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Abstract

This contribution provides more detailed input on the discussion topic of CMR signaling for EVS over CS. The discussion was initiated in EVS SWG Conference Call#47 with contribution AHEVS-381 by the source. 

1
Introduction
Maximum Rate Control and Maximum Audio Bandwidth Control for EVS over UTRAN need some attention with respect to the signaling.
 

For AMR and AMR-WB UTRAN supports Maximum Rate Control by specific signaling means. Other than in GERAN and IMS the CMR-signaling (Codec Mode Restriction signaling) is not used directly. The CMR is translated by the MGW into “PDU-Type-14 signaling” on the Iu-Interface and then by the RNC into “Radio Resource Control (RRC) signaling” on the radio interface.

This caused some problems in the past, especially when a GERAN side sends frequently changing CMRs. This experience should be taken into account, when designing the signaling for EVS.

For EVS we would either need to extend these signaling schemes to handle also Maximum Audio Bandwidth Control, or introduce CMR-signaling in UTRAN as in the other accesses (e.g. LTE, WiFi, wireline).
In Document S4-150665 “On Interworking Guidelines for EVS” the so called “Onion Principle” is introduced. One important observation is that for every Spreading Factor on UTRAN the number of CMR code points is limited and different, rather small: the lower the maximum useable bit rate is, the smaller is the number of CMR-code-points, which is needed. The present document takes that into account as proposal to reduce the overhead on the UTRAN radio interface.
In order to keep the necessary changes in UTRAN as small as possible it is proposed to combine PDU-Type-14- and RRC-signaling with CMR-signaling. The RNC would not be affected by the CMR-signaling, as it is “in-band” within the speech payload and therefore invisible to the RNC.

These considerations in SA4 will have influence on the radio design by RAN and needs some early decisions in order not to delay the introduction of EVS in UTRAN.

2
Recap: Rate Control Signalling for AMR in CS Networks
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. So the useable modes are restricted to the upper, maximum mode, given by the latest received CMR-value.
In cases of AMR and AMR-WB we have a 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.
Example: for AMR-WB(23.85) the CMR-value is 8. A lower CMR-value corresponds to a lower (maximum) bit rate.

CMR is used in GERAN and in CS-Networks controlled by the SIP-I protocol between the MSCs.
In CS-Networks with BICC-signaling between the MSCs the Rate Control is handled differently, like on the Iu-Interface, see below.

2.1
Recap: Rate Control Signalling on the Iu Interface between RNC and MGW
The RNC does not need to understand much of the Speech Application: it just needs to know the agreed number of modes and their corresponding bit rates, the different sub-flows in each mode (i.e. bit sensitivity classes) and can then adapt the bit rate of the Application to the Transport Channel Capacity (or cell load) by Rate Control messages during the call. 
Here an extract from TS 25.415, UTRAN Iu interface user plane protocols, for the Speech Service on the Iu-Interface User Plane Version 2 (i.e. for TrFO).

Begin of extract

6
Support mode for predefined SDU sizes, version 2

>>>>>> snip <<<<<<

6.2
Iu UP Protocol layer Services in Support mode

>>>>>> snip <<<<<<

The following functions are needed to support this mode:

-
Transfer of user data;

-
Initialisation;

-
Rate control;

-
Time alignment;

-
Handling of error event;

-
Frame quality classification.

End of extract
Important for Rate Control over the Iu-Interface are the signaling for Initialization and for Rate Control, both are using separate “Packet Data Units“ of  “Type 14”, outside and parallel to the “PDU Type 0” for the speech payload.
Iu_initialization: Upon a RAB Assignment Request from the MSC the SRNC allocates a RAB sub-Flow Combination Indicator (RFCI) to each RAB sub-Flow Combination it initialises. In Iu UP V2 (TrFO) all rates that the SRNC receives from the MSC must be included in the RFCIs, including SID. Then the SRNC sends the Iu_initialization PDU to the MGW. 
The first RFCI included in the Iu_initialization PDU corresponds to the maximum bit rate that shall be used when starting the communication in DL (Initial Rate Control).
For AMR(mode-set=0,2,4,7), for example, we need 4+1=5 RFCIs for the 5 different packet sizes. These RFCIs could be 0: SID; 1: 4.75; 2: 5.90; 3: 7.40; 4: 12.2. The first RFCI listed in Iu_initialization should be 2, because AMR(5.90) is the default Initial Codec Mode for AMR with this mode-set. 

The RFCI allocation is not standardised and can differ between vendors. Thus, any other assignment between RFCIs and bit rates is allowed; also the Initial Codec Mode may be set differently.
This Iu_initialization has been designed with a lot of flexibility and is sufficiently suited for EVS, too. Maybe not all the flexibility is really so helpful, as flexibility also means increased implementation costs and interworking issues. We could consider applying the Iu_initialization in a simplified, pre-agreed version, i.e. agree on fixed RFCI values to all of the EVS bit rates.

The Rate Control Request, in another PDU-Type-14 packet, lists all assigned RFCIs and indicates with a 0 or 1 flag, if the RFCI is barred or allowed. It is per definition not allowed to bar the RFCI for SID and in TrFO (i.e. Iu UP Version 2) it is not allowed to bar the RFCI for the lowest mode (here 4.75). For maximum rate control it is also forbidden to bar a mode below a higher allowed mode.
An example frame payload for Rate Control of AMR(mode-set=0,2,4,7), equivalent to CMR=4 is


	Spare = 0 0
	Number of RFCI Indicators (P=5)
	1
	Frame payload part

	RFCI 0 Ind.
(SID)
=1
	RFCI 1 Ind.
(4.75)
=1
	RFCI 2 Ind.

(5.90)
=1
	RFCI 
3 Ind.

(7.40)
=1
	RFCI 
4 Ind.

(12.2)
=0
	Padding


= 0 0 0
	1
	


Note the difference in mapping between CMR and RFCI to the speech codec modes (which does not simplify the understanding).
Every PDU-Type-14 message-exchange consists of a Request and an Acknowledgement. This is needed for error detection, packet loss detection and error handling. Due to the round trip time and the reaction times in each node the frequency of the Rate Control procedure is limited. Also that is a substantial difference to the CMR signaling, which has no acknowledgement, but an endless repetition and by that an extreme error robust characteristic. CMR can be changed (in principle) in every 20ms frame, while Rate Control on Iu and the UTRAN radio interface takes quite much longer time.

2.2
Recap: Rate Control Signalling on the Nb Interface between CS-MGWs
PDU-Type-14 Nb_initialization and PDU-Type-14 Rate Control is also applied between the MGWs in a BICC controlled CS Core Network. 

In a SIP-I controlled CS Core Network this kind of User Plane initialization and Rate Control is not needed. Instead RTP is used with CMR inside RTP.

2.3
Recap: Rate Control Signalling on the Radio Interface between RNC and UE
On the UTRAN radio interface an RRC-signaling is defined, equivalent to the PDU-Type-14 Rate Control, i.e. parallel to the User Plane payload.
The RFCIs are translated into corresponding TFCI-values (Traffic Format Combination Indices). While on the Iu-Interface only the Speech Application is visible, there may be a lot of other traffic ongoing on the radio interface, like a parallel data session and the necessary radio control procedures. These different traffic flows are multiplexed on the radio interface into TFCIs, which are therefore a multiple of RFCIs. 
For the radio interface the RNC defines a radio bearer configuration that either includes Transport Format Combinations (TFCs) for all requested codec rates, including SID. Or the RNC defines a radio bearer that only includes TFCs for a proper lower subset of the requested codec rates, including SID, in order to optimize the RAN-resource consumption. In the latter case the Iu Rate Control must for all call time disallow the higher rates in downlink, which are initialized on Iu, but not allowed on the radio interface. An example is AMR(mode-set=0,2,4,7) on Iu and AMR(mode-set=0,2) on the radio interface for Spreading Factor SF=256.

In addition to the defined TFCs over the radio interface, the RNC may disallow the use of certain TFCs for higher rates by the UE in UL. This steers the maximum allowed codec rate in uplink. Even during the call the RNC may via RRC signaling on the control plane limit the UE from sending certain Transport Format Combinations (TFCs), thus allowing or forbidding certain (higher) modes of the configured mode set. 

As an example, the UE may be initialized with a radio bearer configuration with TFCs for AMR(mode-set=0,2,4,7), i.e. rates of 4.75, 5.9, 7.40, 12.2 kbps. Additionally AMR-SID is needed for DTX operation. If the highest rate 12.2 shall not be used, then a message is sent to the UE, indicating that higher rates than the allowed maximum rate 7.40 are disallowed. All lower rates must be allowed, however. This disallowance means that rates above the maximum rate 7.40 are forbidden for use and hence rate 12.2 will not be used, until signaled otherwise. If for instance the RNC detects a condition under which it chooses modifying the decision to allow rate 7.40 as maximum rate, either that it would allow to use rate 12.2 as maximum rate or that it would reduce the maximum rate further to e.g. 5.90 kbps, then it may send a TFCC message to the UE, modifying the allowed maximum rate in uplink.
The UE must strictly follow the maximum rate control, but is allowed to use lower rates, if the TX power in uplink is on its limits.
The definition of radio bearers including TFCS will be done by RAN groups. 
Consequently, SA4 does not need to care too much about that. But it is important to note that due to the mentioned multiplexing with data and control bearers every added RFCI for speech costs a factor n (n=2, 4...) more TFCS on the radio interface, which also is an important implementation and testing cost factor.
2.4
Recap: Frequency of RNC-originated Rate Control

The RNC controls its local uplink and downlink maximum rates by 

a) RRC signaling down to the UE for uplink maximum rate setting and
b) PDU-Type-14 signaling to the MGW for downlink maximum rate setting

Typically, in today’s life networks, the RNC does not send such Rate Control messages often on its own initiative. Most of the times the maximum rates are just set at call setup or handover.

More frequent Rate Control messages come from remote GERAN partners. These are then received by the RNC as PDU-Type-14 signals and forwarded as RRC messages to the UE.

3
User Plane Signalling for EVS in CS Networks
For EVS the relation between codec mode and bit rate is not that simple. As pointed out in AHEVS-381 EVS has three adaptation dimensions: bit rate, audio bandwidth, and selection of EVS primary or EVS AMR-WB IO modes. We see up to four different audio bandwidths (modes) for the same EVS bit rate. Therefore:
We need to differentiate between Maximum Rate Control, Maximum Audio Bandwidth Control and use of EVS primary or EVS-IO modes.
3.1
Maximum Rate Control Signalling for EVS in CS UTRAN
The differentiation between audio bandwidths is not visible on the Transport Layer, i.e. not within UTRAN, but is only known to the Application Layer, i.e. within UE and MGW. 
UTRAN does not (and should not) need to know about the Application Layer in all these details. 
In order to keep these principles as for AMR and in order to keep the influences on UTRAN as small as possible, it is hence proposed that:

a) RFCI and TFCI for EVS do not differentiate between different audio bandwidths, nor between rates associated with EVS primary modes or EVS-IO modes.
b) the Iu-Signaling between RNC and MGW is restricted to Iu_initialization 
    and Maximum Rate Control for all  the necessary bit rates of EVS, as requested in RAB Assignment;
c) the RRC-signaling from RNC to UE is restricted to the Maximum Rate Control in uplink to the bit rates initialized for the radio interface (could be a lower subset of the rates on Iu);
d) signaling related to Maximum Audio Bandwidth Control and Control of use of EVS primary or EVS AMR-WB IO modes is left to CMR signaling;
e) the Maximum Rate can also be controlled by CMR from the remote partner, sent transparently through the RNC within the speech payload.
f) the EVS-UE sends CMR in uplink within the speech payload, transparently through the RNC, to the MGW. The MGW combines PDU-Type-14 Rate Control from the RNC (if any) with the CMR from the UE and forwards only CMR in uplink.
3.2
CMR Signalling for EVS in CS UTRAN
CMR is defined in TS 26.445 for EVS in RTP packets. It allows controlling the Maximum Bit Rate and the Maximum Audio Bandwidths together; see also the discussion paper S4-150665 “On Interworking Guidelines for EVS”.
A separate, parallel control channel in UTRAN to send CMRs is seen as far too complex and not feasible. It would have substantial impact on UTRAN implementations.
Document AHEVS-381 proposed to send the CMR for EVS on UTRAN in-band, together with the speech payload, as done in GERAN and LTE (using RTP). This would have the big additional advantage that no translation between different Rate Control procedures would be necessary. CMR is fast and error robust and includes all elements needed for rate control, bandwidth control and switching between EVS primary and EVS-IO modes.

In the EVS RTP payload format, as defined in TS 26.445, the CMR occupies a whole octet (8 bits) and it can be switched on or off, i.e. CMR does not need to be included in every RTP packet.

To switch in-band CMR on and off in UTRAN, or having the option to use or not to use in-band CMR in UTRAN would mean to double the number of RFCIs and TFCIs, which does not seem to be a good idea. Requiring using in-band CMR in every Speech and SID frame is far more economic, provided the overhead is kept small. Repeating CMR in every Speech and SID frame has the unbeatable advantage of strong error protection and fast error recovery. 
The proposal is hence:  
a) send CMR in every Speech and SID frame on the Iu- and on the UTRAN radio interface;

b) reduce the overhead as much as possible on the radio interface.
3.2.1
CMR-Signaling for EVS for Configuration 0

The following Table 3.2.1-1 shows the two dimensional representation of all bit rates and audio bandwidths discussed in other contributions for the so called “Configuration 0” for a Downlink-Spreading-Factor of SF=128. This Configuration 0 comprises NB, WB, SWB and the EVS-IO modes up to a maximum of 13.2 kbps. Table 3.2-1 shows the bit rates, a proposal for CMR-coding and a proposal for the RFCI numbering. It shows in addition all RFCIs needed for non-rate-controllable rates, for DTX as well as for VBR(5.9) operation, i.e. for No_Data, SID and for mode 2.8. 
In total 10 different RAB sub-flow Format Combinations (RFCs) need to be indicated by RFC Indication values (RFCIs). The RFCIs are ordered (arbitrarily) in ascending payload size. 
The total number of controllable active speech modes is 5+5+2+3=15 (numbered 0...14). So, 15 different CMR-values need to be distinguishable. In order to minimize the overhead a compact coding of all these possible CMR values is proposed: 15 different values can be coded with only 4 bits. The numbers within the squares (0...14) show one example of such a compact CMR-coding for Configuration 0.
Table 3.2.1-1: Two dimensional representation of EVS rates and audio bandwidths for SF=128.
	RFCI
	Rate
	NB
	WB
	SWB

	9
	13.2
	4
	12
	14

	7
	9.6
	3
	11
	13

	5
	8.0
	2
	10
	 

	4
	7.2
	1
	9
	 

	
	VBR(5.9)
	0
	8
	 

	2
	2.8
	
	
	

	1
	SID
	 
	 
	 

	0
	No_Data
	 
	 
	 

	8
	12.65
	 
	7
	 

	6
	8.85
	 
	6
	 

	3
	6.60
	 
	5
	 


Dark grey shaded combinations of bandwidths and rates are not possible for configuration 0.

In total 15 different modes must be identified by CMR-signaling:
5 modes for EVS-NB 

(CMR=0...4), 
3 modes for EVS-IO

(CMR=5, 6, 7).
5 modes for EVS-WB 
(CMR=8...12), 
2 modes for EVS-SWB 
(CMR=13, 14).
The RFCI for No_Data is necessary for the rare cases that an urgent CMR value must be sent within a speech pause. In that case we have no Speech and often also no SID payload, but only the tiny load of the CMR. Please note that a speech bearer may any time be combined with at least one Control Bearer and maybe Data Bearers on the radio interface. The radio interface needs another No_Data* internally for such purposes. It is not wise to send a CMR in every of these No_Data* cases. The No_Data frame to carry CMR is a different one, needed in speech pauses on the radio interface and also on Iu and in RTP for rare CMRs. 

The No_Data payload cannot be restricted by a received CMR and therefore the No_Data payload needs no CMR-value assigned. But the No_Data packet will carry a CMR value for the opposite direction for rate control or bandwidth control!

The RFCIs and radio bearers for SID and EVS-rate 2.8 kbps are necessary, but need also no CMR-value assigned. 

EVS-VBR-NB and EVS-VBR-WB need one CMR-value each, but they have no RFCI value assigned, because there is no payload size of 5.9 existing. In that case the CMR=0 and CMR=8 set the maximum audio bandwidth to NB respectively WB and the maximum bit rate to 8 (!) kbps. 

A limitation to 7.2 kbps would still provide a reasonable, acceptable voice quality (tbc), therefore two CMR-values are assigned 1 for NB and 9 for WB. It seems not reasonable to operate EVS with a maximum bit rate of 2.8 kbps and therefore no CMR-values is assigned to that “auxiliary” mode. The RNC needs to consider that RFCI values0, 1, 2, 3 and 4 shall not be disallowed on radio or Iu.
Note: the author regards it as not wise to forbid CMR in RTP for EVS. It would either lead de facto to a single-mode EVS Configuration and this is against the spirit of EVS. 
Or it would require irregular RTCP-App signaling with a lot of other disadvantages, like irregular overhead (not liked by GSMA) and bad error detection and recovery.
It is – the author’s opinion – optimal to follow the Onion Principle always (see S4-150665) and also repeat CMR in every RTP packet, also in IMS and LTE. 
The overhead is small and the advantages are big.
Four CMR bits every 20 ms would mean 4*50 = 200 bps or 0.2 kbps more for an active speech bearer. We need to add that to every speech package. 13.2 becomes 13.4, which is a relative overhead of 2%.
The average VBR of 5.9 would become 6.1 kbps, with relative overhead of little bit more than 3%.
Are these CMR bits error sensitive? No.
Since CMR is repeated every Speech or SID or No_Data frame a transmission error would heal very quickly. The Media-Sender may wait for the next CMR value for cases, where the CMR is unexpectedly different to the CMR values received before (plausibility check). This is especially recommended, if the CMR would change the allowed audio bandwidth or change between EVS-primary modes (EVS-NB, EVS-WB, EVS-SWB) and the EVS AMR-WB IO mode (EVS-IO).

3.2.2
CMR-Signaling for EVS for Configuration 2
There are also other Configurations under discussion, like one for SF=256, targeting maximal radio cell capacity, shown in Table 3.2.2-1. 
Table 3.2.2-1: Two dimensional representation of EVS rates and audio bandwidths for SF=256.

	RFCI
	Rate
	NB
	WB

	5
	8.0
	2
	7

	4
	7.2
	1
	6

	
	VBR(5.9)
	0
	5

	2
	2.8
	
	

	1
	SID
	 
	 

	0
	No_Data
	 
	 

	(6)
	(8.85)
	
	(4)

	3
	6.60
	 
	3


In this case only 6 (7) different CMR-values, i.e. 3 bits are sufficient for coding. Only 6 (7) RFCIs are needed. The overhead would be 3 bit every 20 ms or 0.15 kbps.
Note that Configuration 2, as proposed here, is a valid TrFO-compatible “Sub-Configuration” of Configuration 0. 
That means: 
The RNC could chose to initialize Configuration 2 on the radio interface, although the MSC sends a RAB Assignment Request with Configuration 0. The RFCIs and Iu_initialization must be according to Configuration 0, but the TFCIs could be according to Configuration 0 or 2. 
This is an important option for the RNC in situations of high overload, where spreading factor 128 is not available. Exactly this option is used today for AMR.
3.2.3
CMR-Signaling for EVS for Configuration 1
The “biggest” Configuration would be for SF=64, with 25 CMR values and 14 RFCIs, see Table 3.2.3-1
Table 3.2.3-1: Two dimensional representation of EVS rates and audio bandwidths for SF=64.
	RFCI
	 
	NB
	WB
	SWB
	FB

	13
	24.4
	6
	18
	22
	24

	11
	16.4
	5
	17
	21
	23

	9
	13.2
	4
	16
	20
	 

	7
	9.6
	3
	15
	19
	 

	5
	8.0
	2
	14
	 
	 

	4
	7.2
	1
	13
	 
	 

	
	VBR(5.9)
	0
	12
	 
	 

	2
	2.8
	
	
	
	

	1
	SID
	 
	 
	 
	 

	0
	No_Data
	 
	 
	 
	 

	12
	23.85
	 
	11
	 
	 

	10
	15.85
	 
	10
	 
	 

	8
	12.65
	 
	9
	 
	 

	6
	8.85
	 
	8
	 
	 

	3
	6.60
	 
	7
	 
	 


In this case of Configuration 1 the CMR could be represented with 5 bits every 20ms or an overhead of 0.25 kbps. The overhead using the full 7-bit CMR would be 0.35 kbps.
It needs to be discussed whether it pays off to allow AMR-WB modes 15.85 and 23.85.
Please note: 
Configuration 2 is TrFO-compatible to Configuration 0 and both are TrFO-compatible to Configuration 1.
The biggest Onion includes the middle one and this includes the smallest one.

It is possible to accept a RAB Assignment Request with EVS(Configuration 1) on Iu and initialize a radio bearer with SF=256, i.e. configuration 2, only. OF course Initial Rate Control in Iu_initialization must prohibit too high rates in downlink.

4
How can the RNC influence the Maximum Rates?
As said the RNC is not aware of the application layer and is not aware of the end-to-end call scenario, it is not also aware of the EVS operational modes. The RNC knows only the RFCIs and the associated bit rates. The RNC also need to know, which rates are not disallowable.

The RNC also knows the own, local cell capacity limitations.

In the tables above the RFC-Indices have been (arbitrarily) chosen to follow the associated bit rates in a monotonic order: lower bit rate ==> lower RFC-Index.

4.1
How can the RNC influence the Maximum Rate in Uplink?
If the RNC sees a need to change the maximum bit rate in uplink direction for whatever reason, then it may via RRC-signaling send a TFCC message to the UE, modifying the allowed maximum rate in uplink.
So the UE gets both, maximum rate messages from the RNC and CMR-values from the CS-Core (indirectly from the remote end).The stricter boundary (the minimum of both) has to be applied by the UE for the media-sending direction in uplink.


Examples for case SF=64, Configuration 1: 
Maybe the latest received CMR-value has been CMR=24 == EVS-FB(24.4). That means the UE may use EVS-FB quality, with bit rates not higher than 24.4 kbps. The RNC now sends a TFCC message to the UE corresponding to RFCI=11 == 16.4 kbps.
Then the stricter rate boundary is the associated rate of 16.4 kbps. The UE must use the lowest rate of the EVS-FB, equivalent to a received CMR=23 == EVS-FB(16.4).
Note: By design the EVS Encoder decides on source signal conditions, which bandwidth mode to use. CMR=23 == EVS-FB(16.4) is only the upper limit for rate and bandwidth. The EVS Encoder may decide to use even EVS-NB(16.4), if this is (temporarily) sufficient to represent the source signal in case it happens to be limited to narrowband.
What happens, if the RNC sets an even lower limit, like RRC-signal with RFCI=9 == 13.2?
The EVS Encoder has no other choice than to use - at maximum - the EVS-SWB mode with 13.2 kbps. So the limitation in bit rate may force also a limitation in audio bandwidth. If that is not wanted, then the RNC needs more radio resources. 
What happens, if the RNC sets an even lower limit, like RRC-signal with RFCI=6 == 8.85?
Shall the UE change now to EVS-IO with 8.85 kbps?
No! See below.
The UE shall stay within EVS primary mode of operation, but must “escape” to EVS-WB with 8 kbps.

4.2
How can the RNC influence the Maximum Rate in Downlink?
If the RNC sees a need to restrict the maximum bit rate in downlink direction for whatever reason, then it just needs to send a PDU-Type-14 Rate Control Request uplink to the MGW.

The MGW terminating the Iu-Interface gets CMR-values in every Speech or SID or sometimes also in No_Data payload in uplink from the local UE and combines these with the Rate Control restriction received from the RNC in PDU-Type 14 messages. Exactly as the UE does for the uplink, the stricter boundary (the minimum of both) has to be applied by the MGW for downlink. Then the MGW sends this new, combined CMR-value uplink to the next MGW or an IMS-partner. Or the MGW terminating the Iu-Interface is already the Media-Sender (e.g. interface to a PSTN world) and controls its Encoder accordingly.

4.3
Why does the UE send CMR in Uplink?

Because every EVS-Media-Receiver can do that!

Because the Iu frame format in uplink and downlink are identical.

Because the radio frames in uplink and downlink are identical.

As discussed in AHEVS-381 there is (currently) no need for an UTRAN UE to send rate control messages in uplink. The only possible need for CMR in uplink is the transmission of audio bandwidth control. One important reason is – for example – a change of the audio equipment at the UE side during the call. A low cost model UE may have only NB audio output capabilities. Although SF=128 is negotiated and assigned and SWB quality is possible, i.e. Configuration 0 is selected, the UE sends CMR=4 == EVS-NB(13.2) to indicate that a wider bandwidth is not needed. But then, during the call, a high quality headset is connected by the user. The UE detects this and immediately sends CMR=14 == EVS-SWB(13.2) to its remote partner.
Note that in any case the MGW terminating the Iu-Interface has to send CMR in uplink in RTP.

5
How to change between EVS-primary and EVS-IO?
This change from EVS-primary to EVS-IO is only reasonable, if the other, remote partner has fallen back to AMR-WB, e.g. by SRVCC. The local RNC cannot know about this event.
The remote side, or the MGW in the path that performs the RTP-conversion between EVS framing and AMR-WB framing (maybe the ATGW), will now send CMRs belonging to the EVS-IO modes. In the CMR-coding as shown above that would be a CMR value between 7 and 11. 
As soon as the local UE gets such a CMR value (maybe waiting for one or two more CMR-repetitions to improve the error robustness) it shall seamlessly switch over to EVS-IO with the highest allowed bit rate, allowed by both the RNC and the received CMR. 
Any change of the maximum bit rate by the RNC shall not influence the EVS-mode of operation, i.e. not cause a transition to or from EVS-IO.
A change back from EVS-IO modes to EVS-primary modes may also be triggered by CMR.
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