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1 Introduction
As a result of the studies conducted in the Video Enhancements for 3GPP Multimedia Services at previous SA4 meetings till SA4#85, inclusive, TR 26.948 (in Tdoc S4-151084) was produced, which includes test cases, test conditions and test results comparing SHVC and HEVC simulcast for various use cases including multi-stream multiparty video conferencing (MMVC), IMS based telepresence, MBMS and 3GP-DASH. For the MMVC and telepresence use cases, simulations indicate that SHVC provides 27% average bandwidth savings for uplink transmission (compared to HEVC simulcast), but incurs 24% average bandwidth increase for downlink transmission (compared to HEVC single layer coding). 

Since the SA4#85 meeting, an additional Tdoc S4-AHM295 was presented at the MTSI SWG teleconference on IMS_TELEP_S4 on Tuesday, September 22nd, 2015, which further discussed the use of SHVC vs HEVC simulcast for IMS based telepresence. During the discussion of SA-AHM295 at the teleconference, one question was raised regarding whether and how the benefit and cost analysis of SHVC vs HEVC simulcast may depend on how many premium UEs and regular UEs are present in a telepresence session. This is a reasonable question, as the numbers of premium vs regular UEs will affect the balance between uplink bandwidth savings and downlink bandwidth penalty. This document attempts to answer the question, by performing additional cost and benefit analysis while taking into account the numbers of premium UEs and regular UEs in an MMVC/telepresence session. 
As background, Figure 1 illustrates a typical MMVC/telepresence session, where there is a mix of premium users (high-end device in Figure 1) and regular users (low-end device in Figure 1). Figure 1 is a representative example of the MMVC/telepresence use cases discussed in Tdoc S4-150966.
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Figure 1. A typical MMVC/telepresence session consisting of users with different device capabilities
Referring to Figure 1, in this document we present the cost/benefit analysis of SHVC vs. simulcast by taking into account the numbers of premium and regular UEs in an MMVC/telepresence session, for the following cases:

· Case A: the current active speaker sends two video resolutions (one “high” @ 1080p + one “medium” @720p), coded using either SHVC or HEVC simulcast. The previous active speaker sends one video resolution (“medium” @720p) and one thumbnail (@240p) video, coded using HEVC simulcast. All other UEs send only one thumbnail video, coded using HEVC. This is the MMVC use case in TR 26.948. 
· Case B: the current active speaker sends one video resolution (“medium” @720p). The previous active speaker sends one video resolution (“medium” @720p) and one thumbnail (@240p), coded using either SHVC or HEVC simulcast. All other UEs send one thumbnail video, coded using HEVC. This is the MMVC use case in MMCMH permanent document in Tdoc S4-150822. In Tdoc S4-151317 submitted to this meeting, simulation results for applying SHVC to the 3:1 spatial scalability case (that is, scalable coding of the main video and the thumbnail video) are provided. 
· Case C: the same as Case A, except that the previous active speaker also uses SHVC or HEVC simulcast to code the main video (“medium” @720p) and the thumbnail (@240p) video. In other words, Case C is a combination of Case A and Case B. 

2 Uplink vs downlink transmission cost

In order to further analyze the balance between uplink saving and downlink penalty using SHVC, an important factor, one that reflects the relative cost of uplink transmission and downlink transmission, needs to be determined. This is because the 3G and 4G LTE wireless channels (in fact as well as most wired channels) are often asymmetric in practice. Specifically, available uplink transmission bandwidth is often less than available downlink transmission bandwidth. Table 1 shows the downlink to uplink bandwidth ratios for major cellular and home network operators in the US. Based on Table 1, on average the relative cost of uplink transmission is 2.375 times that of downlink transmission for cellular operators, and 3.636 times that of downlink transmission for cellular and home network operators. 
Table 1. Downlink to uplink (DL/UP) ratio for major cellular and home network operators 
	
	
	DL/UP Ratio (range)
	DL/UP Ratio (average)

	3G cellular
	ATT
	5
	5

	
	Verizon
	1
	1

	
	Sprint
	1
	1

	
	T-mobile
	5
	5

	4G cellular
	ATT
	2
	2

	
	Verizon
	1~2
	1.5

	
	Sprint
	1
	1

	
	T-mobile
	2~3
	2.5

	Home network
	ATT U-Verse
	1~9
	5

	
	Time Warner
	2~15
	8.5

	
	Cox
	5~10
	7.5

	Average 
	Cellular only
	2.375

	
	Cellular + home
	3.636


3 Case by case cost/benefit analysis of SHVC vs HEVC simulcast 
First we define the following notations to be used in our analysis: 
· N: total # of UEs in the MMVC/telepresence session
· H: single layer rate of “high” quality main video

· M: single layer rate of “medium” quality main video

· T: single layer rate of thumbnail video

· a: performance gain of SHVC over simulcast

· b: performance penalty of SHVC versus single layer

· f: a weighting factor that reflects the cost of uplink traffic relative to that of downlink traffic, as discussed in Section 2
3.1 Case A 

The following additional notations are defined for Case A: 
· N0: total # of premium UEs receiving high quality video (not counting current active speaker)

· N1: total # of regular UEs and current active speaker 

Note that the reason why the current active speaker is not included in N0 but included in N1 is that the current active speaker receives medium quality video M from the past active speaker (due to the capabilities of the current and previous active speakers). Later in this section (section 3.1), we analyze the case when the previous active speaker sends H instead of M (assuming both current and previous active speakers have high capability), and will show that we will draw basically the same conclusion, regardless of whether the current active speaker is included in N0 or N1.

Table 2 lists the uplink and downlink bandwidth consumption depending on whether the UE is the active speaker, the last active speaker, any other UE, whether the UE is a premium or regular UE, and whether the UE uses simulcast or SHVC. 
Table 2. Uplink and downlink traffic using simulcast and SHVC for each UE type for Case A (where the previous active speaker sends M)
	
	UE type
	Simulcast
	SHVC

	Uplink
	Active speaker
	H + M
	(H + M) * (1-a)

	
	Last active speaker
	M + T
	M + T

	
	All other UEs
	(N-2) * T
	(N-2) * T

	Downlink 
	Premium UEs
	N0 * (H + T * (N-2))
	N0 * (H * (1+b) + T * (N-2))

	
	Normal UEs  and active speaker
	N1 * (M + T * (N-2))
	N1 * (M + T * (N-2))


Factoring in f, the relative cost of uplink vs downlink transmission, we have the following for T_simul, the total bandwidth using simulcast: 

T_simul = f*(H + M + M + T + (N-2)*T) + N0*(H + T * (N-2)) + N1*(M + T * (N-2))
And the following for T_shvc, the total bandwidth using SHVC: 

T_shvc = f*((H + M)*(1-a) + M + T + (N-2)*T) + N0*(H*(1+b) + T * (N-2)) + N1*(M + T * (N-2))
Subtracting T_shvc from T_simul and simplifying the difference, we have the following: 

T_simul – T_shvc 
= (f*(H + M) + N0*H) – (f*((H + M)*(1-a)) + N0*H*(1+b))
= f * (H + M) * a – N0 * H * b

Substituting a = 0.27, b = 0.24, M ≈ 0.5H (see the latest TR26.948 in Tdoc S4-151084), and f = 2.375 (see Section 2), we have the following:
T_simul – T_shvc
≈ 0.64 (H + M) – 0.24 * N0 * H
≈ 0.96 H – 0.24 * N0 * H

For SHVC to have overall bandwidth reduction over simulcast, that is, T_simul – T_shvc ≥ 0, we should have 4 or fewer premium UEs in the MMVC/telepresence session, i.e. N0 ≤ 4 should be true. Otherwise, if N0 > 4, then SHVC results in higher overall bandwidth than HEVC simulcast. 
So far we have only considered the case when the previous active speaker is a regular UE sending normal (“medium” @720p) quality video (M). Deeper investigation shows that similar conclusion holds when the previous active speaker is a premium UE sending high quality video (H), as discussed below. 

The following additional notations are defined: 
· N0: total # of premium UEs receiving high quality video (this will include current active speaker)

· N1: total # of regular UEs (this will not include current active speaker) 
Table 3. Uplink and downlink traffic using simulcast and SHVC for each UE type for Case A (last active speaker sends H)
	
	UE type
	Simulcast
	SHVC

	Uplink
	Active speaker
	H + M
	(H + M) * (1-a)

	
	Last active speaker
	H + T
	H + T

	
	All other UEs
	(N-2) * T
	(N-2) * T

	Downlink 
	Premium UEs, not including current active speaker 
	(N0-1 ) * (H + T * (N-2))
	(N0-1) * (H * (1+b) + T * (N-2))

	
	Current active speaker
	H + T * (N-2)
	H + T * (N-2)

	
	Normal UEs
	N1 * (M + T * (N-2))
	N1 * (M + T * (N-2))


Factoring in f, the relative cost of uplink vs downlink transmission, we have the following for T_simul, the total bandwidth using simulcast: 

T_simul = f*(H + M + H + T + (N-2)*T) + N0*(H + T * (N-2)) + N1*(M + T * (N-2)) 

And the following for T_shvc, the total bandwidth using SHVC: 

T_shvc = f*((H + M)*(1-a) + H + T + (N-2)*T) + (N0-1)*(H*(1+b) + T * (N-2)) + (H + T * (N-2)) + N1*(M + T * (N-2))

Subtracting T_shvc from T_simul and simplifying the difference, we have the following: 

T_simul – T_shvc 

= (f*(H + M ) + (N0-1)*H)  – (f*(H + M)*(1-a) + (N0-1)*H*(1+b))
= f * (H + M) * a – (N0 – 1) * H * b

Substituting a = 0.27, b = 0.24, M ≈ 0.5H (see the latest TR26.948 in Tdoc S4-151084), and f = 2.375 (see Section 2), we have the following:
T_simul – T_shvc 

≈ 0.64 (H + M) – 0.24 * (N0 – 1) * H

≈ 0.96 H – 0.24 * (N0 – 1) * H

For SHVC to have overall bandwidth reduction over simulcast, that is, T_simul – T_shvc ≥ 0, we should have 4 or fewer premium UEs in the MMVC/telepresence session, i.e. N0 ≤ 5 should be true. Otherwise, if N0 > 5, then SHVC results in higher overall bandwidth than HEVC simulcast. Note that this is basically the same conclusion as above, since in the above analysis N0 does not include the current active speaker, whereas N0 here includes the current active speaker. 
To summarize, for Case A, the conclusion is that SHVC outperforms simulcast if, excluding the current active speaker, an MMVC/telepresence session has 4 or fewer premium UEs. 
3.2 Case B 

No additional notations are necessary for Case B. Table 4 shows uplink/downlink bandwidth depending on the UE type and codec choice. 

Table 4. Uplink and downlink traffic using simulcast and SHVC for each UE type for Case B 
	
	UE type
	Simulcast
	SHVC

	Uplink
	Active speaker
	M
	M

	
	Last active speaker
	M + T
	(M + T) * (1-a)

	
	All other UEs
	(N-2) * T
	(N-2) * T

	Downlink 
	Current active speaker 
	M + T * (N-2)
	M * (1+b) + T * (N-2)

	
	All other UEs
	(N-1) * (M + T * (N-2))
	(N-1) * (M + T * (N-2))


Factoring in f, the relative cost of uplink vs downlink transmission, we have the following for T_simul, the total bandwidth using simulcast: 

T_simul = f*(M + M + T + (N-2)*T) + (M + T * (N-2)) + (N-1)*(M + T * (N-2)) 

And the following for T_shvc, the total bandwidth using SHVC: 

T_SHVC = f*(M + (M + T)*(1-a) + (N-2)*T) + (M*(1+b) + T * (N-2)) + (N-1)*(M + T * (N-2))

Subtracting T_SHVC from T_simul and simplifying the difference, we have the following: 

T_simul – T_shvc 

= (f*(M+T) + M) – ((f*(M+T)*(1-a) + M*(1+b))
= f * (M+T) * a – M * b

Substituting a = 0.067, b = 0.13, T ≈ 0.2M (see Tdoc S4-151317), and f = 2.375 (see Section 2), we have the following:
T_simul – T_shvc 
≈ 0.16 (M + T) – 0.13 * M

≈ 0.19 M – 0.13 M 

≈ 0.06 M 

Note that the above T_simul – T_shvc is always greater than 0. In other words, SHVC always outperforms simulcast for Case B.

3.3 Case C 

The following additional notations are defined for Case C: 
· N0: total # of premium UEs receiving high quality video (not counting current active speaker)

· N1: total # of regular UEs and current active speaker
And substituting “a” and “b” as defined above with the following: 
· a1:  performance gain of SHVC over simulcast when coding the two video resolutions of the current active speaker (H and M) 

· b1: performance penalty of SHVC versus single layer when coding the two video resolutions of the current active speaker (H and M)
· a2:  a: performance gain of SHVC over simulcast when coding the two video resolutions of the past active speaker (M and T)
· b2: performance penalty of SHVC versus single layer when coding the two video resolutions of the past active speaker (M and T)
Based on the discussion in section 3.1, in this section we only analyze the case when the current active speaker is not included in N0, as the conclusion holds regardless of whether the current active speaker is included in N0 or not.

Table 5. Uplink and downlink traffic using simulcast and SHVC for each UE type for Case C 
	
	UE type
	Simulcast
	SHVC

	Uplink
	Active speaker
	H + M
	(H + M) * (1-a1)

	
	Last active speaker
	M + T
	(M + T) * (1-a2)

	
	All other UEs
	(N-2) * T
	(N-2) * T

	Downlink 
	Premium UEs
	N0 * (H + T * (N-2))
	N0 * (H * (1+b1) + T * (N-2))

	
	Current active speaker
	M + T * (N-2)
	M * (1+b2) + T * (N-2)

	
	All other UEs 
	(N1-1)* (M + T * (N-2))
	(N1-1) * (M + T * (N-2))


Factoring in f, the relative cost of uplink vs downlink transmission, we have the following for T_simul, the total bandwidth using simulcast: 

T_simul = f*(H + M + M + T + (N-2)*T) + N0*(H + T * (N-2)) + M + T * (N-2) + (N1-1)*(M + T * (N-2))
And the following for T_shvc, the total bandwidth using SHVC: 

T_SHVC = f*((H + M)*(1- a1) + (M + T)*(1- a2)+ (N-2)*T) + N0*(H*(1+b1) + T * (N-2)) + M * (1+b2) + T * (N-2) + (N1-1)*(M + T * (N-2))
Subtracting T_shvc from T_simul and simplifying the difference, we have the following: 

T_simul – T_shvc 
= f*(H + M + M + T) + N0*H + M – (f*((H + M)*(1- a1) + (M + T)*(1- a2)) + N0*H*(1+b1) + M*(1+b2))

= f * ((H+M) * a1 + (M+T)*a2) – N0*H*b1 – M * b2
Substituting a1 = 0.27, b1 = 0.24, M ≈ 0.5H (see the latest TR26.948 in Tdoc S4-151084), a2 = 0.067, b2 = 0.13, T ≈ 0.2M ≈ 0.1H (see Tdoc S4-151317), and f = 2.375 (see Section 2), we have the following:
T_simul – T_shvc 
≈ 2.375 * (1.5H * 0.27 + 0.6H * 0.067) – N0 *H* 0.24 – 0.5*H*0.13
≈ 1.057H – N0*H* 0.24 – 0.065*H 

≈ 0.99H – N0*H* 0.24  
For SHVC to have overall bandwidth reduction over simulcast, that is, T_simul – T_shvc ≥ 0, we should have 4.13 or fewer premium UEs in the MMVC/telepresence session, i.e. N0 ≤ 4.13 should be true. Otherwise, if N0 > 4.13, then SHVC results in higher overall bandwidth than HEVC simulcast. 

Therefore, the conclusion for Case C is similar to that for Case A. 

4 Summary
In this document we analyzed the cost/benefit of using SHVC vs. simulcast by taking into account the numbers of premium and regular UEs in an MMVC/telepresence session. Three cases of MMVC/telepresence are considered; the conclusion for each of these three cases is summarized as follows: 

· Case A: a high resolution and a medium resolution video for the current active speaker are coded using either SHVC or HEVC simulcast (see the latest version of TR 26.948 in Tdoc S4-151084. For this case, if there are 4 or fewer premium UEs (not including the current active speaker) in the MMVC/telepresence, then SHVC outperforms simulcast. 

· Case B: a medium resolution video and a thumbnail video for the previous active speaker are coded using either SHVC or HEVC simulcast (see the MMCMH permanent document in Tdoc S4-150822). For this case, SHVC always outperforms simulcast.  

· Case C: a combination of Case A and Case B, where a high resolution and a medium resolution video for the current active speaker are coded using either SHVC or HEVC simulcast, and a medium resolution video and a thumbnail video for the previous active speaker are coded using either SHVC or HEVC simulcast. For this case, if there are 4.13 or fewer premium UEs (not including the current active speaker) in the MMVC/telepresence session, then SHVC outperforms simulcast. 
Finally, it is worth noting that the relative cost of uplink transmission vs downlink transmission is an important factor in deciding if and when SHVC provides overall bandwidth savings. In this document, this factor is calculated considering only 3G and 4G cellular networks. If home networks are also considered, the relative cost will increase, leading to increased benefits from using SHVC. 

Reference  
1. http://www.cnet.com/news/4g-lte-showdown-how-fast-is-your-carrier/
2. http://www.phonearena.com/news/4G-LTE--3G-cellular-data-speed-comparison-AT-T-vs-Verizon-Wireless-vs-Sprint-vs-T-Mobile_id64056
3. https://www.cox.com/aboutus/policies/speeds-and-data-plans.html
4. http://www.timewarnercable.com/en/plans-packages/internet/internet-service-plans.html
5. http://www.att.net/speedtiers
- 1/9 -

