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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance. One of the objectives is to study is rate adaptation. The primary responsible WG for the study item is RAN2 and the first meeting where the study item was discussed was RAN2#81. There, it was decided that studies on rate adaptation, which mainly has layer 1 impact, shall be done in RAN1. An LS was sent from RAN2 to RAN1 asking RAN WG1 to perform the needed studies on “Rate Adaptation to support improved power and rate control for high rates” among other topics [2].

In this document the motivations behind and the potential benefits of rate adaptation are discussed. A scheme for achieving rate adaptation with constant received power, BLER control and DPCCH SINR control is proposed. 
2 Discussion
2.1 Background

In the LS [2] sent from RAN2 to RAN1 it is mentioned that rate adaptation studies are intended for investigating improved uplink power and rate control at high rates. The improved power and rate control mechanisms are expected to enable improved link efficiency and system level stability when users in the system are transmitting at high rates. Users transmitting with high rates are often required to transmit with high power to achieve the required received SINR at the NodeB. As the transmit power from a user increases, self-interference can become an increasing proportion of measured SINR for that user at the NodeB. The increased proportion of self-interference has the implication of breaking the close to linear relation between the total received power and received SINR at the NodeB. This is illustrated in Figure 1. 
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Figure 1. Measured SINR as a function of total received power, with and without considering self-interference.

The region 0 to A in total received power (S) corresponds to the part of the SINR curve where the relation between received power and SINR is fairly proportional. When the received power goes beyond point A the self-interference becomes severe and increased received power will have little impact on the SINR.

In a legacy system the ILPC adjusts the UE transmit power to meet a certain SINR target signaled by RNC. As the throughput and system load increases, the RNC may adjust the SINR target to meet a predefined HARQ re-transmission rate. The greater the fluctuation in SINR and SINR target the greater the fluctuations in cell load. Due to the relationship between ROT and load, at high cell load, a small change load can cause a large change in RoT see Figure 2.
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Figure 2. Cell load vs RoT.

Solutions aiming at keeping a constant received power level per UE at the NodeB, while additionally adapting to the channel conditions to get good enough DPCCH SINR should allow the achievement of as high rates as possible (at the wanted BLER target) within the allowed power budget.
Too low DPCCH SINR can result in performance degradation due to potential problems with keeping required quality levels on the control channels, while too high DPCCH SINR can result in inefficient utilization of the power budget, especially for partly inactive UEs, and thus excessive uplink interference. 
The system level gains of rate adaptation schemes to meet the above needs, are expected to be larger in scenarios with a mix of high and low data rate users. In these scenarios the rate adaptation algorithms enable high data rate UEs to operate at more stable power levels. The predictability in power while serving high data rate users can in turn be utilized in allowing more users into the system and increase system capacity.

A proposed solution based on the discussion above is presented in the next sub-chapter and the solution is also compared to a similar scheme presented in [3].
2.2 Rate adaptation
In the current 3GPP standard, the UE is granted a grant which is a fixed power ratio of E-DPDCH to DPCCH, and this has a one to one mapping with the granted E-TFCI (rate). In essence, the rate and power ratios are coupled together. The legacy ILPC is based on keeping a desired DPCCH SINR level. The DPCCH SINR target is for example, based on the HARQ BLER statistics of previous transmissions. When high data transmissions are scheduled there is as previously mentioned a risk that self-interference becomes severe and DPCCH power is constantly increased attempting to increase the received SINR. When transmitting at high rates, large E-DPDCH to DPCCH power ratios are required, resulting in highly increased UE transmit power levels when the ILPC increase the DPCCH power, for example when severe self-interference is experienced.. The higher the rate is, and thereby also the Bed, the higher the fluctuations will be. This is illustrated in Figure 3.
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Figure 3 – Baseline scheme, transmission rate is coupled to data power offset.
A rate adaptation scheme can enable stable operation while keeping control over the total received power from a UE at the NodeB by decoupling the power budget given to the UE from the actual selected E-TFCI (rate) for that UE. If there is a growing difference between the received SINR and the received power, e.g. due to increased ISI, then the NodeB can send some information to the UE to notify it. The conveyed information can then be used by the UE for adjusting the selected E-TFCI (rate) to the channel conditions while keeping the allowed power budget. This type of scheme allows control over received power while data BLER level is also kept stable. Depending on the scheme DPCCH SIR can be controlled independently of chosen rate.
To achieve rate adaptation with constant received power control, HARQ BLER control, and DPCCH SINR control the following measures can be taken:

· Keep the existing DPCCH SINR-based power control loop.
· Add a second power control loop controlling the total received power.
· Since the SINR for traffic data varies due to channel conditions, and the fraction of total power allocated to overhead channels changes, a back-off value applied to the initial granted rate can be used for controlling the transmission rate and keeping a desirable HARQ retransmission rate. This value can be signalled from NodeB to UE through a third control loop, ie a rate adaptation loop. 
This is just one way of realizing rate adaptation and other solutions and variations in details are possible. One approach for rate adaptation, similar to the scheme described above, was proposed in [3]. The ILPC (first loop) in that rate adaptation scheme is used for keeping the received power in the NodeB at a fixed target. Then to enable rate control, by decoupling the data power offset from transmission data-rate, a new secondary loop is introduced. This loop signals an offset parameter (SD) to the granted power (SG) and a virtual grant is calculated (SG-SD), which is used for E-TFCI selection. The SD parameter can for example be adjusted for keeping a certain BLER level constant. The main difference between the scheme in [3] and the scheme described in this paper is that the 2-loop scheme in [3] has no control over the DPCCH SIR level, while the scheme described in this paper has an additional loop for securing the DPCCH SIR (control channel quality). It would be beneficial to study the benefits and drawbacks of the different schemes.
Proposal 1
Discuss possible schemes to achieve rate adaption and the benefits and drawbacks of different schemes.

For a complete evaluation of the merits of different rate control algorithms both link and system level simulations are needed. Some initial simulation assumptions are given in [4].
3 Conclusion
In this document we have discussed the motivations behind and the potential benefits of rate adaptation schemes. We have proposed a scheme for achieving rate adaptation with constant received power, BLER control and DPCCH SINR control. 
Discuss possible schemes to achieve rate adaption and the benefits and drawbacks of different schemes.Proposal 1
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