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FLO-compatible Quick Fix for VT over GERAN

1. Introduction

It is widely agreed that it will be quite expensive for the current 3G networks to provide full video coverage in sparsely populated areas. One solution to this problem is to reuse the existing GSM infrastructure to enable VT services in areas without 3G coverage. 

It has been proposed [1] that the video traffic would be transported over the Enhanced Circuit-Switched Data (ECSD) service. The main problem of this approach is that the end-to-end delay of ECSD is unacceptably large for video telephony, thus meaning that some modifications are needed .

The most efficient way to reduce the end-to-end delay of ECSD is to reduce the interleaving depth. Since the reduced interleaving depth means that the coverage is reduced as well, it has to be ensured that the coverage will be enough also for the most tightly dimensioned networks. On the other hand, it would be advantageous if the VT service could be rapidly introduced in those networks where the dimensioning enables the required trade-off between delay and coverage.

In order to fulfil these contradictory needs, it has been determined in 3GPP to split the evolution of VT into two paths: the Quick Fix and the Full Concept [2]. The main difference between these options is that only end-to-end delay is considered by Quick Fix, while the Full Concept will address also the coverage enchancements and some system level issues (e.g. service continuity).

The purpose of this document is to assess the performance of two potential channel coding solutions for the Quick Fix: modified E-TCH/F32.0 and FLO-compatible code.

2. DESCRIPTION OF THE SOLUTIONS

2.1 Modified E-TCH/F32.0

One option to reduce the interleaving depth is to replace the original interleaving of E-TCH/F32.0 (110ms) with a shorter one. In this contribution, three interleaving depths (40, 60, and 80 ms) are considered, the interleaving patterns being as defined in [3].

2.2 FLO-compatible Code

Another option for the delay reduction is to replace the channel coding of E-TCH/F32.0 with a coding that is compatible with the Flexible Layer One (FLO) concept [4]. In this alternative, the generic FLO engine is used to produce a dedicated channel-coding scheme that replaces the old E-TCH/F32.0. It is very important to note that the channel coding is purely described in the ‘classic style’ (by defining the CRC polynomial, convolutional coding polynomials, puncturing table, interleaving formula) instead of giving the FLO parameters. However, all channel coding steps are compatible with the general FLO framework.

The channel coding architecture of the FLO compatible code is presented in Figure 1. As the first step, the mother code (EGPRS MCS-1) is punctured with a pattern that is obtained from the rate-matching engine of FLO. Next, the interleaving formula of FLO is used to produce interleaving patterns for one of the interleaving schemes (40ms, 60ms, 80ms). For 60 ms scheme, the parameter D (interleaving depth) is replaced with 2D in order to fix the problem of overlapping bit positions in the interleaving table. Finally, the bits are mapped to the bursts for the transmission over radio channel. The burst mapping is transparent, since no stealing flags are used in FLO framework due to limitations of the generic interleaving formula.
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Figure 1 - Quick Fix Alternatives

As can be seen, not all channel coding steps of FLO are used. In particular, CRC attachment, transport channel multiplexing, TFCI encoding, in-band signalling, and radio packet mapping are not used since there is no need for CRC and transport channels. 

2.3 Power Control

Three options are available for the power control (PC) of ECSD channels: The first option is to use the normal SACCH-based power control (480 ms) for the reporting of the channel quality measurements and sending the power control commands. Another option is to use fast power control (FPC) that was introduced in GERAN Release 99. The fast signalling rate of FPC (20 ms) is achieved by using the stealing bits of an ECSD channel. The third option is to use the enhanced power control (EPC) that was introduced in GERAN Release 5. The EPC uses a modified SACCH channel that allows the PC messages to be carried on a single SACCH burst, thus resulting to a reporting period of 120 ms.

With modified E-TCH/F32.0, all three PC schemes can be used since only interleaving pattern is changed.

With FLO compatible code, FPC is not possible due to the lack of stealing bits. It would be in theory possible to add stealing bits, but this would require a new interleaving formula. As a consequence, the solution would not be FLO-compatible anymore. However, EPC can be still used if faster power control is needed.
3. Performance

3.1 Link Layer Performance

The link layer performance of the studied solutions was assessed with a proprietary GSM/EDGE simulator. The most important simulation parameters are listed in Table 1 below:

 Table 1 –Parameters for the link layer simulations
	Parameter
	Value

	Number of simulation steps (per CIR/SNR value)
	20000 - 200000

	Channel models
	TU3iFH, HT100nFH

	Frequency band
	900 MHz

	Interference
	Co-channel

	Receiver impairments
	Phase noise

Mixer phase error

I/Q amplitude imbalance

DC offset 


The simulation results are presented in Annex A and summarized in Table 2 below. As can be seen, the FLO compatible code outperforms the modified E-TCH/F32.0 on all interleaving lengths. It is also interesting to note that the performance of the FLO compatible code with 60 ms interleaving is very close to the performance of E-TCH/F32.0 with 110 ms interleaving. With 40 ms interleaving, the performance of both alternatives is heavily degraded, thus implying that 60 ms interleaving seems to be a perfect compromise between performance and delay.

Table 2 – Link layer results
	Scheme
	Gain versus E-TCH/F32.0 C/Ico@BER=10-4 (TU3iFH)
	Gain versus E-TCH/F32.0 S/N@BER=10-4 (HT100nFH)

	Modified E-TCH/F32.0 (80 ms)
	-0.56
	-0.74

	Modified E-TCH/F32.0 (60 ms)
	-1.40
	-2.01

	Modified E-TCH/F32.0 (40 ms)
	-2.54
	-4.49

	FLO Compatible Code (80 ms)
	0.67
	0.64

	FLO Compatible Code (60 ms)
	0.02
	0.06

	FLO Compatible Code (40 ms)
	-1.18
	-1.72


The good performance of the FLO compatible code can be seen as a result of two reasons: Firstly, no stealing flags are used in FLO, thus implying that 24 extra bits are available for the channel coding. Secondly, it can be seen from the performance figures that the plain convolutional code performs on high BER values better than the concatenated RS/convolutional code.

It should be noted that the RS/convolutional code is itself a stronger code than the plain convolutional code, as can be seen by comparing the slopes of the performance curves. Unfortunately, this property does not manifest itself on the CIR or SNR range that is critical for video services. It should be also mentioned that the RS/convolutional code performs better when only block errors are considered. This is because the RS codec corrects either all residual bit errors of a radio block or alternatively none of them. Unfortunately, the correctness of the whole radio block cannot be exploited in case of VT services.

3.2 Coverage

The sensitivity limited performance was examined with a simplified link budget method. The link balance is assumed to be in favor of the downlink, therefore implying that only uplink is considered in the calculations. The average pathloss is determined by the Okumura-Hata model (rural area version), while the shadowing is taken into account by assuming a slow fading margin (SFM) of 7.7 dB. The assumed fast-fading profile is HT100nFH, the SNR target values being given in Table 2. The rest of the parameters are listed in Appendix C, which shows the link budget for E-TCH/F32.0 (110ms) as an example. It should be noted that the values for the link budget are same as in [5] (Annex A.1), except for the MHA and RX diversity gains.

The noise limited cell sizes for the different interleaving depths are shown in Table 3. As can be seen, the 2.07 dB performance difference between the two channel coding options (at 60 ms interleaving) translates into an 1.3 km difference in cell radius.

Table 3 - Noise limited cell sizes
	Scheme
	Noise limited cell radius [km]

	E-TCH/F32.0 (110 ms)
	10.2

	Modified E-TCH/F32.0 (80 ms)
	9.8

	Modified E-TCH/F32.0 (60 ms)
	9.0

	Modified E-TCH/F32.0 (40 ms)
	7.7

	FLO Compatible Code (80 ms)
	10.7

	FLO Compatible Code (60 ms)
	10.3

	FLO Compatible Code (40 ms)
	9.2


3.3 System level simulations

3.3.1 Simulator configuration

Network performance was studied with dynamic high resolution GSM/EDGE system simulation tool. The simulator uses non-averaged burst level mapping between system and link simulators. 

The main simulation parameters are summarized in Table 4. They are based on Configuration 1 of SAIC feasibility study [6]. The simulated network had hexagon-shaped cells, grouped by three into one site. The transceiver antenna was located in the site center facing outwards (see Appendix C, the arrows show the direction of the antenna beam). In TCH layer random frequency hopping with 1/1 reuse plan was used. Due to MAIO management, there was no co-channel and no adjacent channel interference between cells in one site. BCCH layer was not included in these simulations. Site-to-site distance was set to 1500m. Simulations were run for a single service case: ECSD transparent connection.

Table 4 – System level network simulation parameters

	Parameter
	Value and unit
	Comment

	frequency
	900 MHz
	

	bandwidth
	7.8 MHz
	for TCH transceivers

	hopping
	random RF
	neither co-, nor adj. ch. interf.

	cell radius
	500 m
	

	number of cells
	75
	25 sectorized sites

	cells per site
	3
	

	slow fading standard deviation
	6 dB
	

	lognormal corr. distance
	110 m
	

	adj. channel interf. attenuation
	18 dB
	

	handover
	quality and level based
	HO margin 3 dB

	power control
	quality and level based
	

	max. BTS output power
	20 W
	

	fast fading
	typical urban (TU) channel
	as defined in GSM spec. 05.05

	MS speed
	50 km/h
	

	mean call length
	90 s
	

	min. call length
	5 s
	


3.3.2 Simulation results

The network performance was examined by using the Bad Quality Sample ratio (BQS) as a quality measure. A sample over one interleaving period with coded BER above 10‑4 was considered as bad. The BQS ratio was then computed as the number of bad samples divided by all samples received in certain area (about 50 m2).
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Figure 2 - Bad quality sample ratio

As can be seen from Figure 2, the modified E-TCH/F32.0 (60 ms) has more than twice the amount of bad quality samples as the FLO compatible code (60 ms). This difference is further illustrated in Appendix D, which shows the distribution of BQS across the service area.

4. CONCLUSIONS

The intention of this contribution was to compare two Quick Fix solutions for the video telephony over GERAN; FLO compatible code and modified E-TCH/F32.0. The main benefit of the FLO compatible code is that all channel coding steps are matched with the general FLO framework, thus enabling a smooth transition to a possible FLO over A-interface solution in GERAN Release 7. 

It was found out that the FLO compatible code performs better than the modified E-TCH/F32.0 on all interleaving depths. In particular, the performance of the FLO compatible code on 60 ms interleaving equals the performance of the original E-TCH/F32.0 (110 ms).

The only drawback of the FLO compatible code is that FPC (1/20 ms adaptation rate) cannot be used due to the absence of the stealing bits. However, it will be still possible to use EPC (1/120 ms adaptation rate) if fast control of the output power is needed.

As a conclusion, the FLO compatible code with 60 ms interleaving gives the best compromise between performance and delay, thus implying that it should be selected as the channel coding scheme for E-TCH/F32.0.
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Annex A – Link Layer Performance (TU3iFH)
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Annex B – Link Layer Performance (HT100nFH)
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Annex C –Link budget for E-TCH/F32.0 (110ms)

	MOBILE STATION (TX)
	 
	 
	 

	
	Maximum RF output power for GMSK
	dBm
	33

	
	Backoff for 8PSK
	dB
	6

	
	Antenna gain + body loss
	dB
	0

	
	EIRP
	dBm
	27

	RADIO PATH
	 
	 

	
	Frequency band
	MHz
	900

	
	BTS antenna height
	m
	25

	
	MS antenna height
	m
	1.5

	
	Cell radius
	km
	10.2

	
	Average path loss (Okumura-Hata)
	dB
	135.1

	
	Slow fading standard deviation
	dB
	6.0

	
	Coverage probability at cell border
	 
	0.9

	
	Slow fade margin
	dB
	7.7

	
	Total pathloss
	dB
	142.7

	BASE STATION (RX)
	 
	 
	 

	
	BTS antenna gain
	dB
	12

	
	Cable + connector loss
	dB
	4

	
	MHA gain
	dB
	3

	
	Diversity gain
	dB
	3

	
	Received power
	dBm
	-101.7

	
	BTS noise level (T = 290 K)
	dBm
	-119.7

	
	SNR target (BER=10^-4)
	dB
	17.95

	
	BTS sensitivity
	dBm
	-101.8

	 
	Power balance
	dB
	0.06


Annex D – Availability maps
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