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1 Overview

A period of time when neither AMR speech nor SID frames are transmitted from the GANC (or MS) to the MS (or GANC) is called DTX – discontinuous transmission. This commonly occurs for GAN in the CS domain user plane when one of the connected parties is “silent”. If silence insertion is employed, a SID frame will be sent by the silent party at a rate less than once every 20 ms.
To enable downlink / uplink quality measurements, sections 7.4.3 and 7.4.4 of TS 44.318 require, respectively, the GANC and MS to at least send one NO_DATA frame every 480 ms. In practice, it is commonly observed that GANC MGW and GAN MS vendors send SID frames every 160 ms during DTX to satisfy this requirement.
However, it has also been observed that vendors differ on the means used to format the AMR TOC (table of contents) prescribed by RFC 3267 during DTX. This contribution describes these two interpretations of RFC 3267, proposes three alternatives for clarifying TS 44.318 regarding AMR TOC formatting during DTX for GAN, suggests an order of preference for the three solutions, and urges that a CR be authored to implement the most preferred solution in TS 44.318. This approach has been taken to provide the GERAN community with rationale regarding the preferred solution and an opportunity for discussion prior to submitting the CR.
2 Formatting AMR frames in GAN during DTX
This section describes the different interpretations of RFC 3267 that have been applied to formatting AMR frames during DTX, states why this is a problem, and discusses options for improvement.
2.1 Background
Figure 1 shows a representation of a GSM + GAN network. It is assumed that the CS domain user plane is serviced by a MGW which is in turn controlled by the GANC. However, the discussion in this contribution applies equally to a monolithic GANC. The focus is on the behavior of the highlighted elements, the GAN MS and the GANC MGW.
Figure 2 depicts the CS domain user plane data flow within the GAN MS. On the left for encoding is user-initiated speech or tones. And on the right are fully formatted RTP packets. IPsec, UDP, IP, and L1/L2 are not shown, since transport layers are not relevant to the discussion.

Similarly, Figure 3 depicts the CS domain user plane data flow within the GANC MGW. Here, the “other end” transmission path represents transmitted / received user plane traffic over the A interface to the MSC. Also, while Figure 2 shows the codec within the MS, Figure 3 shows the transcoder present within the MGW.
Figure 4 shows inter-block signalling that is common to both MS and MGW. The critical events for this discussion are Frame Block Complete and Transmit Frame Block Timeout, together with how the AMR TOC Pack functional block responds to these events. Also important is how the AMR TOC Unpack functional block responds upon receipt of the AMR TOC which was formatted by the AMR TOC Pack functional block at the remote IP endpoint.
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Figure 1: CS domain user plane RTP endpoints within a GSM + GAN network
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Figure 2: GAN MS data flow during RTP and AMR formatting
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Figure 3: GANC MGW data flow during RTP and AMR formatting


[image: image4.emf]AMR

TOC

UNPACK

CODEC

(encode)

AMR

TOC

PACK

AMR

FRAME

PACK

AMR

FRAME

UNPACK

RTP

PACK

RTP

UNPACK

20 msec

timer

TRANSCODER

(decode)

TRANSCODER

(encode)

TRANSCODER

(decode)

Frame Block 

Complete

AMR Frame 

Block Received

New Codec Mode 

Request  Received

Set Transmitted 

Codec Mode Request

AMR Frame 

Received

Frame 

Formatted

AMR Payload 

Complete

AMR Payload 

Received

Transmit Frame

Block Timeout


Figure 4: GAN MS and GANC MGW common inter-block signalling

2.2 AMR TOC variants during DTX
Figure 5 shows the state diagram for one interpretation of how to pack the AMR TOC during DTX. It is based on Section 5.3 of RFC 3267, which requires inclusion of a NO_DATA entry for each 20 ms period during which neither speech nor SID frame is available. Figure 6 shows an example of the AMR TOC contents when a SID frame is inserted every 160 ms. This creates 7 20 ms periods when a Transmit Frame Block Timeout occurs and a NO_DATA entry is placed in the TOC for each timeout.
Hereafter in this contribution, this type of formatting during DTX will be referred to as “Variant 1”.


[image: image5.emf]NO DATA

IDLE

ACTIVE

1 2

4 5

3

6

IDLE

– No data stream, so no AMR TOC under construction

NO DATA

– Neither speech nor SID frame from the codec

or transcoder for at least the previous 20 msec period…

add to queue of NO_DATA entries in the TOC under construction

ACTIVE

– Speech or SID frame received from the codec

or transcoder during the previous 20 msec period

1

– Expect beginning of data stream (e.g., call leg added)

2

– Data stream ended (e.g., call leg released)

3

–

Transmit frame block timeout

… next 20 ms period ends

4

–

Frame block complete

… speech or SID frame received,

do 

not

flush AMR TOC queue of NO_DATA entries

5

–

Transmit frame block timeout

… next 20 ms period has

ended without receipt of speech or SID frame

6

–

Frame block complete

… speech or SID frame received 


Figure 5: GAN AMR TOC state transitions, Variant 1
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Figure 6: Example of GAN AMR TOC format, Variant 1
The problem with the approach in Figure 5 and Figure 6 is that Section 5.3 of RFC 3267 is intended as a prescription for file storage or e-mail attachment format, not real-time streaming. It seems the insertion of NO_DATA frames eliminates the dependence on the timestamp in the RTP header, as every 20 ms frame is accounted for – speech, SID, or NO_DATA. This facilitates exact reconstruction (playback) of the data stream from a statically stored file or received e-mail. Whereas for real-time streaming, the inclusion of NO_DATA entries in the TOC unnecessarily increases the size of exchanged RTP packets by the MS and MGW endpoints.
Figure 7 shows the other common interpretation of RFC 3267, which does not include NO_DATA entries in the AMR TOC within the real-time streams exchanged between MS and MGW. Note the only difference is the treatment of the Frame Block Complete event following one or more Transmit Frame Block Timeout events. Whereas an MS or MGW behaving according to Figure 5 retains the queued NO_DATA entries in the AMR TOC, an MS or MGW behaving according to Figure 7 flushes the queue of NO_DATA entries upon insertion of a speech or SID frame. Figure 8 shows an example of the AMR TOC contents when a SID frame is inserted every 160 ms. Only the SID entry is retained. Hereafter in this contribution, this type of formatting during DTX will be referred to as “Variant 2”.
2.3 Problems arising from variant formatting
If all MS and MGW vendors within a network exclusively use either Variant 1 or Variant 2, then there should clearly be no problem. However, the introduction of a new vendor which uses the opposite variant from those already in the network can cause the network issues described below.
It is unclear how an MS (or MGW) using Variant 1 will react when receiving an RTP packet formatted by a MGW (or MS) using Variant 2. At least one vendor using Variant 2 declares an invalid frame format upon receipt of a Variant 1 RTP packet. This causes frame loss which can lead to unwarranted hand-out during DTX. This is true whether the MS uses Variant 1 and incorrectly perceives frame loss, or whether the MGW uses Variant 1 and upon similarly unwarranted declaration of frame loss causes the controlling GANC to report “bad quality” in a ULQI message to the MS. In either case, the MS may request premature hand-out. This causes increased signalling loads in the control plane, increased load on the GERAN radio links, possible reduction of voice quality experienced by the MS user, and potential alarms or exaggerated peg counts for handover that needlessly consume the time of network operations staff members.

2.4 Alternative remedies
There seem to be three alternatives for clarification within TS 44.318:

1. Require that all GAN MS and GANC MGW vendors use Variant 1 (encode and decode).

2. Require that all GAN MS and GANC MGW vendors use Variant 2 (encode and decode).

3. Require that regardless of encode variant used, all GAN MS and GANC MGW vendors accept both Variant 1 and Variant 2 upon decode.

The alternatives are listed in reverse order of preference based on the following rationale. Variant 1 is an interpretation that seems to incorrectly reference Section 5.3 of RFC 3267 as described previously. Alternative 1 therefore seems least desirable. However, if the great majority of vendors adhere to this variant, perhaps this alternative could be adopted. But if a significant number of vendors use Variant 2, because this variant seems to more aptly apply the correct sections of RFC 3267 (Section 5.3 is not applied for real-time streaming), then Alternative 2 would seem to be preferred over Alternative 1.
Either Alternative 1 or Alternative 2 would require some vendors to change both their encode and their decode behavior. Perhaps a more even-handed approach would be Alternative 3, which asks all vendors to alter only their decode behavior to not only accept receipt of the variant already used by that vendor, but to also accept the other variant without declaration of frame loss.
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Figure 7: GAN AMR TOC state transitions, Variant 2
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Figure 8: Example of GAN AMR TOC format, Variant 2
2.5 Proposed wording for CR

If Alternative 3 is agreeable, the following change in wording for TS 44.318 will be proposed in a CR. Additionally in that CR, an example describing both formats will be added to Section A.1.2 of Annex A.
************** First modification*********************
7.4.3
Reception of GA-CSR ACTIVATE CHANNEL ACK by GANC

The GANC shall configure itself for transmission of RTP packets to the MS to the indicated UDP port and RTCP packets to the MS, if the IE 'RTCP UDP Port' is included by the MS, and transmit a GA-CSR ACTIVATE CHANNEL COMPLETE message to the MS.

To enable downlink quality measurements in the MS, the GANC shall send at least one RTP frame each 480 ms. During periods of discontinuous transmission (DTX), each RTP frame transmitted by the GANC shall assume one of the following formats, although the latter is preferred:
1. The AMR payload Table of Contents shall include one NO_DATA indication for each 20 ms period for which there is no speech or SID frames to send. These NO_DATA indications should not be sent until either (a) the next AMR speech or SID frame is available or (b) no AMR speech or SID frame is available for 480 ms. The RTP timestamp should indicate the time of the first NO_DATA frame.

2. The AMR payload Table of Contents shall either (a) omit all NO_DATA indications and contain only the next AMR speech or SID frame that is available, or (b) include a single NO_DATA frame should no AMR speech or SID frame become available for 480 ms. The RTP timestamp should indicate the time of that speech or SID or NO_DATA frame.
The GANC shall accept either format from the MS without declaring an error or loss of frame, unless no frame is received from the MS for a period exceeding 480 ms as prescribed above.
************** Next modification*********************
7.4.4
Reception of GA-CSR ACTIVATE CHANNEL COMPLETE by MS

The RTP channel is available for use by upper layers. To enable uplink quality measurements in the GANC, the MS shall send at least one RTP frame each 480 ms. During periods of discontinuous transmission (DTX), each RTP frame transmitted by the MS shall assume one of the following formats, although the latter is preferred:
1. The AMR payload Table of Contents shall include one NO_DATA indication for each 20 ms period for which there is no speech or SID frames to send. These NO_DATA indications should not be sent until either (a) the next AMR speech or SID frame is available or (b) no AMR speech or SID frame is available for 480 ms. The RTP timestamp should indicate the time of the first NO_DATA frame. 
2. The AMR payload Table of Contents shall either (a) omit all NO_DATA indications and contain only the next AMR speech or SID frame that is available, or (b) include a single NO_DATA frame should no AMR speech or SID frame become available for 480 ms. The RTP timestamp should indicate the time of that speech or SID or NO_DATA frame.
The MS shall accept either format from the GANC without declaring an error or loss of frame, unless no frame is received from the GANC for a period exceeding 480 ms as prescribed above.

Stop timer TU3911.
3 Conclusion

As presented in the previous section, it is proposed to require all GAN MS and GANC MGW (or monolithic GANC) vendors to accept receipt of RTP packets formatted in either a Variant 1 style (NO_DATA entries are included in the AMR TOC during periods of DTX) or a Variant 2 style (NO_DATA entries are not included in the AMR TOC as long as a SID frame is inserted at least every 480 ms). If this requirement can be agreed, it is proposed to include this change in Sections 7.4.3, 7.4.4, and A.1.2 of TS 44.318. The change should be applied beginning with 3GPP Rel-7.
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