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1. Introduction

The motivation of the EVSoCS Work Item is to allow 3G CS users to benefit from enhanced speech quality and better cell-capacity (coverage) due to EVS. A key affected specification is TS 26.103, which specifies the codec list for OoBTC protocol within the CS-Core needed for setting up a TrFO call. The codec list bit map (currently 16 bit) is also used in codec negotiation on the radio interface according to TS 48.008.
In this contribution, we address mainly changes relating to items relevant for TS 26.103.

In a liaison from RAN2 to SA4 (R2-150598), RAN2 highlights the following points for consideration:

· From a RAN2 point of view a maximum bit rate of 24.4kbps is an acceptable upper limit and can be supported by existing RAB parameters (e.g. TFCIs).

· RAN2 has a preference to limit the number of codec rates per RAB.  A large number of codec rates would introduce complexity and test issues.

· In addition to limiting the number of codec rates, RAN2 recommends to initially focus on the AMR-WB IO modes and rates that are available in the UE conformance test specs.

· RAN2 strongly recommends to limit the number of new code points for EVS code type. indication/negotiation in order to avoid any impacts to the RRC signaling and ASN.1.  
The current NAS synchronization indicator has one spare value remaining (unless other existing code points can be re-used, e.g. in case certain codec types are found not to be used, today or in the future).

2. Codec Type and Code Point and Mode Sets in the Codec List
TS 26.103 (3GPP Codec List for OoBTC in a BICC-based Circuit Switched Core Network) contains among others the specification of codec types (Table 4.1), code points (Table 4.2) and configurations (mode sets) for the codec types. 
We discuss here the necessary modifications to include EVS. 
The modified Table 4.1 shows the inclusion of UMTS_EVS codec type. Modified Table 4.2 shows the code point for EVS on UTRAN radio interface. 

Modified Table 4.1: Support of Codec Types in Radio Access Technologies
	
	TDMA EFR
	UMTS
AMR 2
	UMTS AMR
	(GSM)
HR AMR
	(GSM)
FR AMR
	GSM EFR
	GSM 
HR
	GSM 
FR

	CoID
	0x07
	0x06
	0x05
	0x04
	0x03
	0x02
	0x01
	0x00

	GERAN
GMSK


	not defined
	not possible
	not possible
	yes,
1..4 modi
	yes,
1..4 modi
	yes
	yes
	Yes

	GERAN
8PSK


	not defined
	not possible
	not possible
	not defined
	not defined
	not defined
	not defined
	not defined

	UTRAN
	not defined

	yes,
1..8 modi
1..4 modi recomm.
	R99, UTRAN-only UEs
	not defined
	not defined
	not defined
	not defined
	not defined


	
	Codec Extension
	UMTS

EVS
	OHR
AMR-WB
	OFR
AMR-WB
	OHR
AMR
	UMTS
AMR-WB
	FR
AMR-WB
	PDC EFR

	CoID
	0x0F
	0x0E
	0X0D
	0x0C
	0x0B
	0x0A
	0x09
	0x08

	GERAN
GMSK


	reserved
	not defined
	not defined
	not defined
	not defined
	not possible
	yes3 modi
	not defined

	GERAN
8PSK


	reserved
	not defined
	yes,

3 modi
	yes,

3 modi
	yes,
1..4 modi
	not possible
	not defined
	not defined

	UTRAN
	reserved
	Yes
[TBD] modi

	not defined
	not defined
	not defined
	yes
3..4 modi
	not defined
	not defined


Modified Table 4.2: Defined Code Points

	Hexadecimal Notation 
	Binary 
Notation
	Codec Name
	Remark

	0x00h
	0x0000.0000
	GSM_FR
	

	0x01h
	0x0000.0001
	GSM_HR
	

	0x02h
	0x0000.0010
	GSM_EFR
	

	0x03h
	0x0000.0011
	(GSM) FR_AMR
	

	0x04h
	0x0000.0100
	(GSM) HR_AMR
	

	0x05h
	0x0000.0101
	UMTS_AMR
	

	0x06h
	0x0000.0110
	UMTS_AMR2
	

	0x07h
	0x0000.0111
	TDMA_EFR
	

	0x08h
	0x0000.1000
	PDC_EFR
	

	0x09h
	0x0000.1001
	(GSM) FR_AMR-WB
	

	0x0Ah
	0x0000.1010
	UMTS_AMR-WB
	

	0x0Bh
	0x0000.1011
	OHR_AMR
	

	0x0Ch
	0x0000.1100
	OFR_AMR-WB
	

	0x0Dh
	0x0000.1101
	OHR_AMR-WB
	

	0x0Eh
	0x0000.1110
	UMTS_EVS
	

	0x0Fh
	0x0000.1111
	Codec Extension
	For AoIP and TFO

	0x10h … 0xFCh
	0x0001.0012

…
0x1111.1100
	Spare, for future use
	

	
	
	
	

	0xFDh
	0x1111.1101
	CSData
	For AoIP only

	0xFEh
	0x1111.1110
	MuMe2
	For OoBTC only

	0xFFh
	0x1111.1111
	MuMe
	For OoBTC only


3. Mode Sets for EVS
In Table A below, an example of frame types is provided for information, including EVS rates up to 24.4 and some relevant AMR-WB IO modes (suitable for CS) as well. This is to show that the number of frame types to be supported (especially over the radio interface) can be quite large, thus complex in terms of RAB configuration and UE/RAN implementation. The table provides also the corresponding DL PHY Spreading Factors over the radio interface, which drive the main capacity constraints and trade-offs between lower and higher codec rates. For example, a SF=64 will provide half radio capacity (in terms of maximum number of OVSF codes, thus radio channels) compared to SF=128.
Table A: Interpretation of Frame Type,
Mode Indication and Mode Request fields (equivalent to Table 1a in TS 26.201)

	Frame content (EVS mode, comfort noise, or other)
	Associated DL Spreading Factor 
(= max theoretical # OVSF codes)

	EVS 5.9 kbit/s VBR (2.8+7.2+8+SID)
	SF=256 / 128 / 64

	EVS 7.2 kbit/s
	SF=256 / 128 / 64

	EVS 8 kbit/s
	SF=256 / 128 / 64

	EVS 9.6 kbit/s
	SF=         128 / 64

	EVS 13.2 kbit/s
	SF=         128 / 64

	EVS 16.4 kbit/s
	SF=                  64

	EVS 24.4 kbit/s 
	SF=                  64

	AMR-WB 6.60 kbit/s   
	SF=256 / 128 / 64

	AMR-WB 8.85 kbit/s   
	SF=         128 / 64

	AMR-WB 12.65 kbit/s 
	SF=         128 / 64

	AMR-WB 15.85 kbit/s  
	SF=                  64

	AMR-WB 23.85 kbit/s  
	SF=                  64

	AMR-WB-SID 2.0 kbit/s(1
	SF=256 / 128 / 64

	EVS-SID         2.4 kbit/s(1
	SF=256 / 128 / 64

	No_Data
	SF=256 / 128 / 64


(1 Note: the actual average bit rate is only 1/8th as SID frames are only transmitted each 8th frame.
A further modification to TS 26.103 is the introduction of EVS mode sets.
We list a number of items that are relevant in this context:

· By capacity reasons, a basic proposal is that SF=128 (or 256) are the spreading factors that could be required.

· Modesets have to be contiguous to be compatible with the EVS VoLTE side because of SDP parameters.

· Configuration 0 is the default. It covers EVS primary modes using SF=128 taking capacity constraints into account. This configuration includes bit rates where super-wideband (SWB) speech may be supported and includes the most important AMR-WB modes.

· The AMR-WB IO 12.65, 8.85 and 6.6 kb/s modes (deployed today) are included in the mode sets together with EVS primary modes.

· Configuration 1 targets a wider range of codec rates and covers bit rates where super-wideband (SWB) speech and high-quality audio may be supported; also fullband (FB) would be supported at the bit rates (16.4 and 24.4 kbps).

· Configuration 2 targets maximum capacity savings, e.g. allowing the DL PHY spreading factor to be SF=256 (for both EVS 5.9 kbps and AMR-WB IO mode 6.6 kbps) 
· In a mode set with bit rates that support various audio bandwidths, unless the audio bandwidth at the encoder or the decoder is limited, it is preferred to use that bit rate at the maximum possible bandwidth (i.e., for example 13.2 kbps mode should be used preferably at SWB). 
· As per legacy codecs,  other codec mode sets and RABs can be added in a flexible manner if needed, i.e. new RABs and test requirements can be added over time, based on commercial deployment and IOT availability.  
· Avoidance of mid-call RAB modification in case of EVS primary/AMR-WB IO mode switching suggests that no modeset switching should be required. This means that all modesets need to contain EVS primary and AMR-WB IO modes.
· The GBR must be defined such as to ensure operation with at least one EVS primary and one AMR-WB IO mode. Hence a minimum GBR has to be defined in association with the modesets, as follows:
minGBR = max(min(Primary_modes(modeset),min(IO_modes(modeset)))  
· GBR may be set to ensure a certain audio bandwidth guarantee. E.g. GBR = 9.6 if SWB needs to be guaranteed. 
The following Table X provides a proposal for allowed codec mode sets, following the approach of few limited mode sets, similarly to other codecs in TS 26.103.

Table X: Allowed Configurations for the UMTS_EVS Codec Type

	Configuration →
(Config-EVS-Code)

↓ Codec Mode 
	
0

(SF=128)
	
1
(SF=64)
	
2

(SF=256)
	
...
	
N

	24.4
	
	1
	
	...
	...

	16.4
	
	1
	
	
	

	13.2
	1
	1
	
	
	

	9.6
	1
	1
	
	
	

	8
	1
	(1)
	(1)
	
	

	7.2
	1
	(1)
	(1)
	
	

	5.9
	1
	(1)
	1
	
	

	AMR-WB IO modes
	
	
	
	
	

	23.85
	
	1
	
	
	

	15.85
	
	1
	
	
	

	12.65
	1
	1
	
	
	


	8.85
	1
	1
	
	
	

	6.60
	1
	1
	1
	
	


The "1" in the table indicates that the Codec Mode is included in the Active Codec Set of the Configuration. 
The “(1)” in the table means TBD: in fact, for configuration 1, a possible alternative could be to include only modes that support SWB, i.e. from 9.6 kb/s onward.
4. Proposal
According to the EVSoCS Project Plan v.0.2 in S4-150247, decision is scheduled on certain items for this meeting, so we propose SA4 agreeing on the following items:

1. One additional codec type UMTS_EVS and one additional code point UMTS_EVS will be introduced in Table 4.1 and 4.2 of TS 26.103, respectively.

2. The (default) configuration 0 of the UMTS_EVS codec type will be defined according to Table X in this document, i.e. it consists of EVS bit rates 5.9, 7.2, 8, 9.6, and 13.2 kb/s, and AMR-WB IO bit rates 6.6, 8.85, 12.65 kb/s with spreading factor SF=128.

3. An additional mode set 1 of the UMTS_EVS codec type will be defined according to Table X in this document, i.e. it consists of all EVS bit rates 5.9, 7.2,… 24.4 kb/s, and AMR-WB IO bit rates 6.6, 8.85, 12.65 kb/s, 15.85 and 23.85 with spreading factor SF=64.

4. An additional mode set 2 of the UMTS_EVS codec type will be defined according to Table X in this document, i.e. it consists of EVS bit rate 5.9 kb/s and potentially 7.2, 8 kb/s and AMR-WB IO bit rate 6.6 kb/s using SF=256.
In addition, we propose to inform RAN1/2/3, CT1/3/4 groups on the decision in an LS.
