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1. Introduction
This document provides an operator’s point of view on source-controlled variable bit rate (VBR) discussed in the last SA4 #60 meeting in Erlangen. In addition, this document shows simulation results comparing semi persistent scheduling (SPS) and dynamic scheduling in terms of capacity. 
2. Concerns on source-controlled VBR in radio aspects
Source-controlled VBR is in general better than constant bit rate (CBR) in terms of average required bit rate under the condition of same speech quality at IP level. However, the sources believe that the efficiency should be discussed taking into account of radio aspects. Followings are our concerns related to this. 

· In general, source-controlled VBR is efficient in terms of rate-distortion manner, but could only be implemented using dynamic scheduling which requires packet-by-packet control signalling for resource allocation. This overhead cannot be neglected for small payloads such as a VoIP packet. This is the reason why SPS is specified for packets with constant bit rate during talk spurt [1]. Therefore, the total radio transmission rate should be considered in order to quantify the efficiency over LTE. 
· If the peak rate in a packet exceeds that of CBR, coverage problem may occur for such packet. 
· Additional delay is required for dynamic scheduling [2]. 
3. Simulation Result
Figure 1 shows the simulation results comparing SPS and dynamic scheduling in terms of VoIP capacity assuming AMR 12.2 kbps with voice activity factor of 0.5. The parameters used for the simulation are similar to that used in 3GPP [3][4] and are described in the annex of this document. Each plot indicates ratio of outage UEs whose packet loss rate is more than 2%. VoIP capacity of a cell is defined by the number of UEs of which outage is 0.05. Figure 1(a) and (b) are penetration loss of 10 dB and 20 dB, respectively.
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(a) Penetration loss at 10 dB                          (b) Penetration loss at 20 dB

Figure 1: Outage probability of SPS and dynamic scheduling
Table 1: Number of Real time UEs per cell for SPS and dynamic scheduling
	Penetration Loss
	SPS
	Dynamic
	Capacity gain

	10 dB
	210 UE
	140 UE
	1.5

	20 dB
	260 UE
	140 UE
	1.8


Table 1 summarizes number of UEs per cell and total capacity gain, including the radio overheads, such as signalling required for scheduling. As shown in the table, SPS can achieve 1.5 or 1.8 times higher capacity than dynamic scheduling which is likely suitable for source-controlled VBR. This means that to achieve equivalent capacity to SPS case, 33% to 43% reduction in terms of payload bit rate is necessary, when using dynamic scheduling. Compared to CBR of 12.2 kbps over SPS, average bit rate of 6.8 to 8 kbps is required for source-controlled VBR under the condition of keeping the same speech quality and radio capacity. The above results also imply that, to further increase transmission capacity by operating at even lower bitrates, such as 8kbps as required by some operators, the correct decision is to use CBR over SPS, rather than using source-controlled VBR.
4. Conclusion
This document provides the sources’ concerns for source-controlled VBR over the LTE radio link. In terms of total VoIP capacity, our simulation result shows that source-controlled VBR with dynamic scheduling operating at 6.8 to 8 kbps on average is equivalent to 12.2 kbps operating at CBR with SPS. This will be also true for bit rate lower than 12.2 kbps. Considering the radio aspects including the simulation results, the sources are still unaware of the efficiency of source-controlled VBR for EVS. From operator’s point of view, the sources are reluctant to adopt source-controlled VBR as mandatory constraints, unless these concerns are resolved. 
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Annex: Simulation Parameters
	System bandwidth 
	5 MHz

	Cell layout
	19 sites, 3 cells per site

	Inter site distance 
	500 m

	Distance-dependent path loss
	128.1 + 37.6log10(r) dB

	Penetration loss
	10  dB / 20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5(inter site) / 1.0 (intra site)

	Maximum transmit power
	23 dBm

	Shadowing standard deviation
	8 dB

	Channel model
	Typical Urban 

	UE speed
	30 km/h

	Node B antenna pattern
	Horizontal
	70 degree sector  beam(14 dBi)

	
	Vertical
	10 degree beam width with down tilt (0 dBi)

	UE antenna gain
	0 dBi

	Number of  receiver antennas
	2

	Noise  figure
	5 dB

	Sub-frame length
	1 ms

	Modulation and coding scheme
	QPSK, 1RB/SID

QPSK,  2RBs/VoIP
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