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1 Introduction

There is ongoing work within GERAN for an improved latency in the GSM/EDGE system. A reduced latency has shown to improve service performance for e.g. web and mail application and seems to be needed to make conversational services such as VoIP feasible. In previous contributions ‎[1] and ‎[2], the channel profile used in the simulations and latency evaluations has been TU3iFH. At the GERAN evolution ad hoc meeting in May there were discussions regarding other choices of channel models, speeds and frequency bands. This contribution aims at evaluating some worst case scenarios compared to TU3iFH. From the link level results some conclusions are drawn on the effects on application level.

The losses at more severe radio conditions are relevant regardless of the service. However, for other services than VoIP, the reference is legacy EGPRS, for which the losses will be the same as with reduced TTI. Therefore, the relative latency gains will be approximately the same regardless of the speed and channel profile. For VoIP, on the other hand, the latency gain relative to legacy EGPRS is not the main interest; instead it is necessary to fulfil an absolute latency requirement with sufficient coverage. The reference for VoIP is rather circuit switched speech. Therefore, this contribution focuses at VoIP, and consequently the performance loss after one retransmission is of interest (recall that it is possible to send one retransmission within the delay budget with a TTI of 10 ms).
2 Application level effects

In the previous Ericsson contributions a reduced transmission time interval (RTTI) of 10 ms was evaluated where the reduction in transmission time was achieved in the downlink by dual carrier and in the uplink by dual time slot transmission. Therefore, the link level simulations in this contribution have both been evaluated with the conventional radio block format, i.e. a radio block is transmitted on one time slot in four consecutive TDMA frames, but also with a dual time slot format where two time slots are used in two consecutive TDMA frames. These two alternatives are referred to as radio block format 1 and 2 respectively. The performance of the dual carrier scheme will be identical to radio block format 1 if ideal frequency hopping is utilized.
Previously it has been shown that the worse radio conditions experienced by the terminal the harder it is to fulfill the latency requirements of the chosen service, see ‎[2]. Thus, the performance losses or gains are evaluated at the cell border where a C/I of 9 dB is assumed. The performance measure is loss/gain in coverage compared to TU3iFH.
At present time no protocol level simulations have been conducted to verify the effects on the application layer. Thus, only preliminary conclusions can be made.
3 Simulator settings
A state-of-the art link level simulator has been used for the evaluation of the different channel models. The parameter settings are shown in Table 1. Thus, the frequency band is kept at 900 MHz for all simulations. However, since RA250noFH is simulated, the faster fading experienced at higher frequency bands is assumed to be somewhat covered
.
Table 1. Link simulator settings

	Parameter
	Value

	Channel profile
	Typical Urban (TU)
Rural Area      (RA)

Hilly Terrain   (HT)

	Terminal speed
	3 km/h            (TU)

100 km/h        (HT)

250 km/h        (RA)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal               (TU)

No                  (TU, RA, HT)

	Interference
	Single co-channel interferer

	Direction
	Uplink

	Antenna diversity
	No

	Incremental redundancy
	Yes

	Radio block format
	1) One time slot on four consecutive TDMA frames (conventional transmission)

2) Dual time slot. Two time slots on two consecutive TDMA frames.

	Impairments:

– Phase noise

– I/Q gain balance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0     [degrees (RMS)]

0.1 / 0.2     [dB]

0.2 / 1.5     [degrees]

-45 / -40    [dBc]

  -   / 25     [Hz]

Yes/   -


The simulations have been conducted with incremental redundancy, IR. For the cases where there is no frequency hopping between the bursts within a radio block, there is a delay between the different IR transmissions to account for the time it takes for the control signalling (the round-trip time). This time has been chosen to be 70 ms and 120 ms for 10 ms and 20 ms TTI respectively.
4 Simulation results
Simulations have been performed on different channel profiles with different speeds depending on the channel used. For the evaluation of each channel model, TU3iFH is used as reference.

4.1 RA250noFH

In Figure 1 the performance of MCS-2 on Rural Area channel at terminal speed 250 km/h is shown when radio block format 1 is used (conventional radio block transmission).
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Figure 1. Link performance of MCS-2 for TU3iFH and RA250noFH when incremental redundancy and radio block format 1 is used.

It is seen that the coverage loss at the cell border could be expected to be at the most 1.2 dB for the first IR retransmission. In the first transmission the loss is approximately 0.7 dB. Also MCS-1 and MCS-5 has been evaluated, see Table 2 and ‎Annex A.

Figure 2 shows the corresponding plots when radio block format 2 has been used. It is seen that the loss is somewhat larger than for radio block format 1 with a coverage loss of 1 dB in the first transmission and 1.3 dB in the second transmission.
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Figure 2. Link performance of MCS-2 for TU3iFH and RA250noFH when incremental redundancy and radio block format 2 is used.

Thus, it seems that the RA250noFH channel model degrades the performance of coded MCSs compared to TU3iFH, which was expected. The performance loss is at the most 1.3 dB for MCS-2 using radio block format 2 in the first IR retransmission. However, for the most coded MCSs, MCS-1 and MCS-5, the degradation is not as large probably since the time diversity from the high speed can be used. Note that according to ‎[1]

 REF _Ref138596909 \r \h 
‎[2], the end-to-end latency requirement is fulfilled with minimised resource utilisation with MCS-5 at 9 dB C/I on a TU3iFH channel. Therefore, with MCS-5 it will also be fulfilled on a RA250noFH channel, but at 9.3 dB C/I.

The results are summarized in Table 2.
Table 2. Coverage loss of RA250noFH compared to TU3iFH.

	  
	Coverage loss
 [dB]

	
	Radio block format 1
	Radio block format 2

	
	tx#1
	tx#2
	tx#1
	tx#2

	MCS-1
	0.8
	-
	1.2
	-

	MCS-2
	0.7
	1.2
	1.0
	1.3

	MCS-5
	0.0
	0.2
	0.4
	0.3


4.2 HT100noFH
For the Hilly Terrain model with a user speed of 100 km/h the coverage loss is listed in Table 3.

Table 3. Coverage loss of HT100noFH compared to TU3iFH.

	  
	Coverage loss2 [dB]

	
	Radio block format 1
	Radio block format 2

	
	tx#1
	tx#2
	tx#1
	tx#2

	MCS-1
	1.3
	-
	2.0
	2.2

	MCS-2
	1.3
	1.3
	1.8
	2.1

	MCS-5
	2.2
	2.2
	2.6
	2.8


It is seen that the losses are larger than for RA250noFH but the difference in loss between the first and second transmission is approximately the same. For this channel model the loss is largest for MCS-5 with a loss of, at the most, 2.8 dB. This could be explained by Hilly Terrain having a larger time dispersion than Typical Urban. Since the 8-PSK equalizer has fewer taps than the GMSK-equalizer it is more susceptible to Inter Symbol Interference, ISI. According to ‎[1]

 REF _Ref138596909 \r \h 
‎[2], the end-to-end latency requirement is fulfilled with MCS-2 at 9 dB C/I on a TU3iFH channel. Therefore, with MCS-2 it will also be fulfilled on a RA250noFH channel, but at 11.1 dB C/I.
5 Conclusions

This contribution has shown the performance of MCS-1, MCS-2 and MCS-5 with IR on three different channels; TU3iFH, RA250noFH and HT100noFH. Performance was evaluated for two different radio block formats; conventional transmission where a radio block is transmitted on one time slot during four consecutive TDMA frames, and transmission scheme of two time slots in two consecutive TDMA frames giving rise to a reduced TTI of 10 ms. The performance measure was coverage loss at the cell border compared to TU3iFH, which is seen as a good scenario. The cell border was defined at C/I = 9 dB.
In previous contributions it has been shown that the LLC delay and frame erasure rate (FER) requirement of a VoIP service was fulfilled with MCS-2 and MCS-5 at C/I = 9 dB if RTTI is used, ‎[1] and ‎[2].
From the simulation results shown above it is seen that for both channels investigated the performance degradation was approximately the same at different IR transmissions and the worst performance was HT100noFH where a coverage loss of 2.1 dB is seen. The loss seen on a RA250noFH channel was negligible. It should be noted that there will also be performance degradation for circuit switched voice on a HT100noFH channel. Therefore, a network in a “hilly terrain area” is likely not planned for having a C/I of 9 dB at the cell border. 
It is proposed to capture the findings of this contribution in the feasibility study for GERAN evolution ‎[3].
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Annex A Link performance plots

A.1 RA250noFH

A.1.1  Radio block format 1
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Figure 3. Link performance of MCS-1 with IR.
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Figure 4. Link performance of MCS-2 with IR.
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Figure 5. Link performance of MCS-5 with IR.
A.1.2  Radio block format 2
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Figure 6. Link performance of MCS-1 with IR.
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Figure 7. Link performance of MCS-2 with IR.
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Figure 8. Link performance of MCS-5 with IR.
A.2 HT100noFH
A.2.1  Radio block format 1
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Figure 9. Link performance of MCS-1 with IR.
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Figure 10. Link performance of MCS-2 with IR.
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Figure 11. Link performance of MCS-5 with IR.
A.2.2  Radio block format 2
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Figure 12. Link performance of MCS-1 with IR.
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Figure 13. Link performance of MCS-2 with IR.
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Figure 14. Link performance of MCS-5 with IR.













































� Note that RA250 at 800/900 MHz is replaced by RA130 at 1800/1900 MHz in the receiver performance requirements in 3GPP TS 45.005. Therefore, this is the channel with the maximum Doppler frequency.


� The coverage loss has been measured given a BLER for TU3iFH @ C/I=9 dB
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