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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#74 link simulation assumptions for Lean carrier evaluation were agreed and summarized in a TP [2]. It was also in [3] elaborated on CPC and power control in clean carrier environments.
In this contribution, we provide initial system level simulation results for Lean Carrier evaluation based on simulation assumptions proposed in [4]. The system simulations are performed using a traffic modeling similar to the one agreed for the link simulations [2] and used in the link level simulations presented in [5].

2 System Level Simulations
2.1 Simulation assumptions
The simulation results presented in this contribution are based on the assumptions presented in Table 1 and Table 2 provided in Appendix. There are minor differences to [4], for example 9 instead of 21 cells are used. The users were scheduled in a round-robin fashion in their serving cell. To simplify the comparison of the results, the OLPC was used to control the target HARQ BLER to 10%, for both CPC and Lean users.
2.2 Transmission patterns
The data transmission pattern used was similar to the one used in the link simulations. Bursty traffic is modeled using periodic transmissions from one or more UEs. Simulations were performed for the following three solutions:

· Lean0: The basic Lean Carrier where user DPCCH is transmitted only during data transmission, with no preambles/postambles or DPCCH bursts transmitted.
· Lean+: Lean carrier with preambles and postambles immediately before and after each burst of data transmission.
· Baseline CPC: Transmissions are scheduled according to the same pattern as the Lean carrier users. DPCCH gating is used to reduce the control channel overhead, but baseline CPC users can still interfere with each other even when they are not transmitting data.

3 Simulation Scenarios and Results

In the scenario used for the system simulations presented in this paper each user can transmit 4 TTIs of data followed by 80 TTIs of silent period where other users are allowed to be scheduled. The users were scheduled in a round-robin fashion in their serving cell. A total of 21 positions in a timeframe of 84 TTIs (168ms) are created for scheduling the users. This means that a cell is fully allocated if 21 users are active in a cell. Therefore, 189 users are required for keeping most of the 9 cells fully allocated. The cells will not always be fully allocated since the users are not stationary, it will in occasions be more and in occasions be less than 21 users in each cell. The DPCCH bursts of CPC users in the system were 2 TTIs long and were transmitted in a cycle of 80 TTIs. The used traffic pattern is illustrated and further described in Figure 1.
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Figure 1. Transmission pattern used in the simulations. For each CPC user, a DPCCH burst of 4 ms is transmitted every 164 ms. If the user is scheduled a 8 ms data burst is also transmitted every 168 ms. If the data overlaps with the DPCCH burst, no additional DPCCH burst is transmitted. The number of standalone DPCCH bursts interfered by data transmissions and vice versa depends on all users’ respective CPC timing. As an illustrative example the user transmitting in position 19 is hit by the DPCCH bursts from both the user in position 0 and the user in position 1. Lean users, when scheduled, only transmit the data using the same pattern, a 8ms data burst every 168ms.
Simulations are performed using the PedA 3 km/h and TU 3 km/h channel models. The simulation results are evaluated in separate sub-chapters, one for each channel model.
3.1 TU3 simulation results
The TU3 channel simulation results show that there is a RoT difference of approximately 2 dB between the Lean0 and CPC user cases at similar throughput rates. This is particularly observed in the densely populated simulation runs.
[image: image2.png]CDF

SOCCC0000
ORI~

LeanTU3mc

Serving cell uplink throughput

05 1 1.5 2 25 3 35
[Mbps]

s ()1 1 nrofInitialUsers = 45
s ()2 : nrofInitialUsers = 90
s )31 nrofInitialUsers = 135
()4 : nrofInitialUsers = 189
s 051 nrofInitialUsers = 200
m—06: nrofInitialUsers = 250




[image: image3.png]CDF

LeanTU3mc cellRoTCdf

4 6 8 10 12 14 1B 18
[dB]
———01: nrofinitialUsers = 45
———02: nrofinitialUsers = 90
———03: nrofinitialUsers = 135
———04: nrofinitialUsers = 189
————05: nrofInitialUsers = 200
———06: nrofinitialUsers = 250

Eil

2




Figure 2.
Simulation results for Lean0 user case in TU3 channel.
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Figure 3.
Simulation results for CPC user case in TU3 channel.
3.2 PA3 simulation results
For PA3 an extra case with Lean+ was added. The uplink cell throughputs of the CPC, Lean0 and Lean+ user cases were very similar. Looking at the RoT distribution, the RoT was 1-2dB higher for the CPC user case compared to the Lean0 or Lean+ user cases.
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Figure 4.
Simulation results for Lean0 user case in PA3 channel.
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Figure 5.
Simulation results for Lean+ user case in PA3 channel.
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Figure 6.
Simulation results for CPC user case in PA3 channel.
4 Conclusion
In this contribution we present initial system level simulation results for Lean Carrier evaluation. The system simulations are performed using a traffic modeling similar to the one used in the link level simulations. The simulations model a more realistic bursty nature of a real network where users can transmit at high rate with relatively long DTX gaps. In this simulated scenario, the system performance is improved by removal of DPCCH bursts. The throughput is comparable for both the simulated cases, while measured RoT is lower for Lean carrier.

Observation:
The trend that the performance deteriorates when more and more users are added to the system, and the CPC users interfere more with each other, is visible. This confirms that the conclusions drawn from the link simulation [5] are also valid for a more realistic bursty network.
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6 Appendix

5.1
System level simulation assumptions
The used simulation assumptions for the initial system simulations are shown in Table 1 and Table 2.
Table 1. Deployment model simulation assumptions

	Parameter
	Value

	Deployment scenario
	3GPP Macrocell

	Cell layout
	Wrap-around hexagonal grid, 

3 sites with 3 sectors per site 

	Inter-site distance [km]
	0.5

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading
	Standard Deviation: 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m

	Node B antenna pattern
	“Combining method in 3D antenna pattern“ in Table A.2.1.1-2 [6]

	Node B antenna tilt angle, 
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	10º



	UE antenna pattern
	Omnidirectional

	UE antenna gain [dBi]
	0

	Penetration loss [dB]
	20

	Maximum UE TX power [dBm]
	21

	NodeB noise figure [dB]
	3

	Thermal noise PSD [dBm/Hz]
	-174

	Minimum distance between UT and serving cell [m]
	 35

	Carrier frequency [GHz]
	2.0

	Channel model profile
	PA3, TU3

	Correlation between the antennas
	0

	User mobility model
	Doppler spectrum

	User distribution
	Randomly and uniformly distributed over the area

	Interference modeling
	Explicitly modeled interference, given percentage of the strong interferes are modeled with taking into account their temporal and spatial correlation properties, less powerful interferers are modeled by equivalent AWGN noise. (The simplified interference modeling is optional)

	Traffic model
	Full buffer


Table 2. System operation assumptions

	Parameter
	Value

	Transmission modes
	SIMO

	Link-to-system mapping interface
	Effective SINR based

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	Channel estimation
	Realistic

	Pilot SIR estimation
	Realistic

	E-DPCCH decoding
	Ideal

	Node B receiver
	LMMSE with RX diversity

	Number of TX antennas
	1

	Number of RX antennas
	2

	Soft handover
	Enabled

	Softer handover
	Enabled

	OLPC
	Enabled

	OLPC delay [TTI]
	10

	Target BLER
	10% after the 1st transmission attempt

	H-ARQ approach
	Incremental redundancy
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