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1 Introduction
A new Rel-12 study item on Further EUL Enhancements was approved at the 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 proposed sub-features in the study item is rate adaptation. In this document we discuss the need for and the potential benefits of this kind of algorithms. We also highlight areas which need further investigations and elaborate on possible solutions.
2 Discussion

2.1 Design Objectives

WCDMA/EUL was originally designed for low to medium rate users. With the ever-increasing demand for mobile broadband, the use cases have changed. Today there is a mixture of low, medium and high rate users creating more intricate traffic and interference patterns. Typically different use cases may require very different settings. Given these new requirements/scenarios, some fundamental questions need to be addressed:
· How to make the system more predictable and stable

· How to enable efficient high-rates, i.e. facilitate effective operation at high SNRs

2.2 Study Objectives
One of the objectives in the study item description addressing the above mentioned questions is “Rate Adaptation to support improved power and rate control for high rates”. To gain a more complete understanding of the potential of this kind of algorithms it is important to ask:

· What are the problems in maintaining system predictability at high rates/high TX power?
· What alternative solutions are available and how exactly do they solve the identified problems, e.g. rate adaptation?
· For any proposed solution, how much of the problems can be solved using existing 3GPP tools?
· Are there minor standardization enhancements that can be beneficial? Or are large scale changes needed?
· What are the benefits, drawbacks of different proposals on both link and system level?
2.3 Background
Within the sub feature rate adaptation solutions for enabling improved link efficiency and system level stability at higher uplink throughput rates will be investigated. In higher throughput regions the UEs are required to transmit at high power to achieve the desired received SINR at the NodeB. At the highest rates the self-interference can become an increasing proportion of measured SINR at the NodeB. If self-interference becomes the major source of interference experienced by the NodeB, then increasing the power transmitted from the UE does not necessarily allow the received SINR at the NodeB to be increased. See Figure 1 where the impact of severe self-interference is illustrated.
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Figure 1. Illustration of SINR levels mapped to received power (S) at NodeB.
The region 0 to A in total received power (S) corresponds 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 increasing the received power will have less impact on increased SINR.
If the power control algorithm strives for increasing the UE transmit power to meet a certain SINR target this can result in power peaks. These fluctuating power levels can in turn cause system instability since the power peaks can affect UEs both in the same cell and in the neighbor cells. One way to mitigate this problem is to change the power control algorithms striving for a certain SINR level to instead keep a constant received power at the NodeB. One drawback with such a solution is that if the self-interference is severe the SINR levels are not predictable. This in turn results in for example difficulty to keep the desired BLER target levels and potential problems keeping required quality levels on control channels.
One solution to handle above mentioned problems has previously been touched upon during the Rel-11 work item (WI) on UL MIMO and 64QAM [2]. The solution was based on decoupling the E-TFCI from the grant, similar to the downlink, since in the current E-TFCI selection algorithms the serving grant has a one to one mapping with the granted E-TFCI. 
In addition to high self-interference, the UEs TX power may fluctuate significantly due to normal interference fluctuations and fading, with the resulting power peaks affecting other users. Various forms of adaptation of rate and/or power to reduce the power peaks and their consequences for system stability could be studied. 
For a complete evaluation of the merits of different rate control algorithms both link and system level simulations are needed. The system level gains are expected to be larger in scenarios with mixed high and low data rate users. The rate adaptation algorithms enable high data rate UEs to maintain more stable power levels. The predictability in power while serving high data rate users can then be utilized in granting more users into the system and increase in low data rate user capacity. Soft Handover impacts of chosen algorithms must also be considered.
For properly evaluating rate adaptation algorithms for HSUPA further investigation on different algorithms, details therein, link simulation results and system simulation results are needed in RAN1.

3 Conclusion

In this document we have discussed the need for and the potential benefits of rate adaptation algorithms. We also highlighted areas which need further investigations and elaborated on possible solutions. As observed in the discussions this sub feature mainly has an impact on RAN1. Therefore we propose the following:
Proposal 1
Discuss the merits of and possible solutions for rate adaptation. 

Proposal 2
Send a LS to RAN1 asking to perform further investigation/studies on rate adaptation. 
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