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1. 
Introduction
Streaming and interactive and background PS services are the main target of this Work Item [1]. Delay critical services such as streaming and gaming have to be supported by an intelligent (dedicated) scheduler such as Time and Rate scheduler or Dedicated Rate scheduler. On the other hand, less delay critical services such as upload, e-mail with moving pictures by using FTP or SMTP protocol and control signals for DL TCP/IP download might be dominant than gaming and uplink streaming in UL of 3G systems. Taking this into account, it is desirable that we can select simple rate control, which incurs some amount of delay for large amount of data, but can be implemented with minimal changes from the R99/5 platform [2, 3].
With simple rate control, manufacturers can implement EUL Node-B with minimal modification from Rel5 Node-B, and/or operators have to deal with less operational and testing complexities. 
Common (Cell level) rate control is a candidate scheme for simple rate control, which can improve sector throughput and user throughput with minimum signalling load and complexity [2-4]. But it is desirable that signalling structure of dedicated and common rate controller is basically same from UE complexity point of view. 

Therefore, we should implement common rate controller as one mode of dedicated rate controller. 

On the other hand, on general common rate controller, the maximum data rate broadcasted has to be conservative since the Node-B has no knowledge on which UE will be transmitting at a particular TTI timing (which means that the Node-B must configure HW resources to process transmission from all UEs at the cell broadcasted maximum data rate).
Taking above into account, we propose rate ramping scheme for (only) common rate controller which solves the above problem. 
2. Common rate control
2.1 Rate Control alternatives 

Following are the scheduler options that have been raised in the meetings until now. 

· Dedicated Time and Rate control [5]
· Dedicated Rate control  [6]
· Common Rate control  [2, 7]
2.2 Common rate control 
Among above scheduling options, Common Rate control is the simplest from UE and network point of view. Figure 1 shows image of Common Rate control. 
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Fig. 1 Cell level rate control 

In Common rate control, Node-B broadcasts rate related parameters frequently in order to control UEs’ data rates [2-4]. 

Every connected UE translates those parameters to its allowed data rate 

Node-B controls the parameters in order to keep RoT to the maximum allowed values. Figure 2 shows image of RoT controlled by Node-B. 

[image: image2]
Figure 2. Image of RoT variation and control
Not only from complexity point of view, but common rate controller is attractive also from performance point of view. In fact, it is shown that cell level rate control can achieve comparable throughput with other more intelligent schedulers [2]. 
2.3 Transmission delay
An example of UL transmission sequence is depicted in Figure 3. As this figure shows, common rate control may have less transmission delay for small amount of data because it has no additional signalling before data transmission. 

[image: image3]
figure 3. An example of UL transmission sequence

2.4 Rate Grant

Rate grant of common rate controller can be configured as one mode of dedicated absolute rate grant. For example, if we use UE-ID for EUL scheduling, common signal can be mapped to a particular UE-ID.

Since we should control only one value related the data rate, the overhead of rate grant can be the minimum compared with dedicated rate control.  
Taking above describes into account, we propose to include common rate controller as one mode of dedicated rate control. 
3 Autonomous rate ramping

We propose to apply following schemes called “Autonomous rate ramping” into common rate control mode. 

3.1 Operation
UEs using E-DCH are categorized into rate levels by their data rate at each time duration. At each rate level, the maximum allowed data rate at the next time duration is defined. Table 1 shows an example mapping of rate levels and the maximum allowed data rates at the next time duration. Even if common rate control grants UE to transmit at a higher data rate than the “maximum allowed data rate in the next time duration” in this table, UE has to limit its rate by this maximum allowed data rate. Data rates can ramp up, as shown in this table, until the UE achieves the rate granted by cell level rate controller. Figure 4 shows an image of this autonomous rate ramping. 
Table 1. An example of mapping of rate level and maximum allowed data rate in the next timing
	Rate level
	Data rate “r” in present time duration  (kbps)
	Maximum allowed data rate in the next time duration (kbps)

	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



[image: image4]
Fig. 4 Image of this autonomous rate ramping.
3.2 Motivation to include Autonomous rate ramping

In general, common rate control can be achieved by following rate grants.

(1) Absolute rate grant

Node-B broadcasts rate (or rate related information) by absolute value. 

(2) Relative rate grant

Node-B broadcasts relative command such as Up/Down/Keep.  

Relative grant may have a problem from fairness perspective. This is illustrated in an example below.
If at some time, UE1 is transmitting at 1Mbps and UE2 at 100kbps. With common relative grant, UE1 will always have a higher transmission rate, and the issue of fairness will not be resolved.
Therefore, we propose to use absolute grant for common rate control more.
Rate control by using absolute grant is very simple in which Node-B broadcasts Maximum allowed data rate (or Maximum allowed total data rate [6]) and UEs in the cell obey the grant. 
On the other hand the absolute grant has one drawback for common control from Node-B HW resource allocation perspective as described below.
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Fig. 5 General base band structure relating uplink decoding
Fig.5 shows general base band structure relating uplink decoding. Each despreader before the buffer despreads by using minimum spreading factor which can be calculated by maximum allowed data rate for each connection. If maximum allowed data rate for each connection becomes large, buffer has to be very large. Therefore the maximum allowed data rate broadcasted has to be very conservative because Node-B has no knowledge on which UE will be transmitting at a particular TTI timing. 
By applying the ramping scheme, the Node-B can know the maximum data rate for each UE on each TTI timing which means that despreader before the buffer can despread  by using appropriate spreading factor and buffer size can be reasonable. 
By ramping up data rate at each UE, RoT of the cell exceeds maximum allowed value or Node-B hardware resource achieves fully allocated. In this case, the Node-B can lower the cell broadcasted allowed maximum data rate, which means the Node-B can free some hardware resources allocated to the UEs that have already reached the cell broadcasted allowed maximum data rate and of course it can lower RoT to the Threshold. 
Besides that, some UE stops transmission when the buffer becomes empty. In this case, RoT decreases and some amount of Node-B HW is freed. Then Node-B can raise the allowed maximum data rate.   

Therefore, we propose to use absolute grant with autonomous rate ramping for common rate control mode. 
3.3 Advantages and Disadvantages of Autonomous rate ramping

Advantage and disadvantage of autonomous rate ramping are listed as follows. 
Advantages

-
Node-B can appropriately allocate its base band resources. This has already been explained in subsection 3.2. 
- 
Abrupt RoT fluctuation can be avoided. Thus Node-B can handle RoT more accurately. 
- 
It matches TCP “Slow start”
-    Transmission delay of small size of packet such as TCP Ack/Nack can be minimized. This has already been explained in subsection 3.1
Disadvantages

· UE cannot transmit its data rate designated by rate controller rapidly. It means that this mode is not appropriate for strict QoS service (Thus transmission delay may be larger in case that UE should transmit large amount of data rapidly). 
The disadvantage described above has to be overcome by using dedicated scheduling mode. As described in the Introduction section, common rate control mode is suitable for less delay critical services such as upload, e-mail with moving pictures by using FTP or SMTP protocol and control signals (Ack, Syn and etc)  for DL TCP/IP download. 
3.4 Priority handling 

Priority handling is one of the requirements for this EUL WI [1]. Although it may be less strict handling than dedicated rate control, common rate control can also support priority handling by configuring different maximum allowed data rate for each priority group. If operators need to have very strict priority handling we have to use dedicated rate control mode. Besides, priority handling have to be implemented within each UE’s MAC-e function like MAC-d TFC selection.
4. Other issues

4.1 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 6 shows an example of how the timer “T” works.  
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fig.6 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. 7 shows more complicated example of how the timer works.  
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Fig.7 Another example of how the timer “T” works

4.2 Rate control time duration
As for the timing of changing the rate in this scheme, there are two alternative as follows. 
Alternative 1) TTI by TTI (Fig.8)
Alternative 2) The next TTI timing after UE receives Ack signal (Fig 9)
If E-TFCI is not received correctly, Node-B cannot know whether if the UE transmitted or not, and rate level of the UE.  Therefore, alternative 2 might be a better approach. 
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fig.8  Rate level transition of Alternative 1.
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fig. 9 Rate level transition of Alternative 2
4.3. Required upper layer signalling 
In this scheme, required upper layer signalling is only “initial data rate” which can be report UE when connection is set up. In addition, rate level table described in Table 1 may be signalling if it is semi-static although we assume this table is fixed in the system for simplicity.
4.4. SHO operation
SHO operation is an important issue to be covered carefully. We describe one approach for SHO operation as an example. 

When RL addition become required, CRNC sends command to Node-B(s) and UE to stop changing the connection’s rate levels while the RL addition control is completed and then restart the rate control for the connection. 

While SHO, UE has to limit its data rate at the minimum value of each RL’s rate grant. In addition to that, each UE has to keep rate level until Ack signals for the data transmission at maximum data rate of the rate level are received from all RL. 
Again, above approach is only an example and of course there is a possibility that we can come up with more effective method. 

4.5 Compatibility with Dedicated rate controller

As we express in the introduction section in this paper, we think that it is desirable that the signalling structure of dedicated and common rate control are basically the same in terms of UE complexity. Then, followings are our assumption.

1) Higher layer signalling should support the command to switch off this ramping scheme for dedicated rate controller.

2) Rate grant can be the same structure and common rate control mode with ramping can be configured by just indicating the mode is “common”. This mode indicator might be MAC-e signalling or Layer 3 signalling.  
3) Coexisting of UE operated common rate control mode and dedicated rate control mode in the same cell is FFS because it depends on structure of dedicated rate controller. But the coexisting can be beneficial because it may exploit benefits of both common and dedicated rate controller. . 
5. Conclusion

In this document, we recommend a common rate controller to be selected as one mode of dedicated rate controller.
As are described sections, it has following advantages. 

-  Changes from R99/5 transmission is kept minimal.

- It can be realized with relatively small modification from R99/5 platform.

- It may have comparable performance with more intelligent scheduler/rate controller.
- Only rate grant is signalling overhead.  

- It may be applied with other intelligent (dedicated) schedulers such as time and rate scheduling 
In addition, we propose “Autonomous Rate Ramping” which lowers complexity of some types of Node-Bs. 
As are described above, this method has the following advantages. 

- Base band resource can be reserved for next transmission timing thus required buffer size can be kept minimal. 

- RoT fluctuation becomes slow

- It matches TCP “Slow start”. 

If this ramping method is approved, we would prepare text proposal for TS25.309. 
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