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Introduction
Enhanced Uplink can improve Uplink user and cell throughput by using AMCS, high-speed Node-B scheduler and HARQ. RAN WG1 has been studying various schedulers. They can be categorized into the following two types [1]. 
· Time and rate scheduler

· Rate scheduler

More specifically, rate scheduler can be classified as per flow, per UE and per cell schemes [2, 3]. 
Time and rate scheduler and rate scheduler per UE or per flow requires Node-B to be aware of each UE’s status, such as amount of data in their buffers and power head rooms. This incurs additional UL signalling as the UEs need to report their statuses, and DL signalling as rate (and time) is allocated per UE /flow. 
Furthermore, these schemes may not only increase Node-B complexity, but also increase testing and operational complexities.  
On the other hand, there are simulation results, which show that cell level rate scheduler and UE level rate scheduler performs approximately the same in terms of cell throughput and packet data rate [2]. 
For these reasons, we recommend simple cell level scheduler to be selected as one of the scheduler options or the only one type of scheduler in this WI. 
In this document, we propose cell level rate control scheme called “Autonomous Transmission with Rate Ramping” which needs minimal additions from R99/5 schemes in terms of complexity and signalling load. 
This scheme can be expanded to per UE scheme, and be applied with Time and rate controller as Autonomous transmission. 
2. Autonomous Transmission with Rate Ramping
We propose the following rate control method wich requires minimal change from R99/5 air interface. 

a) Each UE raises its data rate by a predetermined pattern as far as it has enough power and data to transmit.

b) Node-B always broadcasts the “Maximum allowed data rate of UL” (Rate Grant). Mac-e in Node-B controls the value “Maximum allowed data rate of UL” according to its RoT value and hardware resource situation. 

This method can be categorized as a cell level rate control which controls only the “maximum allowed data rate” in the cell. UE autonomously ramps up its own data rate to the value. This method can be applied as autonomous transmission with other intelligent schedulers. 
We describe the details of this scheme below. 
2.1 Normal operation

When UE transits to the Cell_DCH state, it receives “Initial maximum data rate” by RRC signalling from RNC.  When traffic occurs in the UE, it transmits data at the initial data rate and ramps up the data rate according to the rate level it belongs. Rate level is defined to each UE by its present data rate. Table 1 is an example of the mapping of rate level and maximum allowed data rate in the next TTI. This kind of table can be fixed by the specification, or be semi static. A fixed table may be preferable from complexity point of view. 
Node-B controls and broadcasts the “maximum allowed data rate” in the cell according to its RoT and its hardware resources. 
Fig 1 shows an example of rate ramping pattern using rate level shown in Table 1. In this example, maximum allowed data rate broadcasted by Node-B is changing from 1,024kbps to 768kbps. 

Table 1. An example of mapping of rate level and maximum allowed data rate in the next timing
	Rate level
	Present Data rate “r”  (kbps)
	Maximum allowed data rate in the next transmission timing

	1
	0 ≦r ＜32
	32

	2
	32≦r < 64
	64

	3
	64≦r < 128
	128

	4
	128≦ r < 256
	256

	5
	256≦r < 512
	512

	6
	512≦r < 768
	768

	7
	768≦ r < 1024
	1024

	8
	1024≦r <1280
	1280

	9
	1280≦r ≦ 1536
	1536
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Fig. 1 An example data rate ramping

2.2 Operation when data rate falls down

When data rate transmitted by UE falls down, there is a possibility that traffic in UE immediately occurs and gets back to the level before the data rate fell. Therefore it is desirable to keep the data rate for those UEs during some period.  “Rate level timer” can be defined for that purpose.  Figure 2 shows an example of how the timer “T” works.  
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fig.2 An example of how the timer “T” works

More specifically, rate level timer can be defined as follows. 

When data rate falls down, rate level shall be subtract 1 level and kept during the rate level timer.  
Fig. 3 shows more complicated example of how the timer works.  
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Fig.3 Another example of how the timer “T” works

2.3 Rate control timing

As for the timing of changing the rate in this scheme, there are two alternative as follows. 
Alternative 1) TTI by TTI (Fig.4)
Alternative 2) The next TTI timing after UE receives Ack signal (Fig 5)
If E-TFCI is not received correctly, Node-B cannot know whether if the UE transmitted or not, and how large the current data rate is. This means that Node-B may not know the UE’s rata level correctly. Therefore, alternative 2 might be a better approach. 
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fig. 4 Rate level transition of Alternative 1.
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fig. 5 Rate level transition of Alternative 2
2.4. Related signalling 
In this scheme, required signalling is only the per cell “Maximum allowed data rate” (Rate grant) per frame or several frames on DL shared control channel. 
2.5. SHO operation
SHO operation is FFS. This is an important issue to be covered carefully. It will need some procedure when UE enters SHO region. But note that this is a common issue for all rate control schedulers and can be solved. 
2.6. Extension and compatibility with other schemes
As an extension, maximum data rate can be controlled per UE by using a dedicated control channel or a stop signal can be defined as dedicated signalling to stop UE ramping its rate. 
If time and rate control is approved, this scheme can be used with it as autonomous transmission. 

3. Conclusion

In this document, we propose a cell level rate control scheme called “Autonomous Transmission with Rate Ramping” which requires minimal additions to R99/5 schemes in terms of complexity and signalling load. 

As some of them are already described above, this method has the following advantages. 

- Changes from R99/5 transmission is kept minimal.
- The only required signalling is maximum allowed data rate which is per cell.

- RoT fluctuation is slow since rate ramping is applied
- As all UEs are controlled by a common “maximum data rate”, fairness is achieved. 
- It can be applied with other intelligent schedulers, per UE or flow, as autonomous transmission because there is no dedicated signalling to mapped into the dedicated physical channel.
- It matches TCP “Slow start”. 
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