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1. Introduction

A new 3GPP work item (WI) on Further Enhanced Uplink (EUL) Enhancements was approved during the RAN#62. A list of WI objectives [1] includes enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios. One of the work areas defined within the objective indicated in the WI proposal [1] is improved granting. 
Potential solutions for improved scheduling and granting relative to the legacy operation (further referred as Option I) were deeply analyzed within the improved rate adaptation topic of the SI on Further EUL Enhancements [2]. As was indicated in this study, the most appropriate rate adaptation mode for high UE data rates consists in decoupling of the power control and rate adaptation procedures. An implementation-specific approach with no changes to the existing specifications to such decoupling was identified as driving the power control (ILPC) by the RX power condition and driving the rate adaptation procedure by the data reception reliability. This method (further referred to as Option II) can provide sufficient system performance gains compared to the traditional approach (Option I) where the ILPC is driven by the target DPCCH SIR and the data rate is driven by the available power budget. Both these methods (Options I and II) are considered in this contribution as baseline granting approaches.
This contribution proposes an improved granting solution (further referred to as Option III) based on the approach with power-driven ILPC and a modified procedure of E-DPDCH power setting performed at the UE side. This modification consists in fixing the actual E-DPDCH gain factors used for the physical channel power setting irrespectively on the E-TFC used for data transmission and is intended for stabilization of TX and RX powers variations for Option II. A more detailed description of the proposal and evaluation results by means of system level simulations are provided in the document below.
2. Description of Fixing E-DPDCH Gain Factors
Efficiency of the granting scheme with ILPC driven by the RX power (Option II) is limited by a tie of the E-TFC used for the data transmission and the power grant level (the rise of the E-DPDCH power over the DPCCH power). While the power control driven by the total RX power keeps the total power at the required level irrespectively on the E-TFC used, changes of the current E-TFC lead to adverse TX power variations. Consequently, some time is needed for ILPC to re-adjust the total power to the required level. Thus, the described solution does not provide a complete power control and rate adaptation decoupling and leads to additional power variations in the system.

The mentioned problem can be theoretically solved by configuring constant E-DPDCH gain factors of all E-TFCs used in the system. However, as the legacy grant mechanisms assume selection of an E-TFC at the UE side based on a received power grant command (in terms of the maximal allowed E-DPDCH gain factor), the gain factors cannot be configured exactly equal to each other. Otherwise, an E-TFC cannot be unambiguously defined after the grant reception. On the other hand, a minimal possible difference between two E-TFCs used by the system is limited by quantization of gain factors. In the existing specification, this minimal gain factor step from one E-TFC to another equals to 1 dB.
The solution proposed in this document consists in fixing the E-DPDCH gain factor for any non-zero serving grant by modifying a procedure of E-DPDCH power setting at the UE side. According to this approach, the absolute and relative grant commands are used only for E-TFC selection but do not impact the actual E-DPDCH gain factor. The solution keeps the same E-TFC selection procedure by using the signaled grant value as in the legacy standard with no modifications. But it is proposed to ignore the signaled grant (E-DPDCH gain factor) for the UE TX power settings. The pre-defined gain factor is to be signaled instead semi-statically via RNC signaling, HS-SCCH orders, or other applicable mechanism. An alternative approach would be to use the E-AGCH signaling for setting and adjusting the gain factor but modify the interpretation of E-RGCH grants so that they affect E-TFC selection but do not change the gain factor. That option would probably provide better gain factor and DPCCH SIR control at the cost of slightly less dynamic rate adaptation.  
The proposed idea solves the problem of adverse E-DPDCH TX power variations mentioned above.
3. Evaluation of Fixing E-DPDCH Gain Factors
The following scheduling options introduced above are evaluated in this document to analyze efficiency of the proposed solution:
· Option I: the traditional approach with ILPC driven by the DPCCH SIR and grants driven by the RX power budget;
· Option II: an approach with ILPC driven by the RX power budget and grants driven by E-DPDCH reception reliability. The E-DPDCH gain factors distribution is normal and is the same as for Option I;
· Option III: the proposed approach – similar to Option II, but with fixed E-DPDCH gain factors for all E-TFCs.
3.1. Simulation Assumptions
Evaluation of different granting options is performed by means of system level simulations (SLS) with the full buffer traffic model. Simulation assumptions used for evaluation are aligned with the list agreed in 3GPP for evaluation of solutions for enabling high user bitrates [2]. A summary of the assumptions and parameters is provided in Table 1.
Table 1. System level simulation assumptions and parameters
	Parameter
	Value

	Deployment scenario
	3GPP Macrocell

	Cell layout
	Wrap-around hexagonal grid, 

19 sites with 3 sectors per site 

	Inter-site distance [m]
	500

	Carrier frequency [GHz]
	2.0

	Channel model profile
	Ped A, Veh A

	Correlation between the antennas
	0

	User mobility model
	Doppler spectrum

	Users speed [km/h]
	3.0, 30.0

	User distribution
	Randomly and uniformly distributed over the area

	Traffic model
	Full buffer

	Transmission modes
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM

	T2TP [dB]
	10

	Channel estimation
	Ideal

	Pilot SIR estimation
	Ideal

	Node B receiver
	LMMSE with RX diversity

	Number of TX antennas
	1

	Number of RX antennas
	2

	Soft handover
	Disabled

	Softer handover
	Enabled

	Target BLER
	10% after the 1st transmission attempt

	H-ARQ approach
	Chase combining

	Target RoT [dB]
	6; 15

	E-DPDCH gain factors design
	Normal with the target DPCCH SIR of -16 dB for Options I and II;
Fixed gain factors providing the DPCCH Ec/No of ‑13 dB for the RoT of 6 dB and -4 dB for the RoT of 15 dB for Option III

	Scheduler
	TDM Round-robin

	Period of TDM scheduling [TTI]
	10


3.2. Simulation Results

3.2.1. Results for Ped A, 3 km/h Channel Model
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Figure 1. Average UE throughput versus average sector throughput for different granting options for 0.0175, 0.25, 1, 4 and 10 UEs per sector, the RoT of 6 dB and 15 dB, the Ped A, 3 km/h channel model
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Figure 2. Average UE throughput gains for granting Option III over Option II, the RoT of 6 dB and 15 dB, the Ped A, 3 km/h channel model
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Figure 4. CDF of RoT for 10 users per sector for different granting options, the RoT of 6 dB, the Ped A, 3 km/h channel model
[image: image4.emf]0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RoT, dB

CDF

Ped A, 3 km/h channel model; RoT of 15 dB; 10 users per sector

 

 

Option I

Option II

Option III


Figure 5. CDF of RoT for 10 users per sector for different granting options, the RoT of 15 dB, the Ped A, 3 km/h channel model
3.2.2. Results for Veh A, 30 km/h Channel Model
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Figure 6. Average UE throughput versus average sector throughput for different granting options for 0.0175, 0.25, 1, 4 and 10 UEs per sector, the RoT of 6 dB and 15 dB, the Veh A, 30 km/h channel model
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Figure 2. Average UE throughput gains for granting Option III over Option II, the RoT of 6 dB and 15 dB, the Veh A, 30 km/h channel model
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Figure 9. CDF of RoT for 10 users per sector for different granting options, the RoT of 6 dB, the Veh A, 30 km/h channel model
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Figure 10. CDF of RoT for 10 users per sector for different granting options, the RoT of 15 dB, the Veh A, 30 km/h channel model
3.3. Discussion
The provided simulation results demonstrate significant UE and sector throughput gains achieved in the proposed approach by fixing the gain factors (Option III compared to Option II). The gains are typically higher for higher UE densities and for higher target RoT values. In the Ped A, 3 km/h channel model, the gains reach up to 8% for the RoT of 6 dB and up to 16% for the RoT of 15 dB. In the Veh A, 30 km/h channel model, the gains are up to 6% for the RoT of 6 dB and up to 12% for the RoT of 15 dB.
The physical reason of the Option III gains is in avoidance of adverse TX and RX power variations occurring for Option II. As explained in Section 2, E-TFC selection in Option II causes TX power variations in accordance with the configured E-DPDCH gain factor table. These variations can be tracked by RX power-driven ILPC, however, due to ILPC inertia some time period is required for convergence of the power control. In non-stationary channels where E-TFCs are continually (or frequently) changed, this effect may lead to adverse power variations in the system decreasing accuracy of rate adaptation and the overall system performance.
The described gain mechanism is confirmed by the provided CDFs of RoT for 10 UEs per sector. As can be seen, Option III provides significantly more stable RoT control in comparison with other granting options.
4. Conclusion
As demonstrated in [2], the legacy system may effectively boost its throughput performance by decoupling the power control and E-TFC selection procedures while remaining within the limits of the existing specification (i.e. as an implementation specific feature). In response to the WI objective for improved granting, this contribution proposes a solution for the HSUPA system in the decoupled mode of operation. It is demonstrated by means of System Level Simulations (SLS) that the proposed modification allows boosting the system throughput performance by 8-16% with only very minor changes relative to the legacy operation.

References

[1] RP-132078, “New Work Item proposal: Further EUL enhancements”, Ericsson, RAN #62.
[2] 3GPP TR 25.700 “Study on Further Enhanced Uplink (EUL) enhancements”, v12.0.0.
