided in the UE and in the Node B. The UE can transmit data belonging to such flow without first receving any scheduling grant. 
From this, we can understand that for the RBs designated by SRNC, UE is able to transmit without explicit grant from Node-b. And following is stated in 10.1.1 of [1]:

For non-scheduled transmission, it is used for the Node B to reserve sufficient amount of resources.
Accordingly, it seems that UE does not need to send rate request or buffer status for these RBs to Node-B, because Node-b has already taken these RBs into account. This mechanism will be useful for the voice service and SRB.

For the streaming service, guaranteed bit rate is almost the same as the average rate that the application needs. Even though there is a moment when the required bit rate is above the GBR and there is a moment when the required bit rate is below the GBR, the average required bit rate is almost the same as GBR for the streaming service. 

Accordingly, if the Node-b is notified that a certain RB is GBR service, then the scheduler will allocate resource for that RB to meet GBR on the average within the allowed maximum delay. This is another example of RBs that the UE does not have to send buffer status report, because the scheduler of Node-b will track the allocated rate and the received data from this UE and schedule to meet the GBR requirements on average.

Then, the issue is the remaining application area, which is interactive and background service. Actually, the data rate that will be needed on the average is not known a priori for I/B service and instant required data rate changes dramatically in this kind of services. So, UE needs to send buffer status report for this RB of I/B service type. 

Thus, we believe that buffer status report needs to be done only for the RB of interactive or background service. In the following, we look into the way to convey this information from UE to Node-b
3 Uplink Signalling For Rate Request

In section 9.3.1 of [1], UE Buffer Occupancy, Estimation of the available and needed power/rate is listed to be included in the Scheduling Request. And usage of one bit on E-DPCCH is FFS. In this section, we discuss what needs to be transfer when and how.
3.1 At initial Burst

When there is no granted rate, Node-b scheduler has no information on how much power is available at the UE and how much data is waiting in UE’s buffer. 

First of all, scheduler should be able to estimate how much Grant need to be allocated how long. Thus, naturally, rate request should include the buffer status information. At the start of burst, it may be beneficial for UE to tell the scheduler exact amount of data buffered in the UE at the moment when Rate Request is sent. And because the MAC-e PDU used to deliver the buffer occupancy information has enough room, using many bits to describe the Buffer Occupancy more precisely will not impact performance.

Secondly, it’s necessary to prevent scheduler from allocating more Grant than available power at the UE. So Rate Request at initial transmission should include UE’s available power. This will help scheduler to allocate Grant to the UE within UE’s available resources.

By the way, if the UE is using conversational or streaming service, then it will be quite rare case that the allocated Grants drops to zero. And at the very beginning of this service, Node-b may allocate cell resources for this type of services before receiving any rate request from the UE. If this is true, then we need to only consider the data burst of I/B services.

In R99, if UE in Cell_PCH state receives data from upper layers, then the UE starts Cell Update procedure immediately. But for HSUPA, the time from the moment the UE sends rate request to the moment Grant is assigned to UE is shorter than the case of Cell Update, and generally I/B service is more delay robust. Thus when the amount of buffered data in the UE goes beyond the threshold set by network, the UE sends Rate Request. And to prevent UE from waiting too long for the buffer level to be higher than the threshold level, timer can be used for safety reason.

3.2 When Grant is available

Once the scheduler knows the amount of data in the UE with exact value with the help of Rate Request of non-scheduled transmission, it is proposed for later Rate Request to report the amount of new data between the times of each report.  We can call this relative reporting.

With relative reporting, UE informs Node-b of the difference in the amount of data in the buffer over time. In other words, one buffer status report indicates the amount of newly arrived data in the UE buffer, from the moment when the last buffer status report is sent, to the moment when this buffer status report is transmitted. For example, let’s assume that when the first buffer status report was sent, there was 5 Kbytes of data in the buffer. Between the time of first buffer status report and second buffer status report, if 1 Kbytes of data is newly received from the upper layers in the UE, then the second buffer status report indicates 1 Kbytes to Node-b. 

In this case, by accumulation of all the Rate Request from the moment when initial Rate Request of initial burst was sent, scheduler in Node-b knows exactly how much data needs to be transferred from the UE to network.

Actually with TVM, we can get what this relative reporting achieves. By setting traffic volume measurement reporting quantity to RLC Buffer Payload, the measurement report tells the amount of data in the UE very accurately. But with this TVM solution, the problem is that once the buffer amount is over the threshold and after the report is sent, the UE does not send another report, until pending time after trigger elapses. Furthermore, this TVM reports the existing amount of data in the UE at the time of report generation and does not give any cumulative information. Setting TVM with average RLC buffer Payload or Variance of RLC buffer Payload does not help a lot. Because of time average effect, these mechanisms report neither accurately nor fast. Thus, with current TVM mechanism, UE needs to perform more frequent reporting and should use more bits to achieve same precision as relative reporting.

On the other hand, the relative reporting method has one more benefit. It can notify Node-b of the delay information if the UE reports buffer status per logical channel. For example, assume that one relative reporting indicates 1K bytes of new data in logical channel 1. In this case, if the Node-b knows the discard timer parameter of this logical channel, then Node-b can infer roughly the time when 1K byte data will be deleted in the UE, and accordingly Node-b can estimate the maximum scheduling delay allowed for this amount of data, using the TTI when this buffer status reporting is initially transmitted and discard time parameter information. This means that Node-b can schedule cell resource more flexibly with no compromises.

By the way, for the power information, when the UE has Grant, the UE does not have to tell Node-b about available power information. It’s because, unlike the initial Rate Request, which has the flexibility to be updated in every retransmission, Rate Request during transmission can’t be revised with up-to-date information. Thus, power information is generally out of date information at the time when the Rate Request is successfully received at the Node-b. Additionally, Happy bit can do the same thing more efficiently. When Node-b does not receive Happy Bit, it should not increase the Grant for the UE. On the other hand, when Node-b receives Happy bit, it can allocate more Grant to the UE, if it has resources and other conditions allow. 

4 Conclusion

This paper discussed on the reporting of UE buffer status. It is proposed to agree:

· When UE has no Grant, Rate Request 

· Includes available power information

· Includes the amount of data buffered in the UE

· When UE has Grant, Rate Request

· Reports difference in the amount of buffer between the times when the reports are generated.

· Send Happy Bit when it can allocate more power for EDCH.
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