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1 Introduction
The downlink distributed transmission was discussed in the RAN1#50 meeting [1] and two values of Nd, Nd=2 and Nd=3, were agreed in [2]. Because some concerns on the performance gain of Nd=3 over Nd=2 were raised, this contribution provides a system level comparison for the VoIP capacity between Nd=2 and Nd=3. 

2 VoIP capacity comparison between Nd=2 and Nd=3
In our understanding the main use case of the distributed transmission is VoIP. Therefore, we have carried out a system level capacity evaluation to compare Nd=2 and Nd=3. 

The simulation assumptions are shown in Table 1 in the Annex, which are inline with the VoIP assumptions given in [3]. We simulated two different cases with respect to the resource allocation of HARQ retransmissions. In case 1, the same PRBs are used for the initial transmission and for the retransmissions. In case 2, the PRBs are randomly reallocated after each transmission. Results for case 1 and case 2 for 5 MHz are shown in Figure 1 and Figure 2, respectively. 

According to [3], 95% of the users need to be satisfied to define the system capacity, where a user is satisfied if 98% of the VoIP packets are transmitted successfully within 50ms. Hence, the capacity comparison between Nd=2 and Nd=3 is summarized as follows. 

· Case 1: without PRB reallocation for retransmissions (Figure 1)
Capacity of 273 (Nd=3) vs. 251 (Nd=2), i.e. gain of ~8.8%
· Case 2: with PRB reallocation (randomly) for retransmissions (Figure 2)
Capacity of 281 (Nd=3) vs. 260 (Nd=2), i.e. gain of ~8.1%
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Figure 1 Satisfaction vs. #UE, without PRB reallocation for retransmissions  
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Figure 2 Satisfaction vs. #UE, with PRB reallocation for retransmissions

3 Conclusion
This contribution shows VoIP capacity evaluation results for Nd=2 and Nd=3 for DL distributed transmission. According to the simulation results a 8~9% VoIP capacity gain of Nd=3 vs. Nd=2 is observed. We believe this gain justifies the necessity of Nd=3. 
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Annex: Simulation assumptions

Table 1 General parameters

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	500 m

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

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14

	Control channel overhead 
	3 OFDM symbols 

	Channel model
	Typical Urban (TU)

	UE deployment
	uniform random spatial distribution over cells

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining

	Hybrid ARQ mapping
	Synchronous in time domain

	Hybrid ARQ round trip delay
	6 subframes (6 ms)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	43 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	2 ms

	CQI subband size
	5 MHz (wideband feedback)

	CQI quantization
	No quantization

	CQI error
	No error modeled

	CQI feedback cycle
	5 ms

	Link to system level interface
	EESM

	Traffic type
	VoIP full rate AMR (12.2kBit Codec)

50% VAF with 2 state Markov model
Voice packet = 40 Byte
SID frame = 15 Byte, but modeled by 40 Byte packet

	MCS level
	MCS 1: QPSK, CR=4/9
MCS 2: QPSK, CR=2/3
MCS 3: 16QAM, CR=4/9

	Scheduler
	M-LWDF [4], pending VoIP packets at the base station are dropped if the delay bound of 50ms has been exceeded
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