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1 Introduction

In the last RAN1 meeting we submitted a contribution comparing two distributed transmission schemes in LTE DL, which are subcarrier-wise distributed transmission and resource block (RB)-wise distributed transmission, especially focusing on VoIP application [1]. 
In this contribution, we update the results considering new numerology on TTI and resource block size as agreed. 

2 Scenario for simulation

The whole procedure of voice call simply consists of an UL packet transmission from UE speaking to source Node B, a packet transmission between Node Bs using core VoIP network and a DL packet transmission from target Node B to UE listening. Figure 1 shows DL packet transmission among them, which we focus on. We would assume that the propagation delay from UE speaking to target Node B is constant and therefore, a VoIP packet arrives at the target Node B every 20ms. 
VoIP packets arriving are stored in a queue and processed in a FIFO manner. 

The processing of VoIP packet by modulator and demodulator includes a channel code encoding, a physical resource mapping, an IFFT block, etc. and the corresponding inverse operations. How H-ARQ operates for packet transmission is provided in the next chapter.

For a system with variable packet delay, voice packets can’t be played as soon as they succeeded in decoding at the receiver. Thus, a de-jitter buffer is utilized at the receiver that ensures timely playback of voice packets. Since the bigger size of de-jitter buffer implies the longer mouth-to-ear delay of VoIP service, it had better to be minimized considering the performance of VoIP packet delay. 
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Figure 1 Simulation model for the DL VoIP packet transmission

2.1 H-ARQ operation 

The H-ARQ operations used are as follows: 

· VoIP packet is TDMed in 20ms.
· If the packet is decoded successively, next packet in a queue gets transmitted continuously. 

· If number of H-ARQ transmissions is larger than 2 (20ms), it gives rise to larger delay to the packets in a queue. 
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Figure 2 H-ARQ operation

2.2 Performance metrics

Two performance metrics, BLER and packet delay, are used to compare the subcarrier-wise and the RB-wise distributed transmission schemes. The VoIP packet delay is defined as the delay incurred from the moment the VoIP packet arrives at the target NodeB until the instant it is successfully decoded as illustrated in Figure 1. Cumulative Distributed Function (CDF) of VoIP packet delay will be provided.
2.3 Parameters
Table 1 summarizes simulation parameters for link level simulation. Table 2 indicates the MCS level and corresponding code block size. 120 bits is for SID transmission and 320 bits is for 12.2kbps VoIP packet transmission. ND indicates the number of virtual RBs (VRBs) within one physical RB (PRB).
Table 1 : OFDM Parameters
	Parameter
	Assumption

	Subframe duration (msec)
	0.5

	TTI duration (msec)
	1

	FFT size
	1024

	OFDM sample rate (Msamples/sec)
	15.36

	CP duration ((sec/ samples)
	(4.75/73) ( 6, (4.82/74) ( 1

	Subcarrier separation (kHz)
	15

	# of OFDM symbols per TTI
	7

	OFDM symbol duration ((sec)
	66.67

	# of useful subcarriers per OFDM symbol
	600

	Transmission bandwidth (MHz)
	9.015

	Bandwidth for Resource Block (KHz)
	180

	Number of total Resource Blocks
	50

	Hybrid ARQ
	Synchronous HARQ/IR

	
	5 processes

	
	Max. 4 retransmission

	Number of Antennas (Tx, Rx)
	(1,2)

	Channel model 
	6-ray Typical Urban

	UE speed 
	3/30 (km/h)

	Channel estimation 
	freq(3rd order Lagrange interpolation) -> time(combining of reference symbols in a current subframe)


Table 2 MCS levels
	Sets
	MCS level
	Effective coderate
	codeblock size (data rate)
	The number of resource blocks reserved for RB-wise distributed with ND -block division

	
	
	
	
	ND = 1
	ND = 2
	ND = 3

	A
	QPSK, R=1/2
	0.48
	120 (120kbps)
	1
	2
	3

	B
	16QAM, R=2/3
	0.64
	320 (320kbps)
	1
	2
	3

	C
	QPSK, R=2/3
	0.64
	320 (320kbps)
	2
	4
	6


3 Simulation results 
3.1 BLER performance

From tables 3 to table 5, we summarize the results of BLER performance based on the figures in annex. 
Each table gives the required EsNo value of subcarrier-wise transmission as a reference and the additional required EsNo values of RB-wise transmissions are presented accordingly. It is seen that RB-wise transmission requires an additional power compared to the reference and it depends on ND.
Table 3 Comparison of Required EsNo : SET A
	
	Required EsNo(dB) @ 1% BLER of Subcarrier wise as reference
	Additional required EsNo to the reference(dB)

	
	
	RBwise(ND 1)
	RBwise (ND 2)
	RBwise (ND 3)

	3km/h (Max. 4)
	-1.0
	4.1
	2.1
	1.7

	30km/h (Max. 4)
	-2.7
	2.5
	1.4
	1.0


Table 4 Comparison of Required EsNo : SET B
	
	Required EsNo(dB) @ 1% BLER of Subcarrier wise as reference
	Additional required EsNo to the reference(dB)

	
	
	RBwise(ND 1)
	RBwise (ND 2)
	RBwise (ND 3)

	3km/h (Max. 4)
	4.5
	4.2
	2.1
	1.7

	30km/h (Max. 4)
	2.9
	2.4
	1.3
	0.9


Table 5 Comparison of Required EsNo : SET C

	
	Required EsNo(dB) @ 1% BLER of Subcarrier wise as reference
	Additional required EsNo to the reference(dB)

	
	
	RBwise(ND 1)
	RBwise (ND 2)
	RBwise (ND 3)

	3km/h (Max. 4)
	-0.2
	2.9
	1.5
	1.1

	30km/h (Max. 4)
	-1.8
	1.4
	0.8
	0.6


3.2 Delay performance

From figure 9 to 14, we provide the delay CDFs. And we summarize the delay values at 98% point of CDF curve to compare the delay-tail performance between two transmission schemes. 

Table 6 Delay at 98% cdf curve (ms)
	
	Subcarrier-wise
	RB-wise (ND 1)
	RB-wise (ND 2)
	RB-wise (ND 3)

	SET A  TU3 (EsNo : 0.7dB)
	25
	> 100
	> 100
	100

	SET A TU30 (EsNo : -0.2dB)
	25
	> 100
	65
	60

	SET B TU3 (EsNo : 7.46dB) 
	25
	> 100
	> 100
	> 100

	SET B TU30 (EsNo : 6.7dB)
	25
	120
	45
	60

	SET C TU3 (EsNo : 2.35dB)
	25
	> 100
	100
	60

	SET C TU30 (EsNo : 1.45dB)
	25
	40
	85
	40


4 Conclusion
In this document, we investigated the link level performance of distributed transmission focusing on VoIP service. From the results above, we can clearly see that subcarrier-wise transmission is always better than RB-wise distributed transmission from both of delay and BLER point of view. 

We propose to adopt the subcarrier-wise transmission to support the distributed transmission on downlink.
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Annex. BLER and Delay performance 
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Figure 3 BLER performance: SET A, Typical Urban 3km/h
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Figure 4 BLER performance: SET A, Typical Urban 30km/h
[image: image5.wmf]BLER : SET B (2/3, 16QAM), TU3

0.0001

0.001

0.01

0.1

1

-2

-1

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Rx EsNo per antenna (dB)





Block Error  Rate   Rat

Sub(MAX1)

RB1(MAX1)

RB2(MAX1)

RB3(MAX1)

Sub(MAX2)

RB1(MAX2)

RB2(MAX2)

RB3(MAX2)

Sub(MAX4)

RB1(MAX4)

RB2(MAX4)

RB3(MAX4)


Figure 5 BLER performance: SET B, Typical Urban 3km/h
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Figure 6 BLER performance: SET B, Typical Urban 30km/h
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Figure 7 BLER performance: SET C, Typical Urban 3km/h
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Figure 8 BLER performance: SET C, Typical Urban 30km/h
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Figure 9 Delay CDF: SET A, Typical Urban 3km/h
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Figure 10 Delay CDF: SET A, Typical Urban 30km/h
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Figure 11 Delay CDF: SET B, Typical Urban 3km/h
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Figure 12 Delay CDF: SET B, Typical Urban 30km/h
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Figure 13 Delay CDF: SET C, Typical Urban 3km/h
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Figure 14 Delay CDF: SET C, Typical Urban 30km/h



























































































































































































































































































































































































































