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1. Introduction
The E-UDCH is expected to support time-bounded services in addition to time un-bounded services [1]. And two scheduling schemes have been proposed. In the time & rate scheduling UE may report its buffer status and/or power status to Node B [2]. But the exact definition of the buffer status report is FFS [3].

To improve schedule efficiency, it has been proposed that the Qos information should be used in the scheduling process [4,5]. For the packet data service, the bounded-time delay is one of the most important Qos information. However, how to use the time-delay information is not mentioned before. 

In this contribution, we discuss the weighting of the buffer status reports with time-delay information.  The buffer status report should be the minimum amount of data to be transmitted to meet time delay QoS requirements, where this amount is less than the total amount of data in the buffer.

2. Buffer status definition based on bounded time-delay requirement
2.1 The buffer status definition used in 3GPP for RNC scheduling and proposals for EUDCH
According to 3GPP protocols, the UE may send a traffic measurement report to RNC for scheduling purpose. One choice of the measurement result is the amount of data in bytes stored in the UE buffer (BO). The RNC will decide how many resources the UE can occupy so that all the packets in the buffer will be transmitted in the next uplink TTI or scheduling period [6].  It has been proposed to extend this idea to EUDCH by sending Buffer Status Reports directly to the Node B, to improve scheduling.
Furthermore, it has been proposed at RAN1 38# at Prague, that the time duration could be sent to Node B to increase the scheduling efficiency, so that the packet data will be transmitted before being discarded from the UE buffer. Here the “time duration” refers to how long the packet data can be stored in the buffer before it is discarded from the buffer. But there are two drawbacks to sending this kind of “time duration”:

· It will lead to a large uplink-signaling overhead

· For the burst and bound-delay characters of the packet data service, different packets will arrival to the UE buffer at different times, then it is very hard to decide an appropriate “time duration” for all the stored packets in the UE buffer. 

2.2 Weighting Buffer Status Reports with Time Delay Information
All in all, the UE must occupy a minimum amount of resources to guarantee the time-delay QoS of a service. Reporting Time Sensitive Delay information increases L1 signaling whereas reporting only the Buffer Status does not take this information into account and may over compensate the UE resource requirements reducing the resource utilization efficiency of the scheduler.  
Due to the burst character of data services, the packet will arrive at different times. According to the bounded-delay information, packets with different arriving time can tolerate different delay, and it’s not necessary to transmit all these packets in the same TTI. 
In this contribution, the buffer status 
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, is defined as the number of bits of information needed to be transmitted in the next TTI, to guarantee the service bounded time-delay requirement, or to avoid the removal from the buffer before transmission. 

The detail definition of the buffer status 
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can be referred to formula (1) in the appendix. 


[image: image3.wmf]T

¢

 is defined as the maximum number of bits in the buffer. The buffer status used in 3GPP for RNC scheduling, 
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, is also given in the appendix as the formula (2). 
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 combines the UE buffer information (
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) and the service’s time-delay QoS information (
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), and it can express the resource requirements more precisely. In other words, 
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means the minimum request of the UE, and 
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 means the maximum request. 

In order to save bandwidth, values for  
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 can be stored in a table. Only an index into this table needs to be signaled by the UE.  A model for such a table could be the RLC Buffers Payload referred to in 25.331-10.3.7.67 Traffic volume measured results list: Enumerated (0, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2K, 4K, 8K, 16K, 32K, 64K, 128K, 256K, 512K, 1024K).  But this is FFS.

2.3 The Advantages of Weighting Buffer Status Reports with QoS Time Delay Information
The following advantages can be found in the proposed solution:

· The 
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can express the UE resource requirement more precisely than 
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 does, while it guarantees the UE bounded time-delay requirement.

· The calculation of the 
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 is simple and feasible to the UE, for all the needed information is available at the UE side.

· The UE needs not to send the so called “time duration” to Node B for scheduling purpose, decreasing the uplink signaling overhead.

· The limited resources of Node B can be scheduled more efficiently.

3. Conclusion

In this contribution, a buffer status definition is proposed, which combines the buffer information with service bounded time-delay requirement. And the UE needs not to send the “time duration” to Node B, since this parameter has been taken into account in the 
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 calculation. Then the uplink-signaling overhead can be decreased. And the 
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 can express the UE request more precisely, so that the scheduling process in Node B can be more efficient. 
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Appendix: 
For the general and simple purpose, we assume that a UE has 
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logical channels ongoing, and each logical channel is associated to a kind of service with different time delay. For the 
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 logical channel, we suppose that 
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 number of packets are stored in the buffer, and for each packet, the following parameters are defined:

· 
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, The number of bits (or bytes) of the 
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 packet,

· 
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, The time (numbers of TTI) that the 
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 packet can still be kept in the buffer according to the service’s Qos information.

Where 
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Then to guarantee the time-delay Qos of the service, the traffic volume that the UE must transmit in the next TTI (or schedule period) is:
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If the 
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, then (1) can be simplified as:
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We know that 
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is the buffer status of UE without considering the service time-delay information. And  
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 is the total amount of information stored in the buffer. It means that the buffer status used in the current traffic volume measurement report (
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) is a special case of 
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defined in this contribution.

In Formula (1), 
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is the size of a packet, which is available to UE. The parameter 
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is related to the arrival time of the packet and the service time-delay information. For a packet data service, the time-delay information is available to UE and the arrival of a packet is also marked, so 
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is available to UE too. Then the new traffic volume report 
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is feasible and is easily computed at UE.
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