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Impact of using HOT on the BCCH carrier
1 Introduction

A work item introducing higher order modulations and turbo codes has been proposed as a means to improve throughput and spectral efficiency in GERAN ‎[1]. One concern raised against this work item was that if HOT is used on the BCCH carriers, the necessary power decrease of higher order modulations would result in biased neighbour cell measurements, which could have an impact on cell selection.
This problem was faced and evaluated when EDGE was introduced in release 99 ‎[2]. Power decreases of up to 4 dB were evaluated and the impact considered acceptable.
In this contribution, larger power decreases, corresponding to the necessary levels for 16QAM and 32QAM when used on the BCCH carrier, are investigated.

2 Why constant BCCH carrier power?
The fact that the BCCH carrier is transmitted with a constant average power is used for the following purposes:
· Cell selection and reselection

· Open loop MS power control for GPRS and EGPRS
3 Impact on cell selection and reselection

3.1 Simulation assumptions

To investigate the impact of non-constant BCCH power some simple system level simulations are run. The simulator is a static (snapshot) system simulator (the same simulator that was used in ‎[2]). The effect of the non-constant BCCH carrier power is modelled by subtracting the APD (average power decrease) from the pathgain for some of the BS candidates before cell selection is made. To model a handover hysteresis the MS randomly selects a BS within 3 dB from the strongest. Further assumptions are given in Table 1.

	Simulation Assumptions

	Frequency reuse
	4/12

	Frequency hopping
	No

	Resource utilization
	50%

	Traffic mix
	50% GMSK modulated speech
50% packet-switched data

	Average Power Decrease (APD)
	GMSK: 0 dB

	
	8PSK: 3.3 dB

	
	16QAM: 5.3 dB

	
	32QAM: 5.6 dB

	Pathloss
	L = C + 35 log (d)

	Log-normal fading standard deviation
	6 dB

	Multipath fading
	Not included


Table 1. Simulation assumptions.

Four different scenarios, with different modulations of the data traffic are studied:

1. 100% GMSK

2. 100% 8PSK

3. 100% 16QAM

4. 100% 32QAM
The data traffic is assumed to be 50% of the total traffic on the BCCH carriers on average (the rest is GMSK modulated speech). This can be seen as a worst case, since a lower or higher penetration would result in a more stable power level on the BCCH carriers.

It should be noted that the assumption that all data traffic uses the highest possible modulation is pessimistic (from an APD point of view). Thus, the evaluated scenarios (especially scenario 4) should be considered as a worst case scenario.  
3.2 Results and discussion

Figure 1 to Figure 4 in ‎Annex A show received signal strength (C) and carrier to interference ratio (C/I) distributions for up- and downlink. 
It is seen that the impact on C and C/I distributions is moderate. In scenario 4 (50% GMSK modulated speech, 50% 32QAM modulated data), 4% of the users have a downlink C/I worse than 10 dB. This should be compared to the EDGE-like scenario 2 (50% GMSK modulated speech, 50% 8PSK modulated data), in which 3.4% of the users have a downlink C/I worse than 10 dB. If all traffic on the BCCH is GMSK modulated (scenario 1), the corresponding figure is 3%. In uplink, the impact is very similar.
Fast fading is not modelled in these simulations. If fast fading was included, the variance of the MS power (RXLEV) measurements would be much larger and hence the cell selection decisions less reliable. The signal strength easily can vary by ~20 dB due to fast fading. Averaged over a measurement period, the variation is smaller but could still be in the order of several dB. In addition, the RXLEV measurements are assumed to be ideal. In reality, the RXLEV measurements are allowed a certain inaccuracy ‎[3]. The effect of APD is likely less if these effects are taken into account.
Note: Compression techniques for QAM modulations have been presented in GERAN ‎[4]. If compression is applied, the APD could be reduced by 0.5-1 dB which will further reduce the impact on neighbour cell measurements. This has not been taken into account in the simulations.
4 Impact on GPRS/EGPRS MS open loop power control

In GPRS and EGPRS, the MS power is set according to the following formula ‎[3]:
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 is a system parameter determining the ratio between open and closed loop power control used. In case the BCCH is used for deriving 
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5 Conclusion

It is seen that the performance degradation for allowing HOT on the BCCH carrier is quite small. Combining this with the fact that the final decision is taken by the operator, it is concluded that this is not a valid reason to stop the HOT work item.
It is proposed to include these results in the TR for GERAN Evolution (by agreeing the companion CR ‎[4]).
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Annex A Detailed simulation results
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Figure 1. Downlink distribution of C.
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Figure 2. Uplink distribution of C.
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Figure 3. Downlink distribution of C/I.
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Figure 4. Uplink distribution of C/I.
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