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1 Introduction

During the last RAN WG1 LTE Ad Hoc meeting it was suggested to evaluate both performance and complexity before making recommendation from RAN WG1 on support of uplink macro selection diversity [1]. In the link level performance, the macro diversity gain over no macro diversity is 1.4dB for link balanced case and 0.1dB for 3dB link imbalanced case respectively [2]. In this contribution, the system simulation results including more realistic system situation are presented. In section 2, we summarize the simulation methodology and in section 3, simulation results will be presented.
2 Simulation methodology
2.1 Simulation assumptions

The evaluated uplink transmission scheme is SC-FDMA, specifically distributed FDMA (DFDMA). The detailed parameters are given in [3] and copied as below Figure 1 and Table 1 for your convenience. In this simulation the transmission bandwidth is 5MHz. 
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Figure 1 Sub-frame format with two short blocks/sub-frame
	“Transmission bandwidth”
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/samples)
	Short block size
((s/samples)
	CP duration
((s/samples)


	5
	0.5
	62.50/256
	31.25/128
	(3.91/16) ( 1*,

(3.42/14) ( 8


Table 1 Parameters for Uplink Transmission Scheme
General simulation assumptions are listed in Table 2. Modulation and coding schemes used are shown in Table 3. To reflect the exact inter-cell interference from the UEs locating the neighbouring cell, wrap-around method is implemented in the cell layout.
Table 2. System simulation parameters
	Parameter
	Assumption

	TTI
	0.5ms

	Transmission bandwidth 
	5MHz

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	2.8km

	Minimum distance between UE and cell
	35 m

	Number of UE per sector
	10 (# of dropping =3)

	Distance dependent path loss
	128.1 + 37.6log10(R), R in kilometers

	Antenna pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	UE transmission power
	21 dBm (125 mW)

	Standard deviation of slow fading
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0

	Carrier frequency
	2000 MHz

	Thermal noise density
	-174 dBm/Hz

	Modulation scheme and Channel coding rate
	See Table 3.

	Control delay in scheduling and AMC
	0.5 msec (1 TTI)

	Scheduling algorithm
	Proportional Fairness

	Round trip delay in hybrid ARQ
	2.5 msec (5 TTI)

	Packet combining method in hybrid ARQ
	Chase combining

	Number of receiver antennas
	2

	Traffic model
	Full queue traffic

	Frequency re-use
	1

	Channel model
	Typical Urban model

	UE speed
	3 km/h

	Power control
	Open loop power control

	TTI
	0.5ms

	Transmission bandwidth 
	5MHz

	Determination of BLER
	Mapping instantaneous SINR to AWGN link curves


Table 3. Modulation and coding scheme
	Modulation
	Code Rate
	Repetition Factor
	Data rate[kbps]

	QPSK
	1/3
	128
	19.25

	
	1/3
	64
	38.5

	
	1/3
	32
	75

	
	1/3
	16
	150

	
	1/3
	8
	300

	
	1/3
	4
	600

	
	1/3
	2
	1200

	
	1/3
	1
	2400

	
	1/2
	1
	3600

	
	2/3
	1
	4800

	
	3/4
	1
	5400

	
	4/5
	1
	5760

	16 QAM
	1/3
	1
	4800

	
	1/2
	1
	7200

	
	2/3
	1
	9600

	
	3/4
	1
	10800

	
	4/5
	1
	11520


2.2 Scheduling mechanism
General assumptions are as follows.

· The only downlink best cell performs the scheduling for SHO UE

· Scheduling is performed at every scheduling period corresponding to TTI.

· Node-B allocates the whole bandwidth to one UE with selected MCS level based on the received pilot SINR.
To maximize throughput while maintaining certain fairness among users, a proportional fair scheduler is used. At each scheduling period, the scheduler calculates the priority for each UE based on the SNR and the previously allocated data rate.
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2.3 Output metric

Average cell throughput [kbps/cell] is used to study the network throughput performance, and is measured as
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where b is the total number of correctly received data bits in all data UEs in the simulated system over the whole simulated time, k is the number of cells in the simulation and T is the simulated time. In the case of only evaluating the center cell site, k is the number of sectors.
2.4 Scenario for the simulation
In this simulation, we compare two cases. One is the case of no macro-diversity combining capacity. The other is the case that macro-diversity combining is supported. In both cases, the soft combining of link under the same NodeB is supported. 

We assume the following scenario for the macro-diversity combining simulation shown in the figure 1. UE 1 is scheduled by only the serving NodeB. Meanwhile, non serving NodeB as well as serving Node B can receive the packet data from UE1 providing that multiple UEs are identified. It means that non-serving NodeB allocates the resource to the UE2 but can receive the data from both UE1 and UE2. UE1 also receives the ACK/NACK response from both NodeBs. Especially, for the scheduling efficiency, we assume that non-serving NodeB informs the serving NodeB of the ACK/NACK for the packet reception from UE1. With this signalling, serving NodeB enables to allocate the resource to another UE in a cell if UE1 transmits data successfully. It is noted that the feasibility of this signalling is beyond the scope of this contribution.
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Figure 2: scenario for macro diversity combining
3 Simulation results
Table 4 summarizes the simulation results. The macro diversity combining shows 2% and 0.5 % gain in terms of SHO UEs’ throughput and all UEs’ throughput, respectively. 

Figure 3 indicates the CDF of the user throughput between two cases. In Table 5, the gain of macro-diversity combining at the lower CDF is summarized. It can be seen that the user throughput gain of MDC is 4.3 %, 1.9 %, and 1.0 % for the 5, 10, and 20 percentile data rates, respectively.
	
	Gain [%]

	All  UEs
	0.5%

	SHO UEs 
	2%


Table 4. Gain of macro diversity combining
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Figure 3: CDF of user throughput

	CDF 
	With MDC [kbps]
	Without MDC [kbps]
	Gain[%]

	5%
	18.2
	17.4
	4.3

	10%
	30.8
	30.24
	1.9

	20%
	56
	55.4
	1.1


Table 5. Gain of macro-diversity combining at the lower CDF
4 Conclusion
In this contribution, we have presented uplink system level simulation results showing the throughput gain of macro-diversity combining for EUTRA uplink. Various kinds of aspect which could have impact on the MDC throughput gain were taken into account in our simulations, such as HARQ, channel-dependent scheduling, and inter-cell interference. 
From the simulation results, we observed that the macro diversity combining has 2% gain in SHO UEs’ throughput and 0.5% gain in all UEs’ throughput.
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