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1. Introduction

The work item for the migration of UTRA FDD into the 850MHz band was approved in TSG RAN meeting #18 [1]. At TSG RAN#19 plenary meeting, during the UMTS850 WI status discussions Nokia noted that a large difference in absolute carrier frequencies between the FDD band I and UMTS850 is likely to have an effect on the receiver performance requirements due to different fading characteristics for a given UE speed. 

In this document we investigate radio link performance differences between UTRA FDD in the 2 GHz and 850 MHz band. In the extent of this document we concentrate on the requirements, which mainly define the minimum performance requirements for receiver algorithms. We shortly present the methodologies used in other systems, namely GSM, to handle the performance requirements for different frequency variants. This information can help RAN4 to come to a conclusion on how to incorporate the UE radio link performance requirements for the 850 MHz band to TS25.101. Additionally in Section 3 the ideal downlink simulation results in fading conditions are presented to elaborate the effect of the used carrier frequency through Doppler to the interleaving efficiency.    

2. Frequency deviant handling in other systems 

GSM system includes a wide number of different frequency variants. In order to keep the requirements consistent, the method of duplicating the requirement to different carrier frequencies has been used. As the addition of new bands happens at different times, the technology lead is always kept at the core band GSM 900 with a couple of exceptions for the DCS 1800 case. The DCS 1800 "exceptions" are reused in PCS 1900. The reuse of the core band performance requirements has a benefit of allowing the scaling of the requirements for other frequencies in a flexible manner. In this section we present the method how this has been done in GSM. 

Current GSM specification includes several frequency variants, presented in Table 1. These are divided to 6 bands; GSM 400 to GSM 900, DCS 1800 and PCS 1900. Performance requirements for these are included in the Section 6 of TS 45.005 [2]. This section of the specification includes common tables for GSM 850 and GSM 900 requirements in different conditions and similarly common tables for DCS 1800 and PCS 1900. The requirements for GSM 400 and GSM 700 are defined based on the requirements of GSM 900 and GSM 850 so that the velocity in each used propagation condition is scaled accordingly. Thus the speed is doubled for GSM 450 (e.g. TU50 becomes TU100) and increased by factor of 1.2 for GSM 700 (e.g. TU50 becomes TU60). This is done to make the test conditions similar from channel coding point of view. 

Table 1. Frequency bands in GSM

	Band
	
	DL
	UL

	GSM 400
	T-GSM 380 
	390,2 MHz to 399,8 MHz 
	380,2 MHz to 389,8 MHz

	
	T-GSM 410 
	420,2 MHz to 429,8 MHz 
	410,2 MHz to 419,8 MHz

	
	GSM 450
	460,4 MHz to 467,6 MHz 
	450,4 MHz to 457,6 MHz

	
	GSM 480 
	488,8 MHz to 496 MHz 
	478,8 MHz to 486 MHz

	GSM 700
	GSM 750 
	747 MHz to 762 MHz
	777 MHz to 792 MHz

	GSM 850
	GSM 850 
	869 MHz to 894 MHz
	824 MHz to 849 MHz

	GSM 900
	GSM 900;    P-GSM
	935 MHz to 960 MHz
	890 MHz to 915 MHz

	
	E-GSM
	925 MHz to 960 MHz
	880 MHz to 915 MHz

	
	R-GSM
	921 MHz to 960 MHz
	876 MHz to 915 MHz

	
	T-GSM 900 
	915.4 MHz to 921 MHz
	870.4 MHz to 876 MHz

	DCS 1 800 
	
	1 805 MHz to 1 880 MHz
	1 710 MHz to 1 785 MHz

	PCS 1 900 
	
	1 930 MHz to 1 990 MHz 
	1 850 MHz to 1 910 MHz


3. Simulation assumptions and results

In this section we present downlink simulation results to show the effect of changing the carrier frequency (e.g. Doppler) on the channel coding performance in fading conditions. In WCDMA the performance difference vs. different carrier frequencies at given transport channel setting can be related to the change of channel coherence time, which can be defined as inverse of Doppler spread [4]. The Doppler spread of the channel is the measure of the rapidity of fading and can be defined as double of Doppler shift. The performance of the used channel coding and interleaving is dependent on the speed of the channel changes, i.e. how well the interleaving can randomise the occurred error during the interleaving period.

In these simulations the used downlink reference measurement channel is defined according to the 12.2 kbps DPCH given in Annex A.3 of 25.101[3].  The channel estimation was ideal and floating-point arithmetic’s were used in these simulations, thus these curves show the ideal performance. All the other parameters except the carrier frequency are the same, thus the only thing contributing to the performance difference between the 2.15GHz and 850MHz results, is the change in the efficiency of the interleaving due fading characteristics.  

Figure 1 shows the ideal BLER performance for 2.15GHz and 850MHz carrier frequencies in Case 1 propagation condition with velocity of 3km/h. It can be observed that the difference between the ideal attainable performance at level of 1% BLER is 0.3dB. As mentioned this is due to the slower change of the channel. 

Figure 2 presents the performance in Case 1 propagation condition with velocity of 30km/h for both carrier frequencies. It can be seen that the difference between the performances at different carrier frequencies with 30km/h is in the order of 0.7dB at 1% BLER. Additionally in the same figure the results for 850MHz with velocity of 75.9km/h are shown. The Doppler shift with this velocity is the same as for 30km/h at 2.15GHz.. It can be seen that the performance of 2.15GHz and 850MHz are comparable when the ratio of velocities is ~2.52 (2.15GHz 30km/h & 850MHz 75.9km/h). Hence, the performance of 2 frequency variants is equal with the same receiver impairments if the Doppler spreads are the same. The slopes differ at lower BLER levels, due to low number of error events attained during the simulation.  
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Figure 1. Performance of 12.2kbps DPCH in Case 1 propagation condition with 3km/h at different carrier frequencies.
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Figure 2. Performance of 12.2kbps DPCH in Case 1 propagation condition with 30km/h at 2.15GHz and with 30km/h and 75.9km/h at 850MHz.

4. Conclusion

In this document we have briefly discussed the handling of frequency variants in other systems. The method used in GSM, and also in other systems, keeps the requirements equal for different frequency variants by adjusting the velocity to keep the channel conditions experienced by the receiver similar. Additionally we have presented ideal downlink simulation results in order to show the effect of changing the channel Doppler spread (coherence time) to channel coding and interleaving performance. Our results show that the method applied in GSM is also applicable to WCDMA. 

RAN4 is asked to discuss and decide a suitable approach for defining the performance requirements of UTRA FDD in 850 MHz for 25.101. We have identified two possible options; RAN4 can either define the requirements for different frequency variants by scaling the velocity used in different propagation models or by simulating all the fading cases again for UMTS 850. According to our understanding the duplication of the performance requirements by adjusting the velocity is the most feasible solution as it keeps the receiver performances comparable between different frequency bands.  If there is significant performance difference between frequency bands at a certain specific radio propagation condition, which can be considered an essential operating profile, and this performance would be difficult to estimate sufficiently accurately from other radio propagation conditions, it may be necessary to deviate from this simplification rule in this case. 
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Annex A.

Table 2. Used simulation assumptions.

	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	Number of samples per chip 
	1

	Carrier frequency
	2.15GHz and 850MHz

	DL DPCH closed loop power control
	Off

	Channel estimation
	Ideal delay, phase and amplitude information

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Turbo decoding
	MaxLogMap – 8 iterations

	DPCH
	12.2kbps reference measurement channel according to [3].

	Downlink Physical Channels and Power levels
	As defined in Annex C.3.2 of 25.101[3].

	Propagation condition(s)
	Case 1 with different velocities  [3].

	Îor/Ioc
	9 dB


