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Introduction
3GPP GERAN is considering a proposal to send SMS over FACCH (Fast Associated Control Channel [6]) and requested analysis from SA4 on the impact to speech quality. This contribution provides analysis of sending SMS over FACCH [1].
SMS transmission during voice call 

During a voice call SMS is carried over the SACCH (Slow Associated Control Channel [6]) to avoid any interruption to transmission of voice packets over the radio interface (see figure 7a and 7b in [6]). When SMS transmission is taking place SACCH is shared between transmission of GERAN Radio Resource (RR) management messages (measurement reports on the uplink and System Information Type 5 (possibly 5bis, 5ter) and 6 and measurements configuration messages on the downlink) and SMS signaling [2]. 
The Layer 3 message sequence for transmission of an SMS message over the radio interface is shown in Figure 1 below. This figure depicts a mobile originated SMS but the sequence over the radio interface is similar for mobile terminated SMS. There are three protocols involved in transfer of SMS: Transfer layer Protocol (TP) [3], Relay Protocol (RP) [4] and Control Protocol (CP) [4].
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Figure 1: MO SMS Transmission over the radio interface
Table 1 Number of LAPDm frames in each direction 
	
	Uplink
	Downlink

	L2 SAPI 3 Establishment
(SABM and UA)
	1
	1

	CP-DATA from MS to NW

(containing RP Data)
	11
	11

	CP-ACK from NW to MS
	1
	1

	CP-DATA from NW to MS

(containing RP-ACK)
	1
	1

	CP-ACK from MS to NW
	1
	1

	Total LAPDm frames in each direction
	15
	15


The CP entity makes use of the Data Link layer called LAPDm (Link Access Protocol on the Dm channel) [5] to transfer CP PDUs over the radio interface. The LAPDm entity has to establish a SAPI 3 connection over the radio interface to transfer the SMS message (SABM and UA LAPDm frames, 1 in each direction). On SACCH, each LAPDm frame can carry up to 18 octets of L3 data. Layer 3 messages longer than 18 octets will be segmented by LAPDm and transmit each segment over the radio interface using LAPDm acknowledged mode. LAPDm employs a window size of 1 hence every segment of Layer 3 PDU has to be acknowledged by the peer LAPDm.

The maximum size of L3 message that carry user text can be as long as 183 octets for MO SMS and 181 octets for MT SMS (see [3] and [4]). Hence this would require 11 LAPDm frames, where each of these 11 LAPDm frames will be acknowledged by the peer LAPDm entity.

With reference to Figure 1 the first CP-DATA message will take 11 LAPDm frames + 11 acknowledgments in the reverse direction while the remaining three CP messages will each require 1 LAPDm frame + 1 acknowledgment in the reverse direction. Therefore a total of 15 LAPDm frames are required in the uplink and a total of 15 LAPDm frames are required in the downlink to transfer one SMS message over the radio interface.
In case of FACCH, the radio block can contain 20 octets of data (no layer 1 header), so the above SMS would require only 10 segments (10x20) instead of 11, and the total number of FACCH frames each direction becomes 14. 
The full rate physical channel for carrying voice data is made up of 40ms radio blocks. Each radio block carries speech data from speech sample N and speech sample N-1. In the case of half-rate physical channel each radio block has duration of 40ms. FACCH is a dynamic channel which steals radio blocks from the physical radio channel used to transfer speech data. The receiving entity knows that the radio block carries speech data or signaling data because there is an indicator (a ‘stealing flag’) in the header of each radio block. The FACCH channel is generally used for sending signaling messages related to handover, call related supplementary services (call waiting, call hold, multi-party etc), DTMF, and USSD. 
If FACCH were to be used for transferring SMS then each LAPDm frame will cause loss of 1 speech frame in full rate or 2 consecutive speech frames in half rate. Therefore, a total of 15 or 30 speech frames will be lost in each direction. 
To estimate the impact to Frame Erasure Rate, the duration of a LAPDm frame is approximated by the corresponding allowed LAPDm repetition rate on FACCH in [5] subclause 8.9 in terms of repetition delay on FACCH, which specifies a range of 26 to 39 TDMA frames for a fullrate voice channel and a range of 34 and 44 TDMA frames for a halfrate voice channel. This results in the following estimates for the Frame Erasure Rate:

· 20ms/180 ms to 20ms/120 ms = 11.1% to 16.7% for a fullrate voice channel and 

· 2* (20ms/203ms) to 2* (20ms/157 ms) = 19.7% to 25.5% for a halfrate voice channel

for the required duration of 15 LAPDm frames on the DL or 15 LAPDm frames in the UL. Hence the time of channel degradation is roughly 1.8 to 2.7 sec for a full rate voice channel and 2.4 to 3.1 sec for a halfrate voice channel in DL. 

Speech frame loss scales linearly with the number of SMS messages being transferred. Concatenated SMSs will also increase the amount of lost speech frames (~2x, ~3x, ~4x, etc… multiplying the time of channel degradation above by how large the concatenation is). The impact of speech frame loss may be minimized by spreading-out each LAPDm frame but this would need to be investigated to determine the optimal spacing between each LAPDm frame – and even that would not prevent speech deterioration vs. no speech frame loss. This would also require changes in the LAPDm protocol. If the LAPDm frames were sent too far apart then there is the danger of Layer 3 protocol timeout and this could trigger re-transmission of the same SMS message again. 
In any event, the use of FACCH for SMS transmission will substantially increase the number of lost speech frames even if some mitigation methods could be found. According to performance characterization of AMR under FER (Section D.1 [8]), perceptual speech quality starts dropping precipitously when FER percentage increases beyond normal range (~1%). Moreover, the use of FACCH for SMS causes bursty speech frame loss and the impact to speech quality is therefore much more severe. In such case, special handling such as muting is recommended in [7]. Hence, SMS on FACCH will inevitably degrade speech quality. 
Conclusion 

This document has provided an analysis of transferring one SMS message over the radio interface on FACCH during a voice call. Based on the analysis it is concluded that sending SMS over the FACCH will degrade speech quality to an extent that could be significant as depicted. Sending SMS on FACCH does not seem a viable solution due to the inevitable degradation of speech quality.
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