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Performance of the link layer improvements for CS video telephony over GERAN

1. Introduction

The purpose of this contribution is to evaluate the link and system level performance of several improved channel coding schemes for the GERAN video telephony.

2. evaluated schemes

The considered options for improving the coverage of the existing VT bearer (2 x ECSD/32.0k) are the following:

· Increased resource bandwidth (more timeslots)

· Decreased codec rate (32 kbit/s)

· Link adaptation

· Stronger channel coding (e.g. Turbo Codes)

· Improved receiver performance (e.g. GMSK-SAIC)

This contribution will focus on the first three options. 

2.1 Increased resource bandwidth

The resource bandwidth of VT can be increased by using more time slots. If the payload (codec rate) remains the same, the extra slots can be used to decrease the channel coding rate and hence improve the coverage. 

In practice, the number of available time slots is limited by the multislot class and SAR requirements. Furthermore, the maximum uplink power of 8PSK is lower than the maximum power of GMSK, since the PA cannot operate in its saturation region.

The evaluated channel allocation schemes are briefly described below. It is assumed that the modulation is 8PSK and the 3G-324M codec produces a bitstream of 64 kbit/s. 

· 2DL+2UL. The 2/2 scheme (QuickFix) provides two E-TCH/F32.0 channels for the transmission of VT traffic. The E-TCH/F32.0 was modified in GERAN#22 in order to reduce the interleaving delay of the VT bearer and to make the channel coding FLO-compatible [1]. In this study, the 2/2 scheme will be used as a reference (worst) case.

· 3DL+3UL. The 3/3 scheme [2] provides a symmetric VT bearer with increased robustness for both uplink and downlink. Unfortunately, with three slots in uplink, it is very likely that the MS cannot transmit at full power. If it is assumed that no power reduction is needed with the transmission of two uplink 8-PSK slots, the transmission of three slots would imply a reduction of 1.8 dB (at maximum).
· 3DL+2UL. The 3/2 scheme can be seen as a compromise between the symmetric schemes. If the link balance was limited by the downlink, the performance of the 3/2 scheme is potentially close to the 3/3 scheme.
· 2DL+3UL. The 2/3 scheme would be useful in networks, where the link balance is limited by the uplink. Typically, this condition is valid in rural area deployments. The main downside of the 2/3 scheme is that the gain obtained from the more robust uplink coding is partly lost for the reduced mobile power (up to 1.8 dB).
· 2.5DL+2.5UL. If a symmetric allocation was needed, but the 3/3 scheme is not feasible, the 2.5/2.5 scheme could be an option worth considering. The 2.5/2.5 allocation means that the time slot configuration is alternated between the 3/2 and 2/3 schemes, as described in [2]. The main benefit of this scheme is that the uplink power needs to be decreased only by ~1 dB in contrast to the ~1.8 dB reduction for the 3/3 scheme. The major downside of the 2.5/2.5 scheme is that it would likely require more implementation work than the other schemes.
One benefit of the 3/2, 2/3, and 2.5/2.5 schemes over the 3/3 scheme is that a mobile satisfying sum=5 (MSC 8-12) can be used. Today, it is not possible to use a MSC greater than 18 for ECSD/HSCSD.

2.2 Decreased video coding rate

The sensitivity of the VT bearer can be also increased by decreasing the video coding rate. In this study, the performance of a 32.0 kbit/s bearer will be evaluated. Such bearer would be capable of providing, for example, 4.75 kbit/s for the AMR speech, ~24 kbit/s for the MPEG-4 video, and ~4 kbit/s for the MUX overhead. It is here assumed that the current generation of low-rate video codecs is capable of providing sufficient quality on a 32 kbit/s bearer.

One option would be the use of GMSK modulation for the most robust channel coding mode (at cell borders). The channel coding of this scheme would be less robust than the channel code of the corresponding 8-PSK configuration, but this impairment would be compensated by the higher maximum output power and the higher sensitivity of the GMSK modulation. Furthermore, it would be possible to apply SAIC at the mobile side. It should be noted that the interleaving engine of FLO does not currently support the 60 ms interleaving on GMSK channels.

2.3 Link adaptation

In order to have the maximum benefit from the more robust channel coding schemes, the VT should support link adaptation. The considered LA modes are shown in Table 1 below:

Table 1 –Link adaptation modes
	LA mode
	Codec mode
	Channel allocation
	Code rate

	1
	64 kbit/s
	2DL / 2UL
	0.46DL / 0.46UL

	2
	64 kbit/s
	2.5DL / 2.5UL
	0.37DL / 0.37UL

	3
	64 kbit/s
	3DL / 2UL
	0.31DL / 0.46UL

	4
	64 kbit/s
	2DL / 3UL
	0.46DL / 0.31UL

	5
	64 kbit/s
	3DL / 3UL
	0.31DL / 0.31UL

	6
	32 kbit/s
	2DL / 2UL
	0.23DL / 0.23UL


It could be, for example, possible to use the LA modes 1 and 3 in the urban areas, where the network is typically DL limited. On the other hand, modes 1 and 4 could be used in rural areas, where the link is often limited by the uplink. The 32 kbit/s mode could be used e.g. to enhance the coverage at the cell borders and to fill the gaps in indoor coverage.

3. Link simulations

3.1 Configuration

The link level performance of the studied channel coding schemes was evaluated with a proprietary GSM/EDGE link lever simulator. The following common parameters were used for all simulations: 

Table 2 – Common parameters for the link level simulator
	Parameter
	Value

	Number of simulation steps (per CIR value)
	200000

	Channel model
	TU3iFH

	Frequency band
	900 MHz

	Interference
	Co-channel

	Receiver impairments
	Phase noise

Mixer phase error

I/Q amplitude imbalance

DC offset 


The channel coding of the evaluated LA modes was carried out with the Flexible Layer One. The transport block sizes were determined by evenly splitting the codec payload into appropriate number of FR time slots. The only exception was the LA mode 2 (2.5/2.5), where the VT traffic was assumed to be carrier with two FR-channels and one HR-channel. The transport block size was 512 bits for the full rate channel, and 256 bits for the half rate channel. The BER for the LA mode 2 was then obtained from
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where BERFR and BERHR represent the bit error ratios of FR and HR configurations, respectively.

All other FLO parameters were the same among the LA modes. The parameters are summarized in Table 3.

Table 3 - FLO configuration parameters
	Parameter
	LA mode

	
	1
	2
	3
	4
	5
	6

	
	
	FR
	HR
	DL
	UL
	DL
	UL
	
	

	Transport block size [bits]
	640
	512
	256
	427
	640
	640
	427
	427
	320

	CRC [bits]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	TFCI [bits]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	In-band signalling [bits]
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Rate matching attribute
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Modulation
	8PSK
	8PSK
	8PSK
	8PSK
	8PSK
	8PSK
	8PSK
	8PSK
	8PSK

	Channel mode
	FR
	FR
	HR
	FR
	FR
	FR
	FR
	FR
	FR

	Interleaving depth [ms]
	60
	60
	60
	60
	60
	60
	60
	60
	60


The channel coding for the enhanced full rate speech (TCH/EFS) was taken as a reference case. The EFR simulations were configured with the same general parameters as the FLO simulations (see Table 2).

3.2 Results

According to the agreed service requirements, the average bit-error-rate of a VT service shall be less than 10-4 [3]. Furthermore, the C/I values required to meet the reference performance shall not exceed the corresponding C/I values for EFR by more than approximately 6 dB for the least robust specified channel coding scheme. It is here assumed that that the EFR performance should be evaluated at FER = 1%.

The simulation results are summarized in Table 4, which shows the C/I values of the evaluated LA modes at BER=10-4. The C/I values are compared with the EFR performance (C/I at FER=1%), the reference value being 8.53 dB. In addition, the gains versus the existing VT bearer (LA mode 1) are shown. The BER chart illustrating the performance of different LA modes can be found in Appendix A. 

Table 4 - Link level results
	LA mode
	CIR@BER = 1e-4 [dB]
	Loss versus EFR [dB]
	Gain versus mode 1 [dB]

	 1 (64k, 2/2)
	14.27
	5.74
	-

	 2 (64k, 2.5/2.5)
	13.23
	4.70
	1.04

	 3 (64k, 3/2)
	10.72 / 14.27
	2.19 / 5.74
	3.55 / 0.00

	 4 (64k, 2/3)
	14.27 / 10.72
	5.74 / 2.19
	0.00 / 3.55

	 5 (64k, 3/3)
	10.72
	2.19
	3.55

	 6 (32k, 2/2)
	9.11
	0.58
	5.16


As can be seen, the gain compared to the current VT bearer (LA mode 1) ranges between 1.04 and 5.16 dB. While the EFR performance is not reached with any of the schemes, the gap is only 0.58 dB when the 32k codec is applied.

It should be noted that the 2.5/2.5 scheme is slightly sub optimal, since the performance of the HR channel is worse than the performance of the FR channel. Although this problem could be fixed by allocating fewer bits to the HR channel, no significant gain to the present figures is expected.

4. Network simulations 

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

4.1 Configuration

The main simulation parameters are summarized in Table 5. They are based on configuration 1 of SAIC feasibility study [4]. The simulated network had hexagon-shaped cells, grouped by three into one site. The transceiver antenna was located in the site center facing outwards. 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 the simulations.

Table 5 – 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 (TU), 10 km (RA)
	

	BTS antenna height
	15 m (TU), 30 m (RA)
	

	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
	31.6 W (45 dBm)
	

	fast fading
	typical urban (TU) channel,

rural area (RA) channel
	as defined in GSM spec. 05.05

	MS speed
	3 km/h
	

	mean call length
	90 s
	

	min. call length
	5 s
	


Load of the network was chosen so, that the average load of the transceivers in the base stations was around 50%. For the asymmetric schemes in cases 3 and 4 (3/2 and 2/3) the load was about 43% because two slots per TRX in one direction cannot be allocated.

Simulations were run for two kinds of networks:

· urban (TU), 500 m cell radius,

· rural area (RA), 10 km cell radius.

4.2 Results

The results shown in Table 6 contain service probability, when different LA schemes are used. The service probability is defined as the proportion of calls with mean decoded BER less than 10-4. See Annex B for more detailed results.

Table 6 – Summary of system-level simulation results

	LA mode
	Service probability in TU
	Service probability in RA

	
	Downlink
	Uplink
	Downlink
	Uplink

	 1 (64k, 2/2)
	70.0%
	77.3%
	70.4%
	59.2%

	 3 (64k, 3/2)
	94.1%
	88.4%
	94.3%
	64.6%

	 4 (64k, 2/3)
	86.8%
	95.3%
	83.1%
	76.6%

	 5 (64k, 3/3)
	93.6%
	95.1%
	94.8%
	76.5%

	 6 (32k, 2/2)
	96.2%
	97.7%
	97.7%
	89.7%


The 2/3 scheme performs in DL better than 2/2 because there are two timeslots in DL direction, which cannot be allocated and therefore there is less interference than in 2/2 case. On the other hand in UL, 2/3 performs better than 2/2 because of more robust coding. The same is true for 3/2 but in reversed directions.

In case of 3/3 scheme, there was simulated background speech service to fill the remaining two slots in a transceiver, when it had allocated two ECSD calls (6 timeslots). These speech calls were simulated to add interference in the network, so that there were similar radio conditions as in 2/2 case.

5. Conclusions

This contribution has evaluated the performance of five performance enhancement schemes for GERAN video telephony. According to the simulation results, the most potential schemes are:

· Symmetric 2/2 configuration. This scheme is already available and should be used when the signal to noise ratio is at least 6 dB above the planned minimum.

· Asymmetric 2/3 and 3/2 configurations. These schemes would enhance the performance in network scenarios, where the link balance would be in favor of uplink/downlink, respectively.

· Lower video coding rate (32 kbit/s). This scheme would provide a link layer performance that is only 0.5 dB worse than the performance of EFR.

The common denominator for the above-mentioned schemes is that terminals fulfilling the sum=5 multislot requirement could be used. In order to gain the maximum benefit, link adaptation should be applied between the schemes.
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Annex A – Link level results
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Annex B – System level results
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[image: image4.emf]Mean connection BER in uplink (cumulative sum), TU
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[image: image5.emf]Mean connection BER in downlink (cumulative sum), RA
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[image: image6.emf]Mean connection BER in uplink (cumulative sum), RA
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