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1
Introduction

In this contribution we discuss the codec alternatives for Push-to-talk over Cellular service. The different inter system codec configurations are reviewed. The idea on having optional codecs for reducing the transcoding need is analysed. Subjective tests were also carried out to compare different codecs for PoC service. The outcome is that having an additional optional codec (decoder) for 3GPP PoC does not provide any gain to the system performance taking into account the additional complexity and costs.

2
PoC codecs

Currently 3GPP has defined AMR (and AMR-WB) as a default codec for PoC service [1]. On 3GPP2 side, EVRC codec has similar status. In addition, 3GPP2 may consider AMR as an optional codec to avoid transcoding with 3GPP [2]. 

3
PoC architecture

First of all, it should be noted that PoC service is not a peer-to-peer service. That is, users are always connected to their own PoC Server (called as a Participating PoC Function). Further, Participating PoC Functions are connected to Controlling PoC Function. Control Plane traffic (SIP) always goes through all PoC Functions. User plane traffic (RTP/RTCP) will always go through Controlling PoC Function and usually through Participating PoC functions. Figure 1 shows overall PoC Server architecture. OMA PoC architecture document describes different PoC Server functions.
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Figure 1: Relationship between Controlling PoC Function, Participating PoC Functions and the PoC Clients

PoC server (Controlling PoC Function) among other tasks performs the speech transcoding if necessary (users support different codecs). Figure 2 shows the most trivial case in which two users have initiated a PoC session. In the figure 2 it is assumed that the PoC Server of user A takes role of controlling and participating PoC functions due to simplicity.
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Figure 2. PoC architecture in case of one-to-one PoC session.

Now, each leg in Figure 2 may have different codecs. That is, users A and B may use different codecs, e.g. AMR and EVRC, respectively. In this case PoC server A (Controlling PoC Function) does the transcoding from AMR to EVRC and vice versa. Hence, leg 1 is utilising AMR from user A to server A. Leg 2 and leg 3, on the other hand, are utilising EVRC. 

It is well known that transcoding reduces speech quality. Hence, it would be advantageous to avoid it and select common codec for PoC service. Alternatively, each user could have all the codecs supported. Common codec would then be negotiated for each session. In addition, having all the decoders supported could help the situation. However, the gain of “all decoders supported” option is marginal covering only this one-to-one PoC Session case.

4
Multi codec architecture

In “all decoders supported” the PoC architecture would look like in Figure 3. User A transmits with AMR while user B transmits with EVRC. Since the corresponding decoders are supported there is no need for transcoding. Each leg is in asymmetric condition.
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Figure 3. One-to-one PoC session with asymmetric codec selection

The advantage in Figure 3 is obviously that transcoding is not needed. However, there are extra requirements on terminal architecture having two different algorithms running simultaneously. In addition, the need for another coding (decoding) algorithms adds memory and complexity.

But, PoC service in not only about one-to-one (point-to-point) sessions. A very attractive aspect is multi-party PoC sessions with several users connected to the PoC server. Open Mobile Alliance PoC specification contains different type of group communication models: Ad-hoc PoC group, Pre-arranged PoC group, Chat PoC group. Figure 4 presents a basic concept when three users are invited to a PoC session.
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Figure 4. Multi-party PoC

Now, let’s consider that user A and C are using AMR codec while user B in 3GPP2 environment is using EVRC. In this case, transcoding can be omitted only when all three users are utilising the same codec, i.e. either AMR or EVRC. 

Asymmetric configuration with “all decoders supported” does not work. Figure 5 considers such a situation. 
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 Figure 5. PoC session with asymmetric codec selection

In the PoC architecture, PoC Servers are acting as a back-to-back user agents which means that the PoC Clients are negotiating their session and user plane parameters together with its own PoC Server. With other words the user A is negotiating parameters with PoC Server A, the user B is negotiating parameters with PoC Server B, PoC Server A and PoC Server B are negotiating parameters and so on. Therefore, even if terminals supported all decoders, the offer/answer process might not be able to negotiate complete set of codecs between each user (end-to-end). That is, there is no guarantee that transcoding can be omitted within PoC server. 

From the Figure 5 we can see that depending on the user transmitting the decoder in client A and client B needs to be switched to AMR or EVRC. This is not at all feasible since the codec (decoder) would need to be negotiated (activated and inactivated) continuously during the session or both decoders would need to be operated simultaneously. The first approach causes delay in the session and the latter one sets extensive requirements to terminal architecture.

5
Subjective tests

Subjective test was carried out to compare AMR and EVRC taking into account the expected PoC restrictions. The basic quality was compared in transcoder free operation as well as in inter-system transcoding conditions in both directions.

The available bit rate for source coding is relatively low due to the system issues and packetisation overhead. The assumption in the test was that AMR 5.15 kbit/s mode will be used for 3GPP PoC. To make a proper comparison in same conditions taking into account the bit rate restrictions, EVRC codec was forced to half-rate speed. The same codecs with same bit rates were also configured in tandem conditions. Tandem was tested in both directions. 

ACR listening test was conducted in Nokia Research Center in Finland with 12 non-expert subjects hired outside the company. Each subject listened 4 female and 4 male speech items. Only error free condition was tested. 

Figure 6 presents the overall results of the subjective test. 
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Figure 6 Subjective test results

6
Discussion

Section 4 showed that “all decoders supported” condition has only marginal advantage in PoC service omitting transcoding only in one particular point-to-point service configuration. And even in this configuration, multi codec support causes additional complexity in signalling and implementation. In typical PoC session with several users, the “all decoders supported” option is not feasible and hence does not provide a universal solution avoiding transcoding. One way to at least minimizing the speech quality loss due to transcoding would be using higher bit rate modes of AMR or EVRC-FR, respectively. Data rate limitations on the uplink might require using AMR mode 5.15 or EVRC-HR while such limitations generally do not exist on the downlink. Hence, transcoding with AMR mode 12.2 or, respectively, EVRC-FR and using this correspondingly higher bit rate for downlink transmission could be used for mitigating the quality loss due to codec tandeming. As it is known from transcodings with AMR mode 12.2 [3], speech quality is basically only limited by the other lower-rate codec of the tandeming condition and the quality loss as result of the trandeming is minor. A similar behaviour can be expected in EVRC-HR – AMR 12.2 and AMR 5.15 – EVRC-FR tandemings.

However, the only universal way to avoid transcoding is by utilising the same codec (encoder and decoder) in each PoC client. Based on the subjective test results it would be beneficial to have a common codec for the service.  To achieve the best overall quality it seems obvious to use AMR for PoC services also in inter-system connections. 
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