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1 Background

The configuration of ECN using OMA-DM was briefly discussed in the MTSI ad-hoc on ECN, [1], [2]. During the discussion, it was suggested to add more configuration capabilities. It was also suggested to clarify whether the parameter is common for all adaptation schemes or whether the parameter is specific for ECN.
In the description, parameters that can be configured are indicated with Courier font, for example low_rate.

In section 2, one example of an ECN-based adaptation scheme is described. The configuration parameters are also described, but without considering whether they are generic or ECN-specific. The distinction between generic or ECN-specific parameters is made in Section 3. Parameters specific for ECN-based adaptation use the prefix ECN_. Parameters that are common for all adaptation schemes use no prefix. In some case, there are two very similar parameters, with and without the prefix. This indicates that there should be a generic parameter but there might also be a ECN-specific parameter. If the ECN-specific parameter is not defined then the generic parameter should be used.
2 Enhanced configuration of ECN-based adaptation

2.1 Overview
Figure 1 shows an example of how ECN can be used for the codec adaptation. The relevant parameters to configure are also shown in the figure.
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Figure 1. Example adaptation using ECN. The new configuration parameters, compared to [2], are shown in red.
2.2 Adaptation limits

The bit-rate is typically adapted between an upper limit (high_rate) and a lower limit (low_rate). The high_rate is typically selected to the highest bit-rate supported by the codec. However, this does not always need to be this case since the bandwidth allocation performed with b=AS in the SDP may limit the codec usage to a lower mode.
The low_rate can be the lowest rate supported by the codec. However, in this example, the low_rate is deliberately selected to a bit rate somewhat higher than the lowest codec rate to show that this is also a possibility.
2.3 Waiting times

The session starts with using the Initial Codec Mode, in this case this corresponds to AMR5.9. An initial waiting time (init_wait) is defined to allow the receiver to evaluate the performance before an up-switch is started. No randomization is needed for the initial waiting time because sessions already starts at a random point in time.

A similar congestion waiting time (cong_wait) is used to define how long time the client should wait before attempting an up-switch after a congestion period. This waiting time is needed to prevent a too early up-switch since this may cause another congestion. A +/-50% randomization is used to prevent synchronous up-switch behavior for many UEs and possible oscillation. The timer after an ECN-CE marking is reset for every new ECN-CE marked packet.
This example to uses two different timers to allow for a relatively fast up-switch at the beginning of the session while still allowing for using a conservative up-switch after a congestion period.

2.4 Down-switch

This proposal contains two variants for the down-switch, direct and step-wise. 

The direct down-switch variant is to adapt directly to the low_rate when ECN-CE is detected, regardless of the currently used bit-rate, for example to go directly from AMR12.2 to AMR5.9.
The step-wise down-switch variant is to adapt towards the low_rate in steps, i.e. one step for each congestion event, for example AMR12.2(AMR7.4(AMR5.9. Hence, it may take several congestion event before one reach low_rate. This is because [3] recommends to treat multiple ECN-CE within one round-trip time as the same congestion event and also that the clients should adapt only once per congestion event.
In inter-working scenarios with CS GERAN and UTRAN, the session setup will most likely limit how fast a mode adaptation can be done. For example, because of limitations in the in-band channel, CS GERAN only allows for adapting the mode for every other frame and it is also beneficial to adapt only to the neighboring mode. Such limitations are negotiated in SDP at session setup. The MMTel client must, obviously, follow the adaptation rules that are defined at session setup.

2.5 Up-switch

The up-switch in the beginning of the session and after a congestion period are very similar but uses different time scales. In both cases, the up-switch is made in steps, for example AMR5.9(AMR7.4(AMR12.2.
The performance, for example the packet loss rate, is evaluated during the waiting period, init_wait or cong_wait respectively, and during each step in the up-switch procedure, init_upswitch_eval_period and cong_upswitch_eval_period respectively.

If an PLR-based adaptation scheme is also used, as described in Annex C in [4], then the up-switch procedure can be identical for both schemes. This means that the performance evaluation can result in one of three possible outcomes:

1. The performance is very good (PLR < 1%). In this case, an up-switch to the next higher step is initiated, unless already operating at the high_rate.

2. The performance is unsatisfactory (PLR > 3%). In this case, a down-switch to the next lower step is initiated, unless already operating at or below the low_rate.

3. The performance is in-between these limits (1% < PLR < 3%). In this case, no rate adaptation is performed but the performance evaluation continues.

In both cases, the up-switch should preferably be made using probing with redundant data, as this will reduce the risk for frame erasures in case the higher bit-rate would prove to not be working and packets would be dropped.

3 Parameters for configuring ECN-based adaptation
The parameters created from the above example are summarized in the table below.
	Parameter
	Description 

	ECN_usage [Boolean]
	Enable/disable ECN-based adaptation.

Type: Boolean value
Default value: True

	high_rate [bps]

ECN_high_rate [bps]
	The upper limit for the adaptation.

Corresponds to the bandwidth parameter already defined for speech in the 3GPP_MTSINP managed object.
No new parameter needs to be added.

Type: integer
Example: 12200

Default value: If ECN_high_rate is not defined then high_rate should be used. If high_rate is not defined then the highest encoding bit rate allowed in the session (excluding IP/UDP/RTP and payload overhead)

	low_rate [bps]

ECN_low_rate [bps]
	Lower limit used for the ECN-based adaptation.

Type: integer
Example: 5900
Default value: Same as Initial Codec Mode

	ECN_stepwise_downswitch [Boolean]
	Selects which down-switch method to use, i.e. direct or step-wise.

A value of ‘0’ means that the direct down-switch method is used.

A value of ‘1’ means that the step-wise down-switch method is used

Type: Boolean value

Default value: False

	mode_list
ECN_mode_list
	List of codec modes (or bit rates) to use during step-wise down-switch. This parameter is only applicable when step-wise down-switch is used.
Type: List of integers
Example: {12200, 7400, 5900, 4750}
Default value: If ECN_mode_list is not defined then use mode_list. If mode_list is not defined then use the mode-set included in SDP. If no mode-set is defined in SDP then {12200, 7400, 5900, 4750} is default

Comment: The list may very well contain codec modes (bit rates) that are outside the boundaries of the adaptation limits (ECN_high_rate and ECN_low_rate) or not agreed in the SDP offer-answer negotiation. This only means that those modes (bit rates) will not be used.

	init_wait [ms]

ECN_init_wait [ms]
	Waiting time before an up-switch is attempted in the initial phase of the RTP session, used to prevent too early up-switch in the beginning of the session.

Type: integer

Default value: 500 ms.

Comment: No randomization is needed.

	ECN_cong_wait [ms]
	Waiting time before an up-switch is attempted after detecting ECN-CE, used to prevent too early up-switch after congestion

Type: integer

Default value: 5000 ms.
Comment: A +/-50% randomization of the waiting time shall be used to avoid synchronous up-switch.

	init_upswitch_eval_period [ms]
ECN_init_upswitch_eval_period [ms]
	Evaluation time at each step during the up-switch in the beginning of the session
Type: integer

Default value: 500 ms

Comment: If ECN_init_upswitch_eval_period is not defined then use init_upswitch_eval_period. If init_upswitch_eval_period is not defined then use the default value.

	ECN_cong_upswitch_eval_period [ms]
	Evaluation time at each step during the up-switch after a congestion period

Type: integer

Default value: 5000 ms
Comment: A +/-50% randomization of the waiting time shall be used to avoid synchronous up-switch.


This does not prevent using also other configuration parameters as an operator-specific policy.
4 Conclusion and proposal
Adopt the above described parameters to be used for configuring the ECN-based adaptation.
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