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1
Introduction
During the RAN#58 meeting the new Study Item on Further enhancements to Enhanced Uplink [1] has been approved [2]. The Study Item proposal contains a list of identified areas on which the studies should focus. This contribution aims at describing the basics of technology addressing the 2nd point in [1]:

Rate Adaptation to support improved power and rate control for high rates 
The HSUPA scheduling procedure will be outlined, stressing the disadvantages it brings in certain conditions. The way to overcome the obstacles will be described.
2
Scheduling procedure in HSUPA
The existing scheduling approach for HSUPA system includes a joint procedure for power control and E-TFC selection. The E-TFC is uniquely defined by the serving grant level that makes an assumption of the post-receiver SINR being proportional to the transmit power level. While this assumption is valid for no (or negligible) self-interference, as soon as the post-receiver SINR becomes influenced by inter-symbol (and inter-stream for CL-BFTD and MIMO) interference, the above assumption breaks and leads to inefficiency of the system operation. 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.

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 and initial link-level simulation results have been already presented in 3GPP [3],[4],[5], getting some positive feedback.

In the remainder the legacy (“power-based”) and the SINR-based scheduling principles are outlined.

2.1 Power-Based Scheduling
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, 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. 
2.2 SINR-Based Scheduling 

In order to escape from performance limitations of the power-based scheduling considered above, we propose to introduce SINR-based scheduling, such that we are able to decouple the power control and E-TFC selection procedures. To implement these principles, the operation of the SINR-based scheduling and the associated modified power control procedures for the SIMO and CLTD modes are 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. 

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.
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 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 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 . 
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. 

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 1.
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Figure 1. SINR-based scheduling using SG and SD parameters for the SIMO and CLTD transmission modes

The generalization of the SINR-based scheduling for the MIMO case is as follows. A very similar approach is already selected for the secondary stream for rank-2 HSUPA MIMO transmission (where the transmit power for the S-E-DPDCHs is set equal to the power of the E-DPDCHs, and the E-TFC is selected based on the combination of the SG and SD2). SINR-based scheduling for both spatial streams is introduced by adopting the SD1 parameter for the primary stream as discussed above.

An illustration of the transmit power levels for the primary and secondary streams of a rank-2 UL MIMO transmission and the grant levels passed to the E-TFC selection function for the SINR-based scheduling method is given in Figure 2.
[image: image2.png]cds-e/ 98
uonos|es 941-3 03

fd —— pessed|oas|juelf
S g; eas

S mmll‘|'
B

e

Las—e/ o8
uono9les 941-30)
1as passed [aAs]juelb

HOAda-3-S pue HOAdd-3
1012/9S (ueih Bunies Jo jley)
|9As| 19 mod X | [enjoe




Figure 2. SINR-based scheduling by SD1 and SD2 parameters in the case of a rank-2 UL MIMO transmission

3
Conclusion
In this document the motivation for changing the scheduling procedure in HSUPA has been given as well as the description of the legacy (“power-based”) and SINR-based scheduling. It has been mentioned that the existing scheduling principles may lead to system underperformance in self-interference limited cases. The technique is considered as significant improvement to the HSUPA operation, addressing the objective 2 from [1], proved by very good results presented in [7].
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