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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.

In RAN1#72bis meeting two different schemes for applying rate adaptation was presented [2] [3] and alternative rate adaptation schemes were also discussed. It was in the meeting concluded that further proposals on details and analysis can be discussed in the RAN1#73.
In this document we further elaborate on the rate adaptation scheme presented in [2] and soft handover operation with rate adaptation schemes.
2 Discussion
The operation of the inner and outer power control loops in current standard is illustrated in Figure 1. The ILPC is based on TPC commands that are transmitted from the NodeB to the UE each slot, ordering the UE to increase or decrease the power of the DPCCH channel. The purpose is to control the DPCCH SINR target and achieve a certain BLER on the E-DPDCH. The powers of the other channels are defined in relation to DPCCH, so this command serves normally to increase the total transmit power of the UE. The BLER control is done by OLPC as also illustrated in Figure 1, where the OLPC algorithm changes the SIR target. 
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Figure 1. Inner and outer loop power control in baseline.

The UE bitrate is controlled by sending an Absolute Grant (AG) to the UE at most once per TTI. The AG value provides the UE with an allowed power offset on the E-DPDCH channel relative to the DPCCH power. In addition, the granted value, together with other signalled parameters, determines the maximum bit rate the UE may use. 

One solution for avoiding power rushes that can be experienced with the above mentioned power control mechanism, as explained in [2],  is to change the power control algorithms striving for a certain DPCCH SINR level to instead aim at keeping a constant total received power level at the NodeB. Additionally if such a solution would adapt to the channel conditions to maintain desired DPCCH SINR and data BLER levels it would be possible to achieve higher data-rates within the allowed power budget. A low DPCCH SINR can result in performance degradation due to potential problems with keeping required quality levels on the control channels. A high DPCCH SINR can result in inefficient utilization of the power budget and excessive uplink interference. To keep a desirable BLER level a mechanism is needed for decoupling the rate from transmitted power.

A proposed solution based on the discussion above was presented in [2] and is illustrated below in Figure 2. 
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Figure 2. Power/rate control loops for the proposed rate adaptation scheme.
To achieve rate adaptation with constant received power, data BLER control and DPCCH SINR control the following measures, incorporating 3 control loops, can be taken:

•
Keep the existing DPCCH SINR-based power control loop.

•
Add a second loop controlling the total received power

•
Since the SINR for traffic data now will vary due to channel conditions (ISI) and it will be changes in the fraction of power allocated to overhead channels, a back-off value applied to the 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.

As shown in Figure 2, two fast power control loops are used. The first power control command is used for increasing/decreasing the DPCCH power. The second power control command is used for increasing/decreasing the total power.

Assume that the UE has received commands to change the DPCCH power with a factor Pc and that the total power shall change with a factor Ps. Assuming at slot “t” we have the squared beta factors c, ec, ed(t), corresponding to the relative power of DPCCH, E-DPCCH and E-DPDCH respectively. One way to model the effect of the power commands is according to

PcP(t)(c+ ec+ ed(t+1)) =PsP(t)(c+ ec+ ed(t))   
(1)

Assume now without loss of generality that c =1, and hence that P(t) in (1) can be viewed as the power used by DPCCH. Furthermore denote sum=(c+ ec+ ed(t))

ed(t+1) =sumPs(t)/Pc - - ec 
(2) 

The equations can be extended to also capture E-DPCCH boosting and additional channels as HS-DPCCH.
The rate offset (SD) calculation shown in Figure 2 can be done by the Node B, based on BLER statistics. If BLER is higher than the desired target then the offset is lowered, otherwise it is increased. The UE then lowers/increases the rate but maintains the relative power of data versus control channels.  

The feedback rate for the control loops can be configured separately. The first loop controlling the DPCCH SINR target can for example be updated in a slot based fashion according to legacy procedures. The second loop which controls the total received power can be operated either on a TTI or slot based update rate. A higher update rate will ensure keeping a more stable RoT limit, while less frequent update rate for example reduce the potential signalling involved in this loop. The third loop controlling the rate is updated each TTI.
2.1 Soft Handover
The rate adaptation schemes do not work optimally in soft handover if rate offset calculation is done in the serving NodeB. The decoding performance in non-serving cell is then not taken into account in the rate adaptation. It may be the case that the non-serving cell can decode the UE transmissions much better than the serving cell, but the serving cell, without this knowledge, instead reduces the rate, hence reducing the gain of soft handover. Therefore it could be an alternative to utilize the existing procedure for OLPC, based on HARQ re-transmission statistics, to place the rate offset calculator in the RNC, at least when the UE is in soft handover. 
3 Conclusion
In this document we have discussed further details on the rate adaptation scheme presented in [2] and soft handover operation with rate adaptation schemes. It is proposed that the described rate adaptation scheme is captured in the studies of Further EUL Enhancements.
The proposed rate adaptation scheme shall be considered in the study of rate adaptation in Further EUL Enhancements.Proposal 1
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