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1 Introduction

RAN2 received an LS from SA4 on QoS for EVS-VBR Codec Operation [1], in which SA4 asked the following question.
· SA4 asks RAN2 to study whether it would be beneficial for the RAN (scheduler and/or admission control function) to be made aware of EVS-VBR mode.

In this document we discuss how the differences between Fixed Bit Rate (FBR) coding and Variable Bit Rate (VBR) coding would affect the admission control decision in the network.
2 Variable Bit Rate Coding
VBR coding describes a method that assigns different number of bits to a speech frame in the coded domain depending on the characteristics of the input speech signal. This method is often called source-controlled coding as well. Typically, a source-controlled coder encodes speech at different bit rates depending on how the current frame is categorized, e.g., voiced, unvoiced, transient, or silence. Note that DTX operation can be combined with VBR coders in the same way as with FBR coders; the VBR operation is related to active speech segments.
The speech signal contains a varying amount of information across time, due to the way the human speech production system operates. Unvoiced segments contain relatively the least information, steady voiced segments a medium amount of information, while the transients contain the most information. Additionally, transient information is normally not well correlated to the past signal, and therefore hard to predict from the past. Therefore it is reasonable to quantize each of the types of signals using only the necessary amount of bits, which has to be varied for maximal efficiency.
Due to the finer bit allocation, in comparison to Fixed Bit Rate (FBR) coding, VBR offers the advantage of a better speech quality at the same average active bit rate than FBR coding at the given bit rate. 
We find that VBR is a useful feature of a speech coder and enhances the usefulness of the EVS coder. 
The benefits of VBR can be exploited if the transmission network supports the transmission of speech frames (packets) of variable size. This is the case for the LTE and UMTS networks. 
3 LTE Simulation Results
The current LTE system supports the transmission of variable rate coding. We show that VBR coding provides better capacity with a slight cost in LTE of a higher delay (~16ms) in the uplink direction only. 

7.1 Fully Dynamic Scheduling (FDS)
When FDS is used the maximum number of VoIP users is constrained by the control channel overhead regardless of whether VBR or FBR codecs are used.   Both technologies incur the same amount of control channel overhead which prevents all the resources from being used by VoIP users.  In such systems it is more relevant to analyze the difference in the resources left for other non-voice services such as best-effort traffic.  With the rapid proliferation of smart phone devices and their data-intensive applications in current and future networks, the additional capacity for carrying best-effort data traffic is critical.
The analysis/simulations focuses on EVS 5.9kbps along with AMR 12.2kbps, 7.95kbps and EVS 8.0kbps (FBR) for justification of the results.  The Figure-1, 2 and 3 below show the differences in resources available to best-effort (BE) traffic as a function of the # of VoIP UEs using either a VBR or non-VBR codec of comparable voice quality.  In the figures, the resources for BE is obtained by subtracting the resources taken by VoIP users from the overall resources. These illustrate how for any best-effort resource allocation, the best-effort throughput is increased for the same number of VBR users compared with the same number of FBR users.
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Figure-1
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Figure-2
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Figure-3

To analyze the maximum VoIP capacity of a FDS we use the following equations:

· Maximum available PDCCH per 5 MHz = (6 grants/ms) x 20ms = 120 grants

· Average available PDCCH per 5MHz = 60% of Max = 72 grants

· Percentage of transmission per UE = 0.5 + 0.0625 = 0.5625

· Average number of UEs can be supported = 72/0.5625 = 128 UEs

Combining this 128 UE limit with the Figure-1 above, it can be seen that if more than 40% of the cell resources are reserved for best-effort traffic (a reasonable mix of voice and data users) then the VBR codec can also provide additional VoIP capacity gains vs. the FBR codec.
The analysis below focuses on EVS 5.9kbps along with AMR and EVS-FBR for justification of the analysis results. The analysis is done based on LTE UL link curve simulation results, frame distributions, and capacity simulation results of AMR in [2] and [3], as described in the following. The frame distribution, obtained with a ~11 minutes long speech file with ~50% VAF as the input to the speech encoder, and transport block size of each type of packets of AMR, EVS 8.0kbps and EVS 5.9kbps are determined as shown in the following tables.

Table-1

	AMR
	EVS 8.0kbps Mode (FBR)
	EVS 5.9kbps Mode (VBR)

	Full
	50.0%         
	8 kbps
	50.0%
	8 kbps
	5.10%

	
	0
	7.2 kbps
	0
	7.2 kbps
	31.42%

	
	0
	2.8 kbps
	0
	2.8 kbps
	13.48%

	SID
	6.59%
	2.4 kbps
	6.50%
	2.4 kbps
	6.50%

	Blank
	43.41%
	Blank
	43.50%
	Blank
	43.50%


Table-2
	 
	AMR
	EVS 5.9kbps

	
	12.2kbps
	7.95kbps
	SID
	8kbps
	7.2kbps
	2.8kbps
	2.4kbps

	Speech Frame
	244
	159
	39
	160
	144
	56
	48

	RTP Payload Header
	CMR
	4
	4
	4
	0
	0
	0
	0

	
	ToC
	6
	6
	6
	0
	0
	0
	0

	RTP Padding
	2
	7
	7
	0
	0
	0
	0

	RTP/UDP/IP (ROHC) Header
	24
	24
	48
	24
	24
	24
	48

	PDCP Header
	8
	8
	8
	8
	8
	8
	8

	RLC Header
	8
	8
	8
	8
	8
	8
	8

	MAC Header
	8
	8
	8
	8
	8
	8
	8

	Additional Overhead
	16
	16
	16
	16
	16
	16
	16

	Total
	320
	240
	144
	224
	208
	120
	136

	LTE TBS
	328
	256
	144
	224
	208
	120
	136


We performed an analysis as follows:

· Identify the SINR for 1% FER for TBS = 328 bits, called SINR328, and the average number of RU328.

· Target SINR328 to obtain RU256, RU224, RU144, RU136, and RU120.

· Use the above Frame Distribution to obtain average number of RUs (1RU = 1RB x 1TTI) per 20ms for AMR 12.2kbps, AMR7.95kbps, EVS 8.0kbps, EVS 5.9kbps ( RUAMR12.2, RUAMR7.95, RUEVS8.0 and RUEVS5.9.
· Assume 1) 10% Guard Band, 2) Normal CP, 3) 80% resource for traffic ( net RUs per 20ms is 400.
· Assume 1) additional overhead is linearly proportional to the number of UEs, and 2) 222 UEs for AMR12.2kbps [3] ( additional overhead per UE. 
· Use the additional overhead per UE obtained above, and RUAMR7.95 and RUEVS to obtain the number of simultaneous users for AMR 7.95kpbs, EVS 8.0kbps and EVS 5.9kbps.
Following are capacity results for 5MHz using fully dynamic scheduling. 
Table-3
	 Typical UL  Delay (ms) 
	EVS 5.9 (314 UEs)   VoIP Gain over EVS 8.0
(262 UEs)
	EVS 5.9 (314 UEs) VoIP Gain over AMR 7.95 
(246 UEs) 
	EVS 5.9 (314 UEs) VoIP Gain over AMR 12.2 
(222 UEs) 

	16
	20%
	28% 
	41% 


4 Admission Control

In the existing QoS mechanism, we expect that the same or similar GBR value is used for AMR 7.95kbps, EVS 8.0kbps and EVS 5.9kbps (e.g. 8.0kbps). The result in the section 3 however shows that there is a significant difference between AMR 7.95kbps/EVS 8.0kbps and EVS 5.9kbps for how many voice uses can be served and how much resource can be left for best-effort traffic.
This would mean that eNB’s admission control can be more aggressive with EVS 5.9kbps than other codecs even though GBR value may be the same for all codecs. It is therefore beneficial for the eNB to be aware of EVS-VBR mode, in order to be able to enjoy the capacity gain of VBR codec,
5 Conclusion

In this document we looked at the capacity gain of EVS-VBR codec and concluded that it is beneficial for an eNB to be aware of to be aware of EVS-VBR mode, in order to be able to enjoy the capacity gain of VBR codec.  The analysis in this document has shown that eNB can be more aggressive in terms of admission control with VBR codec than FBR codec even though the same GBR value could be used in the current QoS scheme.

We looked at LTE radio access in this document, but similar benefits would apply also to HSPA.
We therefore propose to reply to SA4 LS [1] that RAN2 considers it would be beneficial for the RAN to be made aware of EVS-VBR mode at least for the purpose of admission control.
6 References

[1] R2-154019
LS on QoS for EVS-VBR Codec Operation

SA4

[2] H. Wang, D. Jiang, and E. Tuomaala, “Uplink Capacity of VoIP on LTE System,” IEEE Proceedings of Asia-Pacific Conference on Communications, 2007.

[3] D. Jiang, H. Wang, E. Malkamaki, and E. Tuomaala, “Principle and Performance of Semi-persistent Scheduling for VoIP in LTE System,” IEEE, 2007.

[4]
3GPP EVS Characterization Test, Multi-bandwidth Experiment (M1) –N. American English (3GPP TR 26.952)
7 Annex

It is important to look at the voice quality when capacity gain of codecs are compared, i.e. to evaluate capacity gain for a given level of voice quality. It can be seen from the MOS scores shown below that EVS 5.9 (VBR) outperforms AMR-WB 12.65 on the voice quality. AMR-WB 12.65 is equivalent to AMR 12.2 in terms of resource usage. Therefore the capacity gains of EVS 5.9 as shown in Figure-1 and Table-3 in this document apply.
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Figure-A.1:
EVS WB VBR (5.9 kbps) performance in clean speech [4] - ITU-T P.800 DCR Mean Opinion Scores (32 listeners; 192 votes/condition)
