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1
Introduction
EVS over Circuit Switched networks (EVSoCS) requires still some agreements for details.
It turned out that the EVS-modes with 24.4 kbps (EVS-NB-6, EVS-WB-6, EVS-SWB-6 and EVS-FB-6) are very close to the currently used limits in UTRAN. This net bit rate of 24.4 kbps in frames of 20ms length means that the size of one encoded speech data frame has 488 bit. Adding a 12-Bit CRC is necessary to keep the rate of undetected bad frames low. This gives together a block size of 500 bit.
Up to 504 bit per Traffic Block is regarded as "tested and verified" in real life networks. Radio transmission is in theory possible beyond that limit, but it is not used today. This is called the "504-problem" in this paper. SA4 companies are requested to check, whether they have the 504-problem.

For the case the 504-problem really exists, we present here a solution, where only 4 bits are used for coding of Codec Mode Requests (CMR) in the highest bit rate modes. This is less than the EVS-Onion EVS-FB-6, including EVS-IO-2, would require. Otherwise 6 or 7 bit can be used for CMR in UTRAN.
2
Recap: The three main EVS Onions for EVSoCS
Table 2-1 gives an overview over all EVS-Modes for UTRAN DL Spreading Factors SF=256, 128 and 64.
	Rate
	NB
	WB
	SWB
	FB

	24.4
	EVS-NB-6
	EVS-WB-6
	EVS-SWB-6
	EVS-FB-6

	16.4
	EVS-NB-5
	EVS-WB-5
	EVS-SWB-5
	EVS-FB-5

	13.2
	EVS-NB-4
	EVS-WB-4
	EVS-SWB-4
	

	9.6
	EVS-NB-3
	EVS-WB-3
	EVS-SWB-3
	

	8.0
	EVS-NB-2
	EVS-WB-2
	 
	

	7.2
	EVS-NB-1
	EVS-WB-1
	 
	

	5.9 (VBR)
	EVS-NB-0
	EVS-WB-0
	 
	


Table 2-1: All possible bit rates and audio bandwidths for the EVS over CS.

The corresponding CMRs are called e.g. "CMR-FB-6", if the Codec Mode "EVS-FB-6" is requested.

Table 2-2 shows all possible EVS AMR-WB IO modes. Only the three lower are used in EVSoCS.

	Rate
	AMR-WB
	EVS-IO

	23.85
	AMR-WB-8
	EVS-IO-8

	23.05
	AMR-WB-7
	EVS-IO -7

	19.85
	AMR-WB-6
	EVS-IO -6

	18.25
	AMR-WB-5
	EVS-IO -5

	15.85
	AMR-WB-4
	EVS-IO -4

	14.85
	AMR-WB-3
	EVS-IO -3

	12.65
	AMR-WB-2
	EVS-IO -2

	8.85
	AMR-WB-1
	EVS-IO -1

	6.60
	AMR-WB-0
	EVS-IO -0


Table 2-2: All possible bit rates and audio bandwidths for the EVS-AMR-WB IO (EVS-IO in short)

The corresponding CMRs are called e.g. CMR-IO-2, if EVS-IO-2 is requested.

3
CMR in all Speech and SID Frames (and some CMR-only frames)

In SA4#84, Rennes, it was agreed, based on long discussion and several discussion papers for AMR and AMR-WB, that the active CMR-value shall include in every RTP packet (with some exceptional rules for CMR=15).

Without repeating all the arguments (Distributed Rate Decision, fast CMR reaction, fast error recovery, backward-compatibility to AMR-WB on the remote side) it is suggested that also for EVS the specified 
7-bit active CMR shall be included in every RTP Packet for Speech frames, for SID frames and some rare CMR-Only packets. 
The active CMR shall also be included inside every Iu frame and on the UTRAN radio interface in uplink and downlink, permanently repeated, even if it does not change in value. 
The coding of the CMR in UTRAN may be adapted to the specific transport constraints, see the 504 problem.

4 
The 504 problem and some potential solution
As explained in the introduction the highest bit rate for EVSoCS, the 24.4 kbps mode, allows only 4 bit for CMR coding. Chapter 2 lists all EVS-Primary modes (20) and all proposed EVS-IO modes (3). For 23 different CMR values a CMR bit field of 5 bit would be required. That is one bit too much due to the 504 problem. Together with the CMR-values for the EVS-CA mode in WB and SWB (8+8 values) even 39 different CMR values need to be coded, requiring even a CMR bit field of 6 bit.
As said: if the 504 problem does exist in real life networks, then only 4 bit per frame are available.
The following considerations for EVS adaptation lead to a suggestion:

Strict requirements:

1. Fastest possible adaptation of bit rate and between EVS-Primary and EVS-IO modes
by the local UE on downlink CMR from the remote end; this is most important for 
remote SRVCC, remote handover and remote AMR-WB, e.g. in GERAN.
2. Reliable and error robust transmission of downlink CMR commands
3. Lowest possible system impact: simple solution

Relaxed requirements:

1. Audio bandwidth adaptation is less time critical and may happen with delay 

2. Adaptation of channel-aware modes is less time critical and may happen with delay 

3. Uplink CMR is less time critical, too.

Consequence and proposal, if the 504-problem is found serious:
During active speech the CMR signaling space is limited to the sub-space of bit rate changes and changes between EVS-primary mode and EVS-IO mode and a coarse adjustment of audio bandwidth between (NB/WB) or (SWB/FB). This allows coding this CMR sub-space with 4 bits during active speech, where it is most critical in terms of overhead. This 4-bit CMR solves the "504 problem".

Table 5-2 below shows one possible 4-bit CMR-coding during active speech:
	Code
	Definition

	T1
	D3
	d(dec)
	 CMR-
name
	requested rate

	0
	000
	0
	NB/WB-0
	5.9(VBR)

	
	001
	1
	NB/WB-1
	7.2

	
	010
	2
	NB/WB-2
	8.0

	
	011
	3
	NB/WB-3
	9.6

	
	100
	4
	NB/WB-4
	13.2

	
	101
	5
	NB/WB-5
	16.4

	
	110
	6
	NB/WB-6
	24.4

	
	111
	7
	
	(reserved)

	1
	000
	0
	IO-0
	6.60

	
	001
	1
	IO-1
	8.85

	
	010
	2
	IO-2
	12.65

	
	011
	3
	SWB-3
	9.6

	
	100
	4
	SWB-4
	13.2

	
	101
	5
	SWB/FB-5
	16.4

	
	110
	6
	SWB/FB-6
	24.4

	
	111
	7
	
	(reserved)


Table 5-2: Coding of the 4-Bit CMR during active speech

This 4-Bit CMR is sent in Uplink and Downlink between 3G-UE and MGW permanently in every active speech frame with 24.4 kbps. The three lower bits of the 4-bit CMR code are identical to the three lower bits of the 7-bit CMR code, see Annex. In all other active speech frames with less than 24.4 kbps a 6-Bit CMR is used or even the original 7-bit CMR.
During speech pauses a 6-Bit CMR or even the original 7-bit CMR is used, that allows coding the full CMR code-space for EVSoCS. This 6/7-Bit CMR value is included in every SID Frame and - if urgently needed for fast adaptation - in CMR-Only frames in UTRAN. CMR-Only frames are sent in RTP packets with the corresponding 7-Bit CMR value, but no data otherwise.

This CMR-coding is a local UTRAN feature. The MGW, which terminates the Iu-Interface, translates these 4-bit and 6-bit CMR values to/from the 7-Bit CMR values used in RTP. This translation of 7-bit CMR code values into 4-bit or 6-bit and vice versa is a trivial one-to-one mapping. Of course it would be simplest to use 7-bit CMR all the way.
Tables 5-3 below show one possible 6-Bit CMR-coding during speech pauses.

The three lower bits of the 6-bit CMR code are identical to the three lower bits of the original 7-bit CMR code, as specified in TS 2.445, see also Annex.

	Code
	Definition
	Code
	Definition

	T3
	D3
	d(dec)
	CMR-
name
	requested rate
	T3
	D3
	d(dec)
	CMR-name
	requested rate

	000
(0)
	000
	0
	NB-0
	5.9
	010
(2)
	000
	0
	IO-0
	6.60

	
	001
	1
	NB-1
	7.2
	
	001
	1
	IO-1
	8.85

	
	010
	2
	NB-2
	8.0
	
	010
	2
	IO-2
	12.65

	
	011
	3
	NB-3
	9.6
	
	011
	3
	SWB-3
	9.6

	
	100
	4
	NB-4
	13.2
	
	100
	4
	SWB-4
	13.2

	
	101
	5
	NB-5
	16.4
	
	101
	5
	SWB-5
	16.4

	
	110
	6
	NB-6
	24.4
	
	110
	6
	SWB-6
	24.4

	
	111
	7
	 
	reserved
	
	111
	7
	 
	reserved

	001
(1)
	000
	0
	WB-0
	5.9
	011
(3)
	000
	0
	 
	reserved

	
	001
	1
	WB-1
	7.2
	
	001
	1
	 
	reserved

	
	010
	2
	WB-2
	8.0
	
	010
	2
	 
	reserved

	
	011
	3
	WB-3
	9.6
	
	011
	3
	 
	reserved

	
	100
	4
	WB-4
	13.2
	
	100
	4
	 
	reserved

	
	101
	5
	WB-5
	16.4
	
	101
	5
	FB-5
	16.4

	
	110
	6
	WB-6
	24.4
	
	110
	6
	FB-6
	24.4

	
	111
	7
	 
	reserved
	
	111
	7
	 
	reserved


	Code
	Definition
	Code
	Definition

	T3
	D3
	d(dec)
	CMR-
name
	requested rate
	T3
	D3
	d(dec)
	CMR-name
	requested rate

	100
(4)
	000
	0
	WB-CA-L-O2
	13.2
	110
(6)
	000
	0
	 
	reserved

	
	001
	1
	WB-CA-L-O3
	13.2
	
	001
	1
	 
	reserved

	
	010
	2
	WB-CA-L-O5
	13.2
	
	010
	2
	 
	reserved

	
	011
	3
	WB-CA-L-O7
	13.2
	
	011
	3
	 
	reserved

	
	100
	4
	WB-CA-H-O2
	13.2
	
	100
	4
	 
	reserved

	
	101
	5
	WB-CA-H-O3
	13.2
	
	101
	5
	 
	reserved

	
	110
	6
	WB-CA-H-O5
	13.2
	
	110
	6
	 
	reserved

	
	111
	7
	WB-CA-H-O7
	13.2
	
	111
	7
	 
	reserved

	101
(5)
	000
	0
	SWB-CA-L-O2
	13.2
	111
(7)
	000
	0
	 
	reserved

	
	001
	1
	SWB-CA-L-O3
	13.2
	
	001
	1
	 
	reserved

	
	010
	2
	SWB-CA-L-O5
	13.2
	
	010
	2
	 
	reserved

	
	011
	3
	SWB-CA-L-O7
	13.2
	
	011
	3
	 
	reserved

	
	100
	4
	SWB-CA-H-O2
	13.2
	
	100
	4
	 
	reserved

	
	101
	5
	SWB-CA-H-O3
	13.2
	
	101
	5
	 
	reserved

	
	110
	6
	SWB-CA-H-O5
	13.2
	
	110
	6
	 
	reserved

	
	111
	7
	SWB-CA-H-O7
	13.2
	
	111
	7
	No_REQ 
	?


Tables 5-3: Coding of the 6-Bit CMR during speech pauses (or in stolen frames)

Note: Since in every Speech and SID frame the active CMR is permanently repeated, even if it does not change, the CMR code-point "No_REQ" is never used and should therefore be deleted.

5 
CMR Overhead
In the worst case scenario, where the EVS-VBR mode is deployed with an average bit rate of 5.9 kbps, the overhead on the radio interface due to the permanently repeated 7-bit CMR would be less than 6%. In all other EVS applications the overhead is even smaller, relative to the bit rates used.
6 
Proposal
Based on feedback from RAN in LS ... SA4 decides to use 7-Bit CMR in all Speech, SID and (some rare) CMR-only frames in UTRAN and on Iu, in uplink and in downlink.
If the 504-problem is found to be a serious threat for fast rollout of EVS in 3G, then the 4-Bit CMR is used in all speech frames with 24.4 kbps. The 7-Bit CMR is used otherwise.

The MGW, which terminates the Iu-Interface, translates the Iu-specific CMR to the 7-Bit CMR on Nb and Mb and vice versa.

This MGW also combines the RNC-Max-Rate restrictions for the downlink direction, if received by PDU Type 14 on the Iu-Interface, with the CMR received in uplink from the UE and sends only the resulting CMR on Nb to the next MGW within the Speech, SID and CMR-Only frames.

In downlink the MGW does not send PDU-Type 14 messages for uplink Rate Control, but only CMR in each Speech or SID on CMR-Only frame to the UE.

The UE combines the CMR with potential Rate Restriction commands from the RNC.

A LS is sent to RAN and CT to reflect these decisions, asking to incorporate these into the relevant specifications.

Annex: For comparison: The 7-Bit CMR Coding of TS 26.445

This presentation is slightly different and reordered; the codes are as defined in TS 26.445 Table A.3. The names for the CMRs are added, as proposed by the EVS Onion Principle. 

The coloured CMRs are included in the three EVS-Onions for EVSoCS. 
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