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1
Introduction
The new Codec for Enhanced Voice Services (EVS) comprises a multitude of modes, bit rates and audio bandwidths. Without agreed guidelines transcoding-free interworking between different network operators or different access conditions is not guaranteed.
This document proposes the so called “Onion Principle” for both, the Codec Negotiation (SIP/SDP) 
and User Plane signaling (CMR) for EVS. 
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An onion can be peeled shell by shell, until the inner kernel is reached. Every middle-shell “n” includes always the kernel and all shells below and up to shell “n”.
Although many other models may be used to deploy EVS, the Onion Principle seems to be the simplest solution to guarantee interworking in all circumstances between all accesses and all operators.

The kernel of the EVS-Onion is in that picture the EVS-NB-VBR(5.90), i.e. with narrowband quality. The outer skin is the Full-Band mode with 128 kbps.

2
Recap: Interworking Compatibility for AMR and AMR-WB
For AMR and AMR-WB the onion is degenerated to a scalar model of layers.

Interworking between different access networks and/or different network operators is easily guaranteed for AMR and AMR-WB, if all use the same basic mode-sets, such as AMR(mode-set=0,2,4,7) and AMR-WB(all modes). All important smaller subsets, which may be needed due to access restrictions, are included. User Plane signaling by CMR can be used to adapt both sides to each other fast and seamless.
Maximum Rate Control for AMR and AMR-WB is in its purest form achieved by exchanging so called “Codec Mode Requests” (CMR). Maybe a better name would be “Codec Mode Restriction”, as CMR request to use only rates not higher than specified by the CMR-value. All lower rates up to the rate signaled by CMR are allowed. In cases of AMR and AMR-WB we have an one-to-one relationship between Codec Mode and Bit Rate. For that reason we could code the maximum rate by the corresponding mode-index in CMR. 
AMR and AMR-WB are disjunctive Codecs, switching between both is not possible by User Plane signaling.
	Rate
	AMR
	
	Rate
	AMR-WB

	
	
	
	23.85
	CMR-AW-8

	12.2
	CMR-AN-7
	
	23.05
	CMR-AW-7

	10.2
	CMR-AN-6
	
	19.85
	CMR-AW-6

	7.95
	CMR-AN-5
	
	18.25
	CMR-AW-5

	7.40
	CMR-AN-4
	
	15.85
	CMR-AW-4

	6.70
	CMR-AN-3
	
	14.85
	CMR-AW-3

	5.90
	CMR-AN-2
	
	12.65
	CMR-AW-2

	5.15
	CMR-AN-1
	
	8.85
	CMR-AW-1

	4.75
	CMR-AN-0
	
	6.60
	CMR-AW-0



Table 2-1: All possible bit rates and audio bandwidth for the AMR and AMR-WB
The green shaded Codec Modes are the recommended ones in CS.
Note: At RAB Assignment the RNC has the freedom to select a sub-set of the AMR(0,2,4,7), i.e. AMR(0,2), e.g. if SF=128 is not available due to overload and SF=256 must be used. In case of AMR-WB(0,1,2,8) the RNC would need to use SF=64, or select a subset, i.e. AMR-WB(0,1,2) with SF=128. 
In both cases the AMR-Onions are peeled by the RNC, but the kernels and TrFO remain preserved.
In the following the EVS AMR-WB IO modes (in short EVS-IO) are not shown explicitly, but they are of course always present in every EVS implementation/application. The different EVS-Onion shells do, however, include different subsets of the EVS-IO, as the maximum bit rate allows.
3
Interworking Compatibility for EVS
For EVS we don’t have this simple scalar relationship as for AMR and AMR-WB any longer.
The EVS-onion is two-dimensional. 
We need to differentiate between Maximum Rate Control and Maximum (Audio) Bandwidth Control.

For a given bit rate the EVS Codec supports different audio bandwidths, like for rate 24.4 kbps the Codec has the EVS primary modes for NB, WB, SWB and FB audio bandwidth.
	Rate
	NB
	WB
	SWB
	FB

	128
	
	CMR-WB11
	CMR-SWB-11
	CMR-FB-11

	96
	
	CMR-WB-10
	CMR-SWB-10
	CMR-FB-10

	64
	
	CMR-WB-9
	CMR-SWB-9
	CMR-FB-9

	48
	
	CMR-WB-8
	CMR-SWB-8
	CMR-FB-8

	32
	
	CMR-WB-7
	CMR-SWB-7
	CMR-FB-7

	24.4
	CMR-NB-6
	CMR-WB-6
	CMR-SWB-6
	CMR-FB-6

	16.4
	CMR-NB-5
	CMR-WB-5
	CMR-SWB-5
	CMR-FB-5

	13.2
	CMR-NB-4
	CMR-WB-4
	CMR-SWB-4
	

	9.6
	CMR-NB-3
	CMR-WB-3
	CMR-SWB-3
	

	8.0
	CMR-NB-2
	CMR-WB-2
	 
	

	7.2
	CMR-NB-1
	CMR-WB-1
	 
	

	5.9 (VBR)
	CMR-NB-0
	CMR-WB-0
	 
	


Table 3-1: All possible bit rates and audio bandwidths for the EVS Primary mode of operation 
(except the 13.2 Channel Aware modes)

Therefore the CMR-signaling needs different code points for all these. In Table 3-1 they have been named symbolically according/similar to TS 26.445 Table A.3: Structure of CMR.
Despite the two-dimensional nature of the EVS-Onion one single CMR-value is sufficient to identify the outer shell for maximum rate and maximum bandwidth. That model holds as long as the onion is complete, i.e. all inner shells are allowed in a given call, up to the wanted outer shell.
Example 1: CMR-FB-6 would allow all modes up to 24.4 kbps and up to Full Band audio bandwidth, also the inner kernel of VBR(5.90), addressed by CMR-NB-0.
Example 2: CMR-SWB-4 would allow NB, WB and SWB quality up to 13.2 kbps:
	Rate
	NB
	WB
	SWB
	FB

	128
	
	
	
	CMR-FB-11

	96
	
	
	
	CMR-FB-10

	64
	
	
	
	CMR-FB-9

	48
	
	
	
	CMR-FB-8

	32
	
	
	
	CMR-FB-7

	24.4
	CMR-NB-6
	CMR-WB-6
	CMR-SWB-6
	CMR-FB-6

	16.4
	CMR-NB-5
	CMR-WB-5
	CMR-SWB-5
	CMR-FB-5

	13.2
	CMR-NB-4
	CMR-WB-4
	CMR-SWB-4
	

	9.6
	CMR-NB-3
	CMR-WB-3
	CMR-SWB-3
	

	8.0
	CMR-NB-2
	CMR-WB-2
	 
	

	7.2
	CMR-NB-1
	CMR-WB-1
	 
	

	5.9 (VBR)
	CMR-NB-0
	CMR-WB-0
	 
	



Table 3-2: The EVS-Onion resulting from CMR-SWB-4 == EVS-SWB-4
Proposal: name each of the EVS-Onions by the upper right corner, e.g. EVS-SWB-4, which is defined either by SIP/SDP signaling or the corresponding CMR-value (CMR-SWB-4).
Example 3: CMR-WB-2 allows NB and WB up to 8 kbps, see the resulting EVS-Onion below.

	Rate
	NB
	WB
	SWB
	FB

	128
	
	
	
	CMR-FB-11

	96
	
	
	
	CMR-FB-10

	64
	
	
	
	CMR-FB-9

	48
	
	
	
	CMR-FB-8

	32
	
	
	
	CMR-FB-7

	24.4
	CMR-NB-6
	CMR-WB-6
	CMR-SWB-6
	CMR-FB-6

	16.4
	CMR-NB-5
	CMR-WB-5
	CMR-SWB-5
	CMR-FB-5

	13.2
	CMR-NB-4
	CMR-WB-4
	CMR-SWB-4
	

	9.6
	CMR-NB-3
	CMR-WB-3
	CMR-SWB-3
	

	8.0
	CMR-NB-2
	CMR-WB-2
	 
	

	7.2
	CMR-NB-1
	CMR-WB-1
	 
	

	5.9 (VBR)
	CMR-NB-0
	CMR-WB-0
	 
	


Table 3-3: The EVS-Onion resulting from CMR-WB-2 == EVS-WB-2
Important is that calls between these different EVS-Onions are always possible without transcoding, 
i.e. with best possible voice quality and lowest network effort under the given constraints.

Important rule – similar as for AMR and AMR-WB: after receiving a CMR-“corner”-value all bit rates equal or below and all bandwidths equal or left in this tables are also allowed for the Media-Sender.
 
With other words: 
Every smaller EVS-Onion that fits fully into the allowed EVS-Onion is also allowed.
The smaller EVS-Onions are automatically avoided, if the radio and network conditions are good enough.
4
Various Call Scenarios
4.1
VoLTE<=>VoLTE call with EVS-SWB only
Let’s assume one network operator X wants to provide a premium service to selected customers and wants to guarantee good SWB quality at a maximum bit rate of 24.4. 
How does that fit to the Onion Principle?
First of all the EVS-Onion would shrink – be peeled – to a smaller onion by SIP/SDP Codec Negotiation at call setup, see Table 4.1-1.
	Rate
	NB
	WB
	SWB

	24.4
	CMR-NB-6
	CMR-WB-6
	CMR-SWB-6

	16.4
	CMR-NB-5
	CMR-WB-5
	CMR-SWB-5

	13.2
	CMR-NB-4
	CMR-WB-4
	CMR-SWB-4

	9.6
	CMR-NB-3
	CMR-WB-3
	CMR-SWB-3

	8.0
	CMR-NB-2
	CMR-WB-2
	 

	7.2
	CMR-NB-1
	CMR-WB-1
	 

	5.9 (VBR)
	CMR-NB-0
	CMR-WB-0
	 



Table 4.1-1: All possible bit rates and audio bandwidths for the EVS-Onion EVS-SWB-6 

Note 1: The origination SIP/SDP Offer could characterize the originating EVS-Onion by one single CMR-value, CMR-SWB-6. The defined SIP/SDP signaling allows this; it allows much more, not needed in the Onion principle.
Note 2: If the call is setup between two operators with different strategies (i.e. different EVS-Onions), then a smaller EVS-Onion would be selected as common base. The call setup would always end in the optimal EVS-Onion under these conditions.

Let’s assume the call is an intra-network X call. Can operator X guarantee that SWB is used all call long with high quality? Not really guarantee to 100%.
It is, however, possible to provide sufficient radio resources to make the likelihood for SWB very high.
Note: Life networks are complex and inhomogeneous. There are always regions with lower coverage, or temporary higher load, or areas inside buildings that have not sufficient quality. These areas may be small, but they are in principle not avoidable. 
Operator X may spend all effort to reduce or minimize these dark spots in the network.
That is the way to differentiate, while keeping interworking simple and always guaranteed.
If operator X would eliminate (by SIP Negotiation) the inner layers of the EVS-Onion, trying to force SWB, then the gain would be small: if the network is sufficiently good, then the EVS would anyway not use the inner layers, so no difference. If the network is (in some region for some time) not good enough, e.g. the available channel capacity falls below 9.6 kbps, then the call would have to be terminated or live with a high loss rate, because it could not escape to lower rates.
Claim: 
The operator may stuff the network sufficiently, such that the call uses the outer skin of the negotiated EVS-Onion to the largest possible extend. 
Eliminating the inner layers of the onion has no advantages for voice quality.
This EVS-SWB-Onion requires that both users have subscribed to this premium service and the network(s) support it.

4.2
VoLTE<=>VoLTE call between different subscriptions
Let’s assume User 1 has subscribed to the EVS-SWB service and has an EVS-SWB phone, while User 2 has just an EVS-NB subscription, or UE 2 has only a cost-reduced audio-IO with EVS-NB quality. 

How is SIP Negotiation working and what is the result?
UE1 offers the EVS-SWB-11 (128 kbps) and User 2 the EVS-NB-6 (24.4 kbps). 
The network X allows the EVS-SWB-6 (24.4 kbps) at maximum.
Network X checks the subscriptions and limits its offer to UE2 to EVS-NB-6.
The overlapping region is the EVS-NB-6 and this is selected EVS-Onion end-to-end. 

Since UE2 does not offer more than EVS-NB-6 it is not necessary to allocate more channel capacity.

Important is: as long as both sides and all networks in the path follow the Onion principle the call setup is always immediately possible without renegotiation and without transcoding!
Note: This example with different subscriptions is just used for discussion purposes.

5
VoLTE<=>VoCS call with EVS

Let’s assume EVS is supported in CS-UTRAN with three different Spreading Factors, SF=256, SF=128 and SF=64, see other contributions.

The EVS-Onion principle would mean that we need just three different EVS-Onions, one for each spreading factor. EVS-FB-6 for SF=64, EVS-SWB-4 for SF=128 and EVS-WB-2 would mark the outer EVS-Onion-Skins for these three spreading factors. These are marked in red in the Table 5-1 below with the corresponding CMR-values.

	Rate
	NB
	WB
	SWB
	FB

	24.4
	CMR-NB-6
	CMR-WB-6
	CMR-SWB-6
	CMR-FB-6

	16.4
	CMR-NB-5
	CMR-WB-5
	CMR-SWB-5
	CMR-FB-5

	13.2
	CMR-NB-4
	CMR-WB-4
	CMR-SWB-4
	

	9.6
	CMR-NB-3
	CMR-WB-3
	CMR-SWB-3
	

	8.0
	CMR-NB-2
	CMR-WB-2
	 
	

	7.2
	CMR-NB-1
	CMR-WB-1
	 
	

	5.9 (VBR)
	CMR-NB-0
	CMR-WB-0
	 
	


Table 5-1: All possible bit rates and audio bandwidths for the EVS over CS.

Call setup between all VoLTE subscriptions and all CS-channels in all thinkable combinations would always be possible immediately without transcoding. The voice quality would always be optimal under the given constraints.

Every operator would have the freedom to provide the service quality he believes in and would have the duty to provide sufficient radio capacity/coverage/quality for the service he wants to offer. The “escape” to lower rates and lower audio bandwidth is always given for circumstances beyond the control of the operator.

Signaling in the CS Core Network, i.e. between the MSCs, would be as simple as for AMR-WB: only three different Configurations needed: some few bits to code them. It is just needed to offer the biggest wanted/supported Onion – smaller EVS-Onions would automatically be included – and receive the selected EVS-Onion back.
If the MSC sends a RAB Assignment with e.g. EVS-FB-6, then the RNC may use one of these three SFs and the call would be always setup in TrFO, with Rate Control limiting the maximum bit rate.

NOTE: Current signaling between RNC and MSC does not provide any means to determine the current, dynamically changing maximum rate (or SF) the RNC can provide for the call. The MSC can therefore not know at call setup and at starting of the Codec Negotiation for the call, which EVS-Onion would be active at the end.


If we would allow different classes of EVS-UEs, e.g. some high-end UEs with FB quality, some with SWB quality, some with WB and some low end with only NB quality, then it would be best, if the UE would disclose its bandwidth-capabilities before call setup. Otherwise the network may allocate a too high bandwidth in UTRAN and Core, which is then not used afterwards.

This is currently not needed for AMR and AMR-WB, as the Codec Type is strictly related to the audio bandwidth. 
It is currently not supported by UE<=>MSC signaling (TS 24.008) that the UE would indicate different “flavors” of a Codec Type. It would be rather easy to extend the signaling, if found necessary. The signaling between UE and MSC (i.e. the UE Supported Codec List) would then to be evolved for EVS. Either we need e.g. four different Codec (sub-) types for EVS, or we need e.g. an additional Information Element (IE) to differentiate. This extension would not necessarily affect the RNC.
6
Disadvantages if not following the Onion Principle

The standardized SIP/SDP Signaling for EVS allows many ways to deploy the EVS Codec. For example the lower bit rates could be excluded. Or the lower audio bandwidths could be excluded. In the picture of the onion this would mean the kernel is removed and the EVS-onion has a hole.
PLEASE don’t call such a configuration an EVS-Onion!
	Rate
	NB
	WB
	SWB
	FB

	24.4
	
	
	CMR-SWB-6
	

	16.4
	
	
	CMR-SWB-5
	

	13.2
	
	
	CMR-SWB-4
	

	9.6
	
	
	CMR-SWB-3
	

	8.0
	
	
	 
	

	7.2
	
	
	 
	

	5.9 (VBR)
	
	
	 
	


Table 6-1: Example of an EVS-Configuration that is not following the Onion principle

It is obvious that such a deployment would immediately create a lot of opportunities for interworking problems between networks or even between different access technologies within one network. 
For example handover from such an EVS-Configuration to e.g. an UTRAN/SF=256 channel is not possible without transcoding or Codec renegotiation.
If one operator of the example in chapter 4.2 insists on EVS-SWB-only and the other operator insists on EVS-NB-only, then either no call setup is possible, or transcoding needs to be inserted. Transcoding between EVS-SWB and EVS-NB would unavoidably result in a quality below EVS-NB (!) and unnecessary wasting of network resources. It would further have to be clarified, which operator has to take the burden of transcoding, i.e. one of both would have to accept the other operator’s EVS configuration anyway. Or both need to transcode to a commonly accepted interface Codec. Which one could that be? Anything else than uniform PCM with 48 kHz sampling and 16 bit resolution, i.e. 768 kbps would degrade the voice quality even further. But such a Codec is not foreseen today – for good reasons. 
Another escape out of the dilemma would be that the originating operator offers EVS with different Configurations at call setup in the hope the other, terminating partner would at least find one of these acceptable. We have this approach today for AMR and AMR-WB, which are offered in various forms, e.g. with and without octet alignment and so on: a waste of signaling capacity without any obvious gain.

The discussion could be continued, but it is not likely that any simpler or better solution that the Onion principle can be found.

7
The complete EVS including the AMR-WB IO modes

It is now a small step to include the EVS AMR-WB IO modes (EVS-IO in short) into this EVS-Onion. This is important for the call cases, where the remote partner supports AMR-WB, but not EVS and especially for (remote) handover cases.
Due to historical reasons AMR-WB in CS would need to be represented with two overlapping onions. These two share only the kernel (three lower modes) while having different outer skins. For VoLTE it is still under discussion, which modes to include. One proposal is to include all 9 modes (i.e. the Open Answer). This would have to be represented with a third, overlapping onion, again sharing the three lower modes with CS networks.
It seems to be a matter of fact that no life UTRAN network today uses AMR-WB with modes higher than AMR-WB(12.65) == CMR-IO-2. It could be discussed to remove the two higher modes from 3GPP standards for CS networks, as EVS will be a better Codec for these higher bit rate ranges. If commonly agreed, then the EVS-Onion for CS could be simplified, but that is not essentially needed. For simplicity it is assumed in this paper that only the three lower modes are included in the EVS-Onion for CS.
Table 7-1 shows the complete EVS-Onion for CS networks with all bit rates up to 24.4 kbps.

	Rate
	NB
	IO
	WB
	SWB
	FB

	24.4
	CMR-NB-6
	
	CMR-WB-6
	CMR-SWB-6
	CMR-FB-6

	16.4
	CMR-NB-5
	
	CMR-WB-5
	CMR-SWB-5
	CMR-FB-5

	13.2
	CMR-NB-4
	
	CMR-WB-4
	CMR-SWB-4
	

	12.65
	
	CMR-IO-2
	
	
	

	9.6
	CMR-NB-3
	
	CMR-WB-3
	CMR-SWB-3
	

	8.85
	
	CMR-IO-1
	
	
	

	8.0
	CMR-NB-2
	
	CMR-WB-2
	 
	

	7.2
	CMR-NB-1
	
	CMR-WB-1
	 
	

	6.60
	
	CMR-IO-0
	
	
	

	5.9 (VBR)
	CMR-NB-0
	
	CMR-WB-0
	 
	


Table 7-1: The EVS-Onion over CS-UTRAN, including EVS-IO, SF=64
	Rate
	NB
	IO
	WB
	SWB

	13.2
	CMR-NB-4
	
	CMR-WB-4
	CMR-SWB-4

	12.65
	
	CMR-IO-2
	
	

	9.6
	CMR-NB-3
	
	CMR-WB-3
	CMR-SWB-3

	8.85
	
	CMR-IO-1
	
	

	8.0
	CMR-NB-2
	
	CMR-WB-2
	 

	7.2
	CMR-NB-1
	
	CMR-WB-1
	 

	6.60
	
	CMR-IO-0
	
	

	5.9 (VBR)
	CMR-NB-0
	
	CMR-WB-0
	 


Table 6-2: The EVS-Onion over CS-UTRAN, including EVS-IO, SF=128
	Rate
	NB
	IO
	WB

	8.85 ?
	
	CMR-IO-1 ?
	

	8.0
	CMR-NB-2
	
	CMR-WB-2

	7.2
	CMR-NB-1
	
	CMR-WB-1

	6.60
	
	CMR-IO-0
	

	5.9 (VBR)
	CMR-NB-0
	
	CMR-WB-0


Table 6-3: The EVS-Onion over CS-UTRAN, including EVS-IO, SF=256

Here it is than questionable, whether the EVS-IO(8.85) can be included in this spreading factor.

8
Conclusion

This document proposes for EVS the so called “Onion Principle” for Codec Negotiation at setup and for User Plane signaling during the call. The EVS-Onion is two-dimensional. 

It is necessary to differentiate between Maximum Rate Control and Maximum (Audio) Bandwidth Control.
One single CMR-value is sufficient to identify the shell for maximum rate and maximum bandwidth. 
That model holds as long as the EVS-Onion is complete, i.e. all inner shells are allowed in a given call, up to the wanted outer shell. 
The SIP/SDP signaling (or the corresponding CS-signaling) defines the maximum EVS-Onion that can be used during the call. Shrinking the EVS-Onion is possible by CMR signaling, but no extension of the EVS-Onion is allowed without SIP/SDP renegotiation.
This would have some implications on the way the standardized SIP/SDP Signaling for EVS is applied. The signaling specification may stay as it is, but the Onion Principle should be added as guideline how to apply it.
Every smaller EVS-Onion that fits fully into the allowed EVS-Onion is also allowed. Both sides of the call and all network elements within the speech path may use this Onion Principle during the call to reduce or increase the temporarily allowed EVS-Onion.
An Operator may spend all effort to reduce dark spots in the network to keep a wanted service quality level, i.e. keep the EVS-Onion at the wanted size. That is the way to differentiate, while keeping interworking with other networks simple and always guaranteed. As long as both partners follow the Onion principle the call setup is always immediately possible without transcoding! 

Also any succeeding handover will always result in transcoding free continuation, provided the target access supports EVS or AMR-WB.
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