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1 Introduction

A new Rel-12 study item “Study on Further EUL Enhancements” [1] was approved during RAN#58 plenary meeting. The study item includes investigation and evaluation of various improvements which can further enhance the uplink HSPA performance.

In RAN1#72bis meeting, the physical layer concept for a dedicated secondary carrier was presented [2]. A contribution on initial simulation assumptions was also presented [3]. In RAN2, a general concept description was given as well a description of how the concept can be introduced in a scenario with mixed legacy and Rel-12 UEs [4] [5]. Further details on the Lean carrier operation are provided in [6].

This contribution further discusses the simulations assumptions for Lean carrier operation, and it is proposed that they are used for further evaluations of dedicated secondary carrier in Further EUL Enhancements. Initial simulation results based on the proposed simulation assumptions are presented.
2 Link Level Simulations

2.1 Simulation assumptions

Table 1. Link level simulation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Physical channels
	DPCCH, E-DPCCH, E-DPDCH 

	T2TP
	10 dB

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16-QAM

	TBS [bits]
	Variable: 120 – 22995 bits

	SIR Target [dB]
	interval with 1 dB step-size

	H-ARQ approach
	Incremental redundancy

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max log MAP

	Number of iterations for turbo decoder
	8

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Path Searcher
	Ideal

	Channel estimation
	Realistic

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay [slots]
	2

	TPC period [slots]
	1

	OLPC
	OFF

	ILPC
	ON

	Propagation channel
	Ped A, 3 km/h, Veh A, 3 km/h

	Correlation of channel realizations between different RX antennas
	0


As discussed in [3], simulations are proposed to be performed on a single carrier, representing the dedicated carrier. The simulations are proposed to be performed modeling one or more UE’s transmitting bursty traffic using either a Lean carrier or using CPC.
· Lean carrier - Transmissions are scheduled periodically with a predefined transmission length and a predefined transmission periodicity. For an “ideal” Lean Carrier user DPCCH is only transmitted during data transmission meaning that no preambles/postambles or DPCCH bursts are transmitted. Users activated on the Lean carrier then create no interference when they are not transmitting. One other option which can be evaluated is to allow transmission of preambles and/or postambles, making the convergence to the right power levels after a transmission gap faster.
· Baseline CPC - Transmissions are scheduled according to the same pattern as the Lean carrier user(s). The baseline CPC users use CPC to reduce the control channel overhead. This means DPCCH preambles/postambles and DPCCH bursts are transmitted, creating interference to the user(s). Users activated on the dedicated secondary carrier create interference when they are not transmitting.
Two scenarios are proposed to be simulated for evaluation. In the first scenario a single user is transmitting with transmission gaps and in the second scenario two users are transmitting subsequently with gaps between the transmissions:

2.1.1 Scenario 1 - Single active user data transmission

The simulations are performed with a single active user, where active user means a user sending data. Only one user will be scheduled at any time instant when operating on the Lean carrier or baseline scheme (Rel-9 based secondary dedicated carrier). To take into account effects of channel variations between data transmissions a non-continuous transmission is modeled according to figure 1a and 1b. The lean data user is transmitting in a predefined transmission length and no data or control channels are transmitted during the rest of the time in the transmission periodicity. 
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Figure 1a – One ideal Lean carrier user is transmitting, note other inactive lean carrier users cause no interference on this carrier, since inactive lean users do not transmit anything by definition.
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Figure 1b – One Lean carrier user is transmitting with pre- and postambles.

The simulation setup for the baseline data user using CPC is illustrated in figure 2. The user is transmitting data in a specified data burst length. DPCCH is also transmitted during the pre- and postamble periods. To emulate inactive users on the secondary carrier, which are not transmitting any data, DPCCH bursts are transmitted interfering with the data transmissions. 
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Figure 2 – One CPC user is transmitting data and is interfered by other inactive CPC users (DPCCH bursts).

2.1.2 Scenario 2 - Multiple active users data transmission

In this scenario the simulations are performed with two active users.  There are no empty transmission gaps between data transmissions, other users are interfering during the transmission gaps. In real networks, as the number of high data-rate users increases the probability that DPCCH bursts of users in CPC will be interfered by other high data-rate users increases. See Figure 4 where this is illustrated.   As seen in Figure 3a and 3b, in Lean carrier operation the above mentioned problem is avoided since no interference from other users is experienced. 
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Figure 3a – Two Lean carrier users are transmitting, note other inactive lean carrier users cause no interference on this carrier, since inactive lean users do not transmit anything by definition.
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Figure 3b – Two Lean carrier users are transmitting with pre- and postambles.
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Figure 4 – Two CPC users are transmitting and are interfered by other inactive CPC users (DPCCH bursts).

To evaluate the potential gains of a Lean carrier, the throughput can be evaluated versus different Ec/No and compared to the baseline scheme. The simulation parameters include, but are not limited to, the number of interfering CPC users, length of data transmissions and length of transmission gaps.

2.2 Simulation results

The simulation assumptions used are presented in previous subsection and the simulation parameters used are stated in the Table 1.

2.2.1 Simulation results for Scenario 1
For these simulations a data transmission burst length of 5 TTIs and a gap of 15 TTIs (data burst cycle of 20 TTIs) were considered. The channel used was PedA 3km/h. The user transmitting data, with a granted a rate of 10 Mbps, at regular intervals is subject to the presence of interference from a variable number CPC bursts that are aligned with its data burst. For Lean no interferers are considered as described in the simulation assumptions sub-section.
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Figure 4a: Simulation results for scenario 1 (BLER vs Ec/No). No interfering CPC bursts.
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Figure 4b: Simulation results for scenario 1 (BLER vs Ec/No). 1 interfering CPC burst.
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Figure 4c: Simulation results for scenario 1 (BLER vs Ec/No). 2 interfering CPC bursts.
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Figure 4d: Simulation results for scenario 1 (BLER vs Ec/No). 3 interfering CPC bursts.
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Figure 4e: Simulation results for scenario 1 (BLER vs Ec/No). 4 interfering CPC bursts.
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Figure 4f: Simulation results for scenario 1 (BLER vs Ec/No). 5 interfering CPC bursts.
The simulation results are presented in Figure 4a-4f. When there are no background users, Figure 4a, CPC shows, as expected, the same performance as the Lean carrier with pre- and postambles. 
In the remaining figures, Figure 4b-4f, simulation results with interfering CPC bursts are presented. Both the ideal Lean carrier and Lean carrier with pre- and postambles perform better than CPC.
2.2.2 Simulation results for Scenario 2
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Figure 5a: Simulation results for scenario 2 (BLER vs Ec/No). 3 TTIs gap between data transmissions.
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Figure 5b: Simulation results for scenario 2 (BLER vs Ec/No). 5 TTIs gap between data transmissions.
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Figure 5c: Simulation results for scenario 2 (BLER vs Ec/No). 10 TTIs gap between data transmissions.
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Figure 5d: Simulation results for scenario 2 (BLER vs Ec/No). 20 TTIs gap between data transmissions.
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Figure 5e: Simulation results for scenario 2 (BLER vs Ec/No). 40 TTIs gap between data transmissions.

For these simulations, a data transmission burst of 3 TTIs were considered. The gap between transmissions is varied between 3, 5, 10, 20 and 40 TTI’s. The channel used was PedA 3km/h. The user transmitting data is a granted a rate of 10 Mbps.

As seen in Figure 5a to 5e there are gains with Lean carrier operation in this scenario. This reflects the benefits of removing the interference from other users compared to trying to follow the channel through DPCCH bursts. The interference created by the data-transmitting user during a DPCCH burst is strong enough to destabilize CPC.
3 Conclusion
In this contribution simulation assumptions for evaluating Lean carrier are proposed, and initial link simulation results based on the proposed simulation assumptions are presented.
Proposal 1
The simulation assumptions presented in this contribution are adopted for Lean (Dedicated secondary) carrier performance evaluation in Further EUL Enhancements.
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