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Introduction
3GPP GERAN is considering a proposal to send SMS (SMS-PP)over FACCH (Fast Associated Control Channel [6]) and requested analysis from SA4 on the impact to speech quality. An analysis of sending SMS over FACCH [1] was provided in [9].  This document describes the framework that was used to simulate the effects of the FACCH stealing voice frames on the speech traffic channel.  The resulting decoded speech patterns were used by different companies to run listening tests to assess the impact on speech quality.
SMS transmission during voice call 

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 SMS specific 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 on the SACCH  
	
	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 and in perfect radio conditions the first CP-DATA message will trigger the transmission of 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 TCH/F full rate physical channel carrying voice data is made up of 40ms radio blocks. Each radio block carries speech data from speech frame N and speech frame N-1. In the case of half-rate physical channel each radio block has a 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 from 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 14 or 28 speech frames will be lost in each direction in the case of perfect radio conditions.  This number of lost frames will increase if the FACCH frame or its ACK is corrupted as this would require retransmission of the FACCH frame. 
1.1 Link Level and LAPDm simulations

GERAN link level simulations for transporting the GSM Full Rate, GSM Enhanced Full Rate, AMR 12.2, AMR HR 7.95, and GSM Half Rate codecs were conducted.  The simulation parameters used were similar to those used for the eCall test set-up [10] with the exception that Ideal Frequency Hopping is enabled.
	Parameter
	Value

	Channel model/mobility
	TU3

	Ideal Frequency Hopping
	Enabled

	Receiver 
	Conventional (no DARP Phase 1)

	Receiver Diversity
	None

	Simulation blocks (20ms)
	30000


A number of C/I values were tried for each codec until an FER of ~ 1% was achieved. The error patterns for the FACCH at these C/I values were then simulated.  The statistics for these link level error patterns are summarized in Table 2.

Table 2 Statistics for link level speech and FACCH error patterns 
	
	FER of Speech (%)
	C/I (dB)
	FACCH FER (%)

	GSM FR
	1.0867
	8.64
	1.54

	GSM EFR
	1.0267
	8.64
	1.54

	AMR 12.2
	0.9867
	8.97
	1.18

	GSM HR
	0.9967
	9.3
	2.22

	AMR HR 7.95
	0.9767
	14.5
	0.0467


The LAPDm protocol was simulated using the FACCH error traces to determine whether FACCH frame transmissions were successful or required retransmission.  Whenever a FACCH frame stole a speech frame (or two for half rate) the loss was added to the speech error trace for the codec.  This produced a mask that represented the combination of error losses and frame stealing.
The speech error traces without frame-stealing were also provided for the listening tests to compare the difference between frame-stealing and no frame-stealing.  Failure of the CRC on the speech frames resulted in complete loss of the frame, e.g., Class B and Class C bits were not provided to the decoder.  This was done for both cases of when frame-stealing was employed and when it was not, allowing for an apples-to-apples comparison of frame-stealing.
1.2 SMS Transmission Model

To produce a model for the frequency of SMS transmissions in a voice call a number of factors and scenarios were considered:

1. SMS usage is still rapidly increasing at an expected 8 trillion messages in 2011 vs. 6.9 trillion in 2010 and ~2 trillion in 2007.  Actual numbers exceed forecasts by several orders of magnitude and usage growth is likely to persist with new applications or commodities that are not packet-based.

2. Applications such as Facebook allow use of SMS to update not only one’s status (user-to-Facebook), but also to receive status updates from friends or groups, friend requests, messages, wall posts etc (Facebook-to-user). While the uplink can be controlled by the user, the downlink cannot as soon as this feature is activated.  Not everyone has a data plan and unlimited SMS plans do exist that can support such usage.  SMS for internet services have been used for quite a while.

3. Twitter services are built around SMS transmissions which are still one of the primary means for transporting “tweets.”  There are 200 million twitter users as of  March, 2011, generating over 200 million tweets and handling over 1.6 billion search queries per day. 
4. There are use cases where one can experience multiple SMSs while in speech call.  One scenario is when you just land at an airport and switch-on your phone and make the usual I-have-just-landed-call or listen to your voicemail, while the networks pushes multiple SMSs to your mobile (charging information/roaming details, welcome messages, emergency numbers, queued SMSs sent to you during the flight, etc…). Also, apps (e.g. Facebook, tweets, and futures apps to come) you have been using off-line during the flight can queue up a number of SMS messages that will be transmitted once you switch the phone on to make a voice call.

5. Typically SMS transmissions between users does not affect the sender as they are not usually on a voice call.  However it can affect a receiver who may be engaged in a voice call during the SMS reception.
6. There are a number of internet sites from which free sms can be sent. If hackers know that SMS transmissions impair speech quality, it is fairly easy to for them to mount denial of service attacks to maliciously degrade the speech quality of users. 
The above scenarios demonstrate that there is increasing usage of SMS messages that are sent during active voice calls.  But these scenarios do not give an easily justifiable model of how many SMS messages to expect during a voice call.  Instead of attempting to generate a model for each of the above, we find it more conclusive to focus on what is the effect on the speech quality when an SMS is actually sent.  This allows SA4 to provide an evaluation of how sending an SMS over the FACCH affects speech quality.

For each codec four different SMS transmission sequences were used, each with different number of concatenated SMSs.  Figure 2 illustrates how the SMS sequences are scheduled: concatenated SMS sequences are separated by 5 seconds of speech without any SMS transmission. 
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Figure 2: Number of concatenated SMS for the different SMS transmission sequences
The repetition of SMS messages in the above sequences increases the chances the SMS transmissions span across all scenarios of speech (full word, beginning of a word, middle of it, end of a word, background noise), while ensuring regions remain where speech is unaffected. This allows a more complete evaluation. While the larger number of SMS transmissions taken over the entire sample can be artificial for some use cases, the short sentences used for the listening tests generally prevent there from being more than one SMS transmission during each sentence.

For each of the SMS transmission sequences described above, error+frame stealing masks were produced for two different values for the frame-stealing recurrence:

1. Aggressive FACCH frame-stealing was performed every 120ms which would correspond to a network with short backhaul delays and processing times as the ACK for the FACCH frame is received within 120ms.

2. Conservative FACCH frame-stealing was performed every 200ms which would correspond to a network with longer backhaul delays and processing times, thus delaying transmission and delivery of the ACK for the FACCH frame.
Note: for the purpose of the simulation, the response times are considered to be the same on both the mobile station and the network, and the interval between two consecutive LAPDm frames is constant regardless of whether frames are transmitted in the uplink direction or in the downlink direction.
The impact of speech frame loss may be minimized by spreading-out transmission of each LAPDm frame that carry CP information 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. Furthermore, FACCH is also used by other GSM L3 protocols such as Radio Resource Management and Supplementary Services. Any algorithm for transmission of SMS over FACCH would need to take this into account. Sending SMS over the FACCH would break an essential part of the GSM system  that is designed to only allow time-sensitive information or critical messages to be sent on the FACCH, thus keeping the impacts to the TCH to a bare minimum.
Conclusion 

This document describes the simulation set-up used to generate the frame error + stealing masks when transmitting SMS over the FACCH.  These masks are used for listening tests described in [11]

 REF _Ref300071300 \r \h 
 \* MERGEFORMAT [12]

 REF _Ref300071302 \r \h 
 \* MERGEFORMAT [13][14].
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