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1
Introduction

At RAN#27, discussion on simplification of the E-DCH scheduler took place, and as an outcome, RAN has tasked RAN WG2 the following [1]:

· “RAN tasks RAN WG2 to reduced unnecessary options and come for the next RAN Plenary with a Stage 2 whre no functionalities shall be unnecessarily duplicated, i.e. where all functions are useful in all network implementations. In line with this, RAN2 should continue their work based on the “RG based” mode as a starting point and to discuss the need for ramping.”
Therefore, in this contribution, we address the need for autonomous ramping.
2 Motivations for common rate control
Common rate control has the following benefits.
1. DL overhead reduction

· Transmission frequency of grants in the DL is reduced when a single common grant addresses a group of UEs compared to the case where a single grant addresses a single UE.

· It has been shown that there is almost no degradation in system throughput due to the use of common grants [2].
2. Simple RoT allocation and control
· The scheduler only needs to compare the received RoT level with the RoT target and adjust the common grant value accordingly (i.e. decrement the common grant value if received RoT level > target, and incement the common grant value otherwise), and the scheduler doesn’t need to keep account of the power and buffer statuses of each UE.
· With dedicated rate control, the scheduler keep account of each UE’s power and buffer statuses, and must estimate what the resultant RoT will be before assigning dedicated grants.
3. Rate request free transmission

· With common grants, UEs can immediately start UL transmission when data arrives since they receive common grants beforehand. This is especially beneficial for the transmission of small packets such as gaming traffic and TCP acknowledgement.
· Also, UL overhead is reduced since rate requests are not needed.
From the above points, common rate control should be supported by the E-DCH scheduler.

3
Means to implement common rate control
So far, including comments online and offline, we have heard 3 methods of implementing common rate control
3.1 By common AG and autonomous ramping
In this method, UEs start transmission immediately when data arrives with an initial power offset. This initial power offset is signaled via L3. Then, all UEs ramp up their power offset to the value signalled in the common AG. This method was accepted during RAN2#45 and the autonomous ramp up behaviour at the UE was captured in the Stage 2 as the “non-RG based” mode as shown below [3].

If no E-RGCH physical channels are allocated for the cells of the Serving E-DCH RLS, the UE shall follow the “Non RG” based mode of operation and handle the grant from the Serving E-DCH RLS as follow:

-
The UE maintains a “Serving Grant” (SG);

-
The SG is used in the E-TFC selection algorithm as the maximum allowed rate;

-
The UE sets the “MAX Serving Grant” (MAX SG) to the last received “Absolute Grant” (AG);

- 
If the UE has data to transmit and the SG is below the MAX SG, the SG is increased over time by configurable steps (autonomous ramp-up) until SG is equal to MAX SG;

-
If the SG is above the MAX SG (due to reception of a new AG lowering the MAX SG), then the SG is immediately set equal to MAX SG;

-
If the UE transmitted at a given rate below the current SG for more than n TTIs (where n is a configurable parameter that can be set to an infinite value), then the SG is set equal to this given rate. This in effect forces the UE to use autonomous ramp-up after some continuous activity below SG.

As in the description above, it was also captured in the Stage 2 to have configurable ramping steps. It was felt necessary to have configurable ramping steps to allow for different ramping speeds for traffic with different QoS (e.g. ramping speed should be faster for delay sensitive services).

A detailed description of common rate control by common AG and autonomous ramping is provided in [4]. There, we have proposed to use AGs as a common grant since we saw problems in terms of fairness with the use of common RGs [3]. Specifically, with a constant RG step size, UEs who start transmitting earlier will always enjoy higher UL resources compared to UEs who start transmitting later. On the other hand, with a common AG, the Node B will have to prepare hardware resources capable of receiving data at the power offset (data rate) indicated in the common AG for each and every serving UEs, regardless of whether an UE has data to transmit or not. This results in an inefficient Node B hardware usage, and conservative common AG values. Therefore, we proposed the use of autonomous ramping, which allows efficient Node B hardware allocation and an efficient deployment of common rate control.
3.2 By dedicated RG

In this method, it is proposed to realize the ramp up behaviour using dedicated RGs. The UE starts transmission with a low power offset, and the Node B transmits UP commands on the dedicated RGs until the UE reaches the power offset common to all serving UEs. This common power offset value is not signalled in a common AG, but instead kept internally at the Node B. With this approach, the UE behaviour of the “non-RG” based mode can be realized.
3.3 By common RG with used rate dependant step sizes
In this method, it is proposed to realize the ramp up behaviour using common RGs. The Node B transmits a DOWN command on the common RG if the received RoT level is greater than the RoT target, and transmits an UP command otherwise. With this approach, the idea is to configure the UP step size to be large when the used rate is low and small when the used rate is high, and conversely to configure the DOWN step size to be large when the used rate is high and small when the used rate is low. When the received RoT level operates near the RoT target, the common RG will be a mix of UPs and DOWNs, and with such configured UP/DOWN step sizes, it is argued that the all UEs will converge to the same grant level and the problem of fairness will be solved.
3.4 Discussion

Out of the three methods described above, common rate control by common AG and autonomous ramping allows the most direct and simple operation using common rate control. However, UE vendors raised the issue of UE complexity in supporting two modes, i.e. the “RG based” and “non-RG based” modes. On the other hand, the other two methods allows for an operation using common rate control with only the “RG based” mode.
However, as for common rate control by common RG with used rate dependant step sizes, it is unclear how the UP/DOWN step sizes should be configured. Also, as this method is an indirect method and as no concrete proposals have been presented, it is unclear as to whether stability and efficiency can be achieved in a system using this approach. Therefore, we prefer not to implement common rate control by common RG with used rate dependant step sizes.
As for common rate control by dedicated RG, similar behaviour as with the “non-RG based” mode can be realized with the “RG based” mode. From the viewpoint of UL operation, we think that this approach is acceptable. The remaining concern is the DL overhead caused by dedicated RGs. We think that this overhead will become quite large in case of the 2ms TTI.
4
Proposed solution
4.1 Alternative 1

From the above discussion, we see common rate control by common AG and autonomous ramping to be the best solution in terms of operation. However, in doing so, we need to be careful not to incur too much complexity to the UE in addition to the support of the “RG based” mode. Our suggestion would be the following.

1. Include the autonomous ramping function to the current “RG based” mode description

· UE ramps up its rate to SG, not MAXSG

· Whether the UE applies autonomous ramping or not depends on whether the E-RGCH is configured on the serving RLS. This eases testing complexity since the combined UE behaviour to serving RGs and autonomous ramping will not have to be considered.

2. Do not define any common rate control specific behaviour regarding the non-serving RLS grants
· When the UE receives a “DOWN”, new SG = Last used power ratio – Delta

· If hysteresis is defined, define only one operation.
3. Do not include the hold timer as in the description of “non-RG based” mode in the Stage 2
We see such addition of UE behaviour will cause minimum increase in the UE implementation and testing complexities.

4.2 Alternative 2

We believe that Alternative 1 is the best way forward to accommodate common rate control as we do not see a major impact by employing ramping to RG mode from UE complexity point of view. But if Alternative 1 is thought to incur too much complexity, then common rate control should be deployed through the dedicated RG method, although the DL overhead due to dedicated RGs can be large in the case of the 2ms TTI. In this case, it is important to cover the following two functionalities that the “non-RG based” mode allowed.
1. Allow rate request free transmission

· As was the case for the “non-RG based” mode, L3 signaling should be provided to grant an initial power offset with which the UE can perform a rate request free transmission.

2. Allow for configurable step sizes in response to RGs

· As was the case for the “non-RG based” mode, the ramping step size should be configurable to allow different ramping speeds for services with different QoS.
5
Conclusion
In this contribution, we addressed the need for autonomous ramping as RAN2 was tasked to do so by RAN, and the main points are summarized as follows.

· Common rate control should be supported by the E-DCH scheduler.
· Autonomous ramping should be included in the current “RG based” mode behaviour as in Alternative 1 described in section 4.1, which is thought to incur minimum complexitites to the UE.
· We believe that Alternative 1 is the best way forward to accommodate common rate control as we do not see a major impact by employing ramping to RG mode from UE complexity point of view. But if the solution in Alternative 1 is thought to incur too much complexity to the UE, the ramping procedure should be realized through dedicated RGs (despite it’s overhead) but the nature of the “non-RG based” mode which allows rate request free transmission and configurable step sizes should be covered as described in section 4.2.
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