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1. Introduction

In the last meeting RAN4 initiated the work related to the WI on dual cell HSUPA [1]. An ad hoc session was held and a number of issues particularly related to HSUPA were identified for further studies and analysis [2]. 

One important aspect that needs to be considered when setting UE RF requirements is the difference in the transmitted power on the two carriers in HSUPA operation. In this paper we provide system simulation results on UL transmitted power difference for different uplink scheduling schemes and typical system scenarios [2]. 
2. System Model
Fully dynamic system simulations are done to evaluate the performance. The details are given below:

2.1. Traffic Model
A realistic traffic model is used; the model is characterized by:
· Dynamic file upload traffic; 1 file per user session
· Offered load  = 1.5 Mbps/sector 
· Mean file size = 1 MB per user with an exponential distribution
2.2. Carrier Selection and Scheduling Model
Two different scenarios or strategy of carrier selection are simulated separately: 

Strategy S1: Both UL carriers are always used whenever UE has sufficient data/traffic to transmit  

Strategy S2: Both UL carriers are used by the UE for E-DCH transmission if one user is active; otherwise if more than one user is active only single carrier is used for E-DCH but DPCCH is sent on both carriers. More specifically DPCCH is transmitted on both carriers even if data is transmitted on secondary only. Otherwise if data is transmitted on primary carrier only then DPCCH is transmitted only on primary carrier; in this case no samples are taken for plotting the CDF since no power is sent on the secondary carrier.
The primary carrier selection is assumed to be randomly selected by the RNC.
The absolute grant is independently issued for each carrier and can be updated every 10 ms; the change of grant depends upon various factors such as amount of traffic, load etc. The scheduler in strategy S2 aims to do load balancing by assigning different carriers to different users. For example if there are 2 users in a cell, then the primary carrier is assigned to one user whereas the secondary carrier to the second user. Single happy bit is used for both carriers.
2.3. Simulation Parameters
The simulations are dynamic; closed loop power control is in operation on both carriers, users move and perform handovers. 
UE maximum power reduction (i.e. power back off) is not modeled. The UE applies E-TFC restriction and is able to use all allowed E-TFCI. 

The Node B sends UL TPC command to the UE after measuring the pilot on the UL received DPCCH. Thus the parameter, TPC delay in table 1, is defined as the time between measuring the pilot on the UL DPCCH at the node B to the moment the UE applies the corresponding UL TPC command received from the node B. 

The simulation parameters are listed in table 1 below.
Table 1: Simulation parameters used in system simulation
	Parameter
	Value

	Network model
	13 sites (39 sectors); 3 sectors per site with wrap around. 

	Site-to-site distance
	500 meters

	Channel model
	PA3; UE speed = 3 km/hr

	Service
	File upload; see section 2.1

	BS receiver type
	2 way receiver diversity

	TPC command error rate
	Based on UL quanity

	TPC step size
	1 dB

	TPC delay
	2 slots

	E-DCH category 
	6, 2 ms TTI

	Outdoor to indoor loss
	20 dB; loss for indoor users served by outdoor base stations 

	Carrier Frequency
	2.0 GHz (band I)

	UE maximum output power
	21 dBm

	Shadow fading standard deviation
	8 dB

	Maximum HARQ transmissions
	4

	EUL active set size per carrier
	3


3. Simulation Results
The power difference is expressed as: 

Pdiff = (P1 [dBm] – P2 [dBm](
The power difference, Pdiff, is logged on every TTI to plot the CDF curves for all scenarios. For few scenarios it is also logged on time slot level. 

3.1. Results for Strategy S1
As stated in section 2.2, the strategy S1 allows the use of both UL carriers for data transmission whenever there is sufficient data. 
3.1.1. Indoor Users; S1
In this scenario all are indoor users but are served by and transmit to the outdoor base stations. The power difference (Pdiff) results are obtained by logging samples on TTI level for the following two cases: 

· Samples taken in all TTIs i.e. regardless whether UE transmit data or not

· Samples taken in TTIs when users transmit data on both carriers

The results for the above cases are shown in figures 1 and 2 respectively. 
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Figure 1: Indoor users; load 1.5 Mbps/sector; samples in all TTIs

[image: image2.emf] 

0 5 10 15 20 25 30

0

10

20

30

40

50

60

70

80

90

100

Power difference [dB]

CDF [%]

Data on 2 carriers: strategy S1, E-DCH cat 6, indoor, ISD 500 m


Figure 2: Indoor users; load 1.5 Mbps/sector; samples in TTI when data transmitted on both carriers

3.1.2. Outdoor Users; S1
In this scenario all are outdoor users and are all served by and transmit to the outdoor base stations.  The power difference (Pdiff) results are obtained by logging samples on TTI level for the following two cases: 

· Samples taken in all TTIs i.e. regardless whether UE transmit data or not

· Samples taken in TTIs when users transmit data on both carriers

The results for the above cases are shown in figures 3 and 4 respectively. 
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Figure 3: Outdoor users; load 1.5 Mbps/sector; samples in all TTIs
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Figure 4: Outdoor users; load 1.5 Mbps/sector; samples in TTI when data transmitted on both carriers
3.2. Results for Strategy S2

As stated in section 2.2, according to strategy S2 both UL carriers are allowed for data transmission in case there is single user otherwise single carrier is used for data.
3.2.1. Indoor Users; S2

In this scenario all are indoor users but are served by and transmit to the outdoor base stations. The power difference (Pdiff) results are obtained by logging samples on TTI level for the following two cases: 

· Samples taken in all TTIs i.e. regardless whether UE transmit data or not

· Samples taken in TTIs when users transmit data on both carriers i.e. when there is single user since only then it is allowed to transmit on both carriers
The results for the above cases are shown in figures 5 and 6 respectively. 
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Figure 5: Indoor users; load 1.5 Mbps/sector; samples in all TTIs
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Figure 6: Indoor users; load 1.5 Mbps/sector; samples in TTIs when data is transmitted on both carriers 
3.2.2. Outdoor Users; S2

In this scenario all are outdoor users and are all served by and transmit to the outdoor base stations. 
The power difference (Pdiff) results are obtained by logging samples on TTI level for the following two cases: 

· Samples taken in all TTIs i.e. regardless whether UE transmit data or not

· Samples taken in TTIs when users transmit data on both carriers i.e. when there is single user since only then it is allowed to transmit on both carriers
The results for the above cases are shown in figures 7 and 8 respectively. 
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Figure 7: Outdoor users; load 1.5 Mbps/sector; samples in all TTIs
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Figure 8: Outdoor users; load 1.5 Mbps/sector; samples in TTIs when data is transmitted on both carriers
4. Summary
The results shown in section 3 are summarized in table 2 for 95th percentile. The results for slot level logging are shown in table 3. The results show the power difference depends upon various factors including scheduling strategy, deployment scenario etc. There is no significant difference between TTI and slot level results.
Table 2: Power difference; 95th percentile for 2 ms (TTI) level logging

	Scenario
	Strategy S1
	Strategy S2

	
	Based on all samples 
	Based on samples with data on two carriers
	Based on all samples 
	Based on samples with data on two carriers

	Indoor
	4.8 dB
	4.4 dB
	18.5 dB
	5.3 dB

	Outdoor
	6.4 dB
	6.2 dB
	17.4 dB
	7.7 dB


Table 3: Power difference; 95th percentile for slot level logging

	Scenario
	Strategy S1
	Strategy S2

	
	Based on all samples 
	Based on samples with data on two carriers
	Based on all samples 
	Based on samples with data on two carriers

	Outdoor
	6.7 dB
	6.5 dB
	17.4 dB
	8.0 dB


5. Conclusions 
In this paper we have provided system simulation results depicting the UE transmitted power difference between the two carriers in different deployment scenarios and scheduling strategies. The results based on this analysis show that in typical scenarios UE transmitted power difference can vary between about 4 dB to 18 dB. It is therefore proposed that the UE RF requirements for DC HSUPA [4-5] are specified such that DC HSUPA capable UEs are able to handle the power difference dynamics while maintaining adequate performance. 
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