
3GPP TSG-RAN WG1 Meeting #51
R1-075011
Jeju, Korea, November 05 – 09, 2007


          (revision of R1-074921)
Source:
Panasonic
Title:
Clarification of VoIP capacity comparison for Nd=2 and Nd=3 
Agenda Item:
6.2.5

Document for:
Discussion and decision 
1 Introduction 

For the downlink distributed transmission, two values of Nd, Nd=2 and Nd=3, were agreed in [1]. Because some concerns on the performance gain of Nd=3 over Nd=2 were raised, we provided a VoIP capacity comparison for Nd=2 and Nd=3 in [2], which shows a gain of 8~9%for Nd=3. On the other hand, the simulation results in [3] show only a marginal gain of 1.3%. 

We believe the main reason for the performance difference between the results in [2] and in [3] is due the difference in BLER operation point. When the BLER operation point is high, the difference between Nd=2 and Nd=3 is expected to be small because time diversity becomes a dominant diversity factor. However, frequent retransmissions require a large amount of PDCCH resources, since they are explicitly scheduled. 

In this contribution, we provide additional VoIP system simulation results for Nd=2 and Nd=3 at various initial BLER operation points and analyze the gain of Nd=3 taking into account the required PDCCH resources for retransmissions. 

2 Performance comparison 

The simulation assumptions are identical to the ones used in [2], which is shown in Table A1 in Annex A. These are inline with the VoIP assumptions given in [5]. The system capacity is defined such that 95% of the users need to be satisfied, where a user is satisfied if 98% of the VoIP packets are transmitted successfully within 50ms. Three MCS levels (QPSK R=4/9, QPSK R=2/3, 16QAM R=2/3) are used for the link adaptation. As a resource allocation scheme for HARQ retransmissions, it is assumed the PRBs are randomly reallocated after each transmission. 

Table 1 shows the VoIP capacity and required PDCCH resources for various initial BLERs. The required PDCCH REs depends on the average number of VoIP retransmission packets Mretx per subframe since these require a PDCCH. Mretx is calculated as follows: 
   Mretx = K*(N-1)*0.5*(1/20+1/160),

with N denoting the average number of transmissions per VoIP packet and K denoting VoIP capacity and assuming 50% voice activity with an SID interval of 160ms. 
The required PDCCH REs is calculated using the geometry distribution and the PDCCH coding rates of  QPSK rates 1/12, 1/6, 1/3 and 2/3 as follows [4]: 
   Mretx*PPDCCH*(0.18*12+0.24*6+0.20*3+0.38*3/2)/2
with the PDCCH payload size PPDCCH to be 39 bit for both DL grant and UL grant, which corresponds to the UL grant and compact DL grant size for 5 MHz as assumed in [6]. 
The resulting value in REs is doubled assuming that the same amount of PDCCHs is required for both DL and UL. 

Table 1 comparison of Nd=2 and Nd=3 with various initial BLER (5MHz)

	　
	Nd2
	Nd3
	Capacity Gain [%]
Nd3 / Nd2
	Required
PDCCH REs (UL & DL) 

Nd2
	Required
PDCCH REs (UL & DL) Nd3

	Capacity
	274
	271
	-1.1
	989 
	1035 

	1TX BLER
	59%
	62%
	　
	
	

	Avrg. TX
	1.69
	1.73
	　
	
	

	Capacity
	274
	278
	1.5
	788 
	844 

	1TX BLER
	51%
	54%
	　
	
	

	Avrg. TX
	1.55
	1.58
	　
	
	

	Capacity
	270
	282
	4.4
	607 
	664 

	1TX BLER
	42%
	44%
	　
	
	

	Avrg. TX
	1.43
	1.45
	　
	
	

	Capacity
	262
	285
	8.8
	466 
	507 

	1TX BLER
	34%
	34%
	　
	
	

	Avrg. TX
	1.34
	1.34
	　
	
	

	Capacity
	252
	283
	12.3
	369 
	400 

	1TX BLER
	27%
	26%
	　
	
	

	Avrg. TX
	1.28
	1.27
	　
	
	


Observations 

· Significant gains for Nd=3 are observed for initial BLERs < 35%, which are appropriate operating points in our understanding. 

· The gain of Nd=3 is marginal in case of initial BLERs >50% because of the time diversity effect. However, the required PDCCH resources for such an large initial BLER is >788 REs, which is not realistic because PDCCHs for VoIP retransmissions, PHICHs, PCFICH and possibly PDCCHs for dynamic scheduling need to be carried within 800REs (i.e. within 3 OFDM symbols). 

· In the simulations in [3], the BLER operation point has not been made clear. Based on the provided assumptions and considerations in Annex B, we estimate that a relatively high BLER operation point, e.g. > 50%, may be used. For this BLER the results in this contribution (1.5% gain of Nd=3 vs. Nd=2) match the results shown in [3].
3 Conclusion

In this contribution, we compared the VoIP capacity for Nd=2 and Nd=3 with various BLERs for the initial transmission to clarify the performance difference between [2] and [3]. According to the simulation results, it is observed that the performance gain of Nd=3 vs. Nd=2 highly depends on the BLER operation point.
With a realistic range of the initial BLER (e.g. 20-35%), Nd=3 shows significant gains compared to Nd=2. Our simulation result shows such initial BLER has best capacity.
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Annex A: Simulation assumptions

Table A1 simulation assumptions

	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=2/3

	Scheduler
	M-LWDF [7], pending VoIP packets at the base station are dropped if the delay bound of 50ms has been exceeded


Annex B: Considerations the on BLER operation point in [3]
In the following our estimation on the assumed BLER operation point in [3] are given. 

According to the provided simulation assumptions in [3], a HR-AMR VoIP packet (224bits) is mapped on a single RB. In [3] a VoIP capacity of ~380 is obtained, which means that on average ~10.7 (= 380*0.5*(1/20 + 1/160) ) successful VoIP packets are transmitted per sub-frame assuming 50% voice activity and an SID interval of 160ms. This leads to an average resource usage of 10.7 RBs per sub-frame. The additional resource usage for retransmissions depends on the BLER operation point, e.g.:
· BLER operation point of 10% : < 10.7*1.1 < 12 RBs are used, this means a resource utilization of ~ 50%

· BLER operation point of 50% : < 10.7*2.0 < 22 RBs are used, this means a resource utilization of ~ 80%

· BLER operation point of 55% : < 10.7*2.2 < 24 RBs are used, this means basically full resource utilization

In case of the full capacity VoIP, the resource utilization is assumed to be relatively high (> 80%), since otherwise more VoIP UEs could be accommodated. According to the calculation above, then the BLER operation point looks > 50%. 
From above considerations, we estimate that a relatively high BLER operation point, e.g. > 50%, may be used in [3].


























































































PAGE  
3GPP
1/5

_1177244166.unknown

_1179921060.unknown

