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1. Introduction

In RAN4#51bis, the topic of inner loop power control (ILPC) core requirements for DC-HSUPA when the carrier powers are imbalanced was discussed in [1]-[3]. Simulation assumuptions for evaluating system impact of ILPC in DC-HSUPA were proposed in [4], whose revised version was sent on RAN4 reflector [5]. 
In this paper we present the system simulation results, which are primarily based on the revised version of the assumptions in [5] with some minor modificatons. 
2. System Model
The evaluation is done using dynamic simulations in a multi-cellular environment. The details of different proposed models and parameters are given below:
2.1. Simulated Cases and Inaccuracy Models
The following cases in terms of power control step size accuracy are simulated to study the system impact. The simulations are carried out for 1 dB power control step size (see table 3). 

Reference Case:
The reference case is called:

· Model # 0

For model # 0 the inaccuracy = ( 0.5 dB (uniform distribution) for every 1 dB power step over entire power control dynamic range regardless of the power difference on the 2 carriers:
· ( 0.5 dB of inaccuracy is according to current single carrier requirements in TS 25.101.

Inaccuracy Models for DC HSUPA:
Two different models are proposed for doing system evaluations:

· Model # 1
· Model # 2
The inaccuracy is uniformly distributed between the specified tolerance ranges. The model # 1 and model # 2 are defined in table # 1 and table 2 respectively. The increased inaccuracy will be applied to both carriers.  

Table 1: Inner loop power control inaccuracy model # 1
	TPC power step tolerance on each individual carrier
	Power difference between the carriers

	
	Power step = 1  dB (Note 1)
	

	Single Carrier
	± 0.5 dB
	N/A

	Dual carrier
	± 0.6 dB
	P(Carrier 1) ( P(Carrier 2) - 5dB



	Dual carrier
	± 0.6 dB
	P(Carrier 2) - 5 ( P(Carrier 1) ( P(Carrier 2) - 10dB




	Dual carrier
	± 0.8 dB
	P(Carrier 2) - 10 ( P(Carrier 1) ( P(Carrier 2) – 15 dB

	Note 1: Given that TPC_cmd_1 represents the TPC command for carrier 1 and TPC_cmd_2 represents the TPC_command for carrier 2, the requirement is valid for any combination of TPC_cmd_1 and TPC_cmd_2, i.e any combination of (TPC_cmd_1, TPC_cmd_2) from the set defined as [(+1,+1); (+1, 0); (+1, -1); (0, +1); (0, 0); (0, -1); (-1, +1); (-1, 0); (-1, -1)].


Table 2: Inner loop power control inaccuracy model # 2
	TPC power step tolerance on each individual carrier
	Power difference between the carriers

	
	Power step = 1  dB (Note 1)
	

	Single Carrier
	± 0.5 dB
	N/A

	Dual carrier
	± 0.8 dB
	P(Carrier 1) ( P(Carrier 2) - 5dB



	Dual carrier
	± 0.8 dB
	P(Carrier 2) - 5 ( P(Carrier 1) ( P(Carrier 2) - 10dB




	Dual carrier
	± 1 dB
	P(Carrier 2) - 10 ( P(Carrier 1) ( P(Carrier 2) – 15 dB

	Note 1: Given that TPC_cmd_1 represents the TPC command for carrier 1 and TPC_cmd_2 represents the TPC_command for carrier 2, the requirement is valid for any combination of TPC_cmd_1 and TPC_cmd_2, i.e any combination of (TPC_cmd_1, TPC_cmd_2) from the set defined as [(+1,+1); (+1, 0); (+1, -1); (0, +1); (0, 0); (0, -1); (-1, +1); (-1, 0); (-1, -1)].


2.2. Scheduling Model, E-TFC selection and max power scaling
On the average there are two users per sector. The target RoT per carrier (5 dB or 10 dB) is adjusted by issuing an appropriate grant. The users are scheduled on both primary and secondary carriers.  
The scheduling is done according to the proposed model in [5]. Hence an independent scheduler is used. This scheduler generates grant on each carrier indendently, based on the UE reported headroom and the loading conditions. The scheduler can be updated at most once every 10 ms. The scheduler assumes the UE can transmit up to half of its maximum transmit power on each carrier. The grant on each carrier is limited by the per-carrier UE maximum transmit power and the loading on that carrier. 

The E-TFC selection is based on the parallel approach also proposed in [5], which fills the grants on both carriers according to the same proportion. More specifically the parallel E-TFC approach applies when E-TFC is limited by either UE transmitted power or UE buffer. The max power scaling as also proposed in [5] is according to the RAN1 working assumption, which is the sequential scaling based on the DPCCH power. 
2.3. Simulation Parameters
The simulation parameters are listed in table 3 below.

Table 3: Simulation parameters used in system simulation
	Parameter
	Value

	Network model
	7 sites (3 sectors); 3 sectors per site with wrap around. 

	Site-to-site distance
	500 meters

	Channel model
	PA3; UE speed = 3 km/hr

	Service
	Full buffer

	BS receiver type
	2 way receiver diversity

	TPC command error rate
	Based on UL quanity

	TPC step size
	1 dB

	TPC delay
	2 slots

	Carrier Frequency
	2.0 GHz (band I)

	UE maximum output power
	21 dBm

	UE category
	Category 6, 2 ms TTI

	Shadow fading standard deviation
	8 dB

	BLER target
	1%  after the first HARQ transmissions

	Maximum HARQ transmissions
	4

	EUL active set size per carrier
	3

	Power control step inaccuracy modeling
	Uniform distribution of error

	Average RoT target; 2 simulated cases
	5 dB per carrier; 10 dB per carrier

	Average traffic load
	2 users per sector


3. Simulation Results
The simulation results are expressed in terms: 

· Average uplink throughput per sector
· Power difference between UL carriers
· CDF based on slot level samples 
3.1. Average uplink throughput per sector
Tables 4 shows average sector throughput (aggregated over primary and secondary carriers) for ILPC models # 0 (reference case), ILPC model # 1 and ILPC model # 2, for RoT per carrier = 5 dB and 10 dB. 
Table 5 shows that model # 2 causes approximately 7-8 % throughput loss compared to the reference case (model # 0). However performance loss of model # 1 compared to the reference case is in the order of 2-4%.  Hence model # 1 is preferred from the system perspective.    

Table 4: Average sector throughput for different ILPC models
	Average target RoT per carrier [dB]
	Average sector throughput [Mbps]

	
	ILPC Model # 0
(reference case)
	ILPC Model # 1
	ILPC Model # 2

	5
	1.22
	1.17
	1.12

	10
	1.99
	1.95
	1.85


Table 5: Average sector throughput loss for models #1 and # 2 compared to Model # 0
	Average target RoT per carrier [dB]
	Sector throughput loss compared to model #0 [%]

	
	ILPC Model # 1
	ILPC Model # 2

	5
	4.2
	8.2

	10
	2.2
	7.1


3.2. UE transmit power difference
Figures 1 and 2 show the distribution (i.e. CDF of UE Tx power imbalance) of the total UE transmit power difference between the two carriers for the target RoT = 5 dB and 10 dB respectively. The power difference statistics are based on slot level samples. The following observations can be made:  
· The statistics of the total UE transmit power imbalance between the carriers is almost the same regardless of the ILPC inaccuracy models and the target RoT per carrier.

· Around 77% probability that the total UE transmit power difference between the carriers is below 10 dB

· Around 11% probability that the power difference lies between 10 dB and 15 dB
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Figure 1: UE transmit power difference CDF for average RoT = 5 dB per carrier
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Figure 2: UE transmit power difference CDF for average RoT = 10 dB per carrier
4. Summary
In this paper we have shown system simulation results to evaluate the impact of the proposed inner loop power control accuracy requirements on the system capacity in DC HSUPA. Based on the system results, we observe that the ILPC model # 1, which leads to lower performance degradation compared to model # 2, is more feasible for DC HSUPA. The proposed ILPC requirements for DC HSUPA are proposed in [6].
References

[1] R4-092274, “Power Control Requirements for DC-HSUPA”, Qualcomm Europe 

[2] R4-092393, “Inner loop power control accuracy requirements for DC-HSUPA”, Ericsson, ST-Ericsson

[3] R4-092471,  “Simulation Assumptions for Evaluating System Impact of Power Control Step Size Accuracy in DC HSUPA”, Ericsson, ST-Ericsson

[4] R4-092576, “Summary of DC-HSUPA + DB-DC-HSDPA Ad Hoc”, Nokia Siemens Networks
[5] RAN4 Reflector, July 8, 2009, “Simulation Assumptions for Evaluating System Impact of Power Control Step Size Accuracy in DC HSUPA”, Qualcomm Europe
[6] R4-093047, “ILPC Requirements for DC HSUPA”, Ericsson, ST-Ericsson
