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5.x 
Rate adaptation
5.X.1
Background and motivation
In the current system we observe post receiver SINR saturation in the high SINR region due to inter-symbol and inter-stream interference. This causes inefficiency and instability which can be counter with Rate adaptation. Additional parameters (i.e. SD parameter) present in the proposed solutions takes into account post receiver SINR and Rx power disproportionality to adjust the TBS, enabling more stable operation. 
As HSUPA system development is planned in the next versions of the 3GPP specifications (Release 12 and beyond), introduction of a mechanism for independent power control and scheduling is seen as one of natural approaches to boost the system performance. The main ideas of the concept, initial link-level and system level simulation results have already been presented in 3GPP [4],[5],[6],[7],[8],[9],[10],[11].
5.X.2       Analysis

The power-based scheduling method is referred to the traditional HSUPA scheduling and E-TFC selection mechanism. For that approach the serving grant SG simultaneously defines the transmission power level and the E-TFC. The SG value is selected relative to the current DPCCH power level based on the available RoT budget. The proportionality of the E-DPDCH post-receiver SINR to the transmit power level is assumed by the method, where deviations are compensated by the outer loop power control (OLPC) with increasing or decreasing the DPCCH SIR target for the internal loop power control (ILPC) tracking.

As demonstrated by multiple studies [6], [7], [8], [9], [11] the power-based scheduling becomes inefficient when the post-receiver noise is dominated by the inter-symbol or inter-stream (in case of CLTD and MIMO transmission) interference but not the thermal noise.
It should also be mentioned that the WCDMA/HSUPA power control and scheduling are different from the corresponding procedures in other cellular systems (like LTE, WiMAX and even HSDPA), where power control and scheduling are done independently allowing for more flexibility and system efficiency.
5.X.3       Solutions

Editor’s Note: A detailed description of each solution/enhancement should be captured here. If needed, each solution may be evaluated separately, using the following layout.
5.X.3.1            Description of novel Rate adaptation mechanisms
In power-based scheduling mode the purpose of OLPC is to compensate the deviations from the proportionality of SINR increase to TX power increase and to ensure the necessary BLER performance. For the latter, in SINR-based scheduling mode, the marginal control loop is introduced in the node B to adjust the SD parameter based on outcomes of the previous transmissions (similar principle to the legacy OLPC operation) prior to signaling the parameter to the UE. The inner and outer loop power control in current implementation is depicted on Figure 1 below:
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Figure 1. Inner and outer loop power control in power based approach. 
By introducing SINR based scheduling method we would like to decouple the power control and E-TFC selection procedure and by that changing current power based scheduling approach.

In order to implement these principles, the operation of the SINR-based scheduling and the associated modified power control procedures for the SIMO and CLTD modes is defined as follows:

The serving grant SG and SINR difference SD parameters are calculated and signaled by the NodeB to the UE for each TTI. The SG parameter defines the E-DPDCH power relative to the DPCCH as for the legacy power-based approach. An illustration of the transmit power level and the SG and SD parameters for the SINR-based scheduling of a SIMO or CLTD transmission is given in Figure 2.
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Figure 2. SINR-based scheduling using SG and SD parameters for the SIMO and CLTD transmission modes
E-TFC selection is done using the legacy procedure, but the SD parameter is applied to decrease the SG grant prior to passing it to the E-TFC. However, the actual transmit power is not affected by SD. The SD is selected so that the combination of the SG and SD allows the UE to estimate the post-receiver SINR level at the NodeB and select the E-TFC that would provide the maximum throughput at the required BLER performance. The mechanism considering 2-loop scheme is illustrated on the Figure 3 below:
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Figure 3. 2 loop scheme with rate and power loops 
Compared to the power-based scheduling, the ILPC is affected by two changes:

· The subject of tracking is not the DPCCH SIR (Signal-to-Interference ratio) [6], but the DPCCH (or the total) received power. This change is motivated by the fact that the proportionality of SINR and TX power increase is no longer assumed. The power of all other physical channels relative to the DPCCH is fully defined by the SG parameter and is set the same as for the legacy operation.
· The power up/down threshold is no longer the SIR value set by OLPC (which is therefore disabled in SINR-based scheduling mode), but by the allowed RX Ec/N0 budget. 
Rate adaptation can also be enhanced by a modified 2-loop solution (illustrated in the Figure 4 below) with minor changes compared to legacy power-based scheduling as:

· The subject of tracking is not the DPCCH SIR (Signal-to-Interference ratio) [6], but the DPCCH (or the total) received power.

The modified 2-loop scheme could provide gains in terms of RoT stability by means of controlling DPCCH or the total received power, and E-TFC selection by means of signalling T2P dynamically (E-AGCH/E-RGCH) to meet the instantaneous channel conditions.
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Figure 4. A modified 2 loop scheme with modified ILPC and OLPC
It has been proposed that an alternative rate adaptation scheme with 3 loops could provide additional gains in system performance by the means of having independent control over the SIR on the control channels. 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 5, 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)

Where P(t) in Equation 1 can be viewed as the power used by DPCCH at time t.

If c =1 and we denote sum=(c+ ec+ ed(t)) Equation 1 can be written as
ed(t+1) =sumPs/Pc - - ec 
(2) 

Equation 2 then describes how ed values are dynamically updated to take the two power control loop commands into consideration. This is also illustrated in Figure 5.
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Figure 5. Power relations in the 3-loop scheme.
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 6 can be done by the Node B, based on BLER statistics or SINR measurements. For the BLER controlled rate offset calculation, 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.
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Figure 6. 3 loop scheme with rate, power and SIR loops.

DL signalling requirements of different methods in case of single stream UL transmission are listed below:

1. Power-based scheduling:

· TPC commands to control UL DPCCH Tx power (controlled by DPCCH SIR and impacting total Ec/No)

· Serving grant to control the data/DPCCH power ratio

2. 2-loop Rate adaptation:

· TPC commands to control UL DPCCH Tx power (controlled by Ec/No)

· Serving grant to control the data/DPCCH power ratio 

· SD offset for E-TFC selection in the UE
3. 3-loop Rate adaptation:

· TPC commands to control UL DPCCH Tx power. Controlled by DPCCH SIR (e.g. a fixed value or a rate dependent value). ILPC#1 in Figure 5.

· Power control commands to control total Tx power. Controlled by the Ec/N0 target level. ILPC#2 in Figure 5.
· Serving grant to control the data/DPCCH power ratio 

· SD offset for E-TFC selection in the UE
4. Modified 2-loop Rate adaptation:

· TPC commands to control UL DPCCH Tx power (controlled by Ec/No)

· Serving grant to control the data/DPCCH power ratio 

5.X.3.2            Evaluation of solution x

5.X.4       Conclusions
The Rate adaptation technique is considered as significant improvement to the HSUPA operation.
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