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1
Introduction

This contribution aims to integrate the RF simulations contained in [7]. This document contains the outcomes of new simulations on the influence of the WDS on the EVM and the PCDE of the modulated WCDMA signal, and a more detailed description of the simulations already contained in clause 5 of [7]. Therefore we propose here for discussion and approval a new version of the whole clause. This new clause 5 contains more detailed explanations of the models of the WDS and the node B used in the simulations, on the inputs and outputs and also new results not present in [7]. Also the numbering of the tables and the figures is changed.
Now it follows a brief outline of the modifications of clause 5 presented in the document.

-
In subclause 5.1 the test bench used to obtain the figures of table 5-1 is shown in fig. 5-1.
-
Moreover we decided to change the definition of dynamic range in DL and UL respectively, which drove the calculation of the values contained in table 5-1 (former table 2 in TR 25.867 (v1.0.0)). The new definition of dynamic range in DL is the distance in dB between the output power and the background noise, both of them measured in 1Hz band. The new definition of DR in UL is the distance in dB between the blocking and the sensitivity.  
-
In subclause 5.2.3 the two models of the WDS are described with more detailed pictures and parameters.
-
In subclause 5.2.4.1 the results obtained with the simulations are described more accurately.
-
Also figure 5-17 (former fig. 18) was corrected in the range Δf ≥ 3.5 MHz.
-
In subclauses 5.2.4.6 and 5.2.4.7 the results of the new simulations on the effect of the WDS on EVM and PCDE  of a WCDMA signal are presented.

-
The conclusions of subclause 5.2.5 are modified according to the modifications introduced in the section.
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5 RF Feasibility Study

5.1 RF Performance Discussion

Starting from [4], the RF feasibility study addresses the technical analysis of WDS performance based on its non-linear characteristics that may affect RF transmission through it, and derived as a function of a set of RF parameters at its interface with the BS.

Tables 5-1 and 5-2 [4], may be useful to highlight why the downlink behaviour is more critical than uplink, in fact we can see that the DR in DL is always lower than the DR in the UL; a lower DR means a shorter cell coverage The figures reported were obtained by testing in laboratory a prototype of WDS. The lab test bench is shown is figure 5-1.
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Figure 5-1
Test bench for the characterisation of the prototype of WDS.

The dynamic range in the down link was measured as distance in dB between output power and background noise both measured  in 1Hz bandwidth. For the WDS a typical output power of 32 dBm was used. The DR of the UL is defined as the distance in dB between the blocking and the sensitivity.
WDS: 

DL: 

Po = 32 db / 3,84 MHz, 

background noise = -95,7 dB (from R4-010559)
DR = 32 – 10log10(3,84*106) – 95,7 = 61,7 dB
UL:

Sensitivity = -107 dB

Blocking = -23 dB

DR = -23 – (-107) = 84 dB
Node B:

DL:

Po = 31 dB / 3,84 MHz

Noise = -25 dB / 1 MHz (from table 6.6 of TS 25.104)

DR = 31 – 66 – (-25 - 60) = 50 dB
UL:
DR = -40 – (-121) = 81 dB
Repeaters:

DL:  Po = 30 dB / 3,84 MHz, Noise = -79 dBm / Hz

DR = 30 - 66 – (-79) = 43 dB
UL:
from subclause 5.1.3 of TR 25.956

the repeater’s transferred sensitivity is the sensitivity of the donor BS – the NF of the repeater – (5 to 10):

thus DR = 81 - 5 – 7 = 69 dB
Table 5-2 shows the delay that is introduced by the WDS when inserted between the Node B antenna interface and the remote antenna connectors. The delay depends on the distance between the Node B and the connectors; the remoteness of the antennas is accomplished by means of a distribution system whose delay depends on the distribution medium type.

Table 5-1: Dynamic Range Comparison

	
	BS on TS 25.104
	WDS
	Repeater on TS 25.106

	Transmit path (DL)
	50 dB
	61,7 dB
	43 dB

	
	Measured as the distance in dB between the output power and the background noise, both of them measured in 1Hz band bandwidth for comparable output power levels in the three cases:

Po_Node B = 31dBm

Po_WDS = 32dBm 

Po_Rpt  = 30dBm

	Receive path

(UL)
	81 dB1
	84 dB2
	69 dB

	
	Measured as distance in dB between the sensitivity and blocking level – BS, WDS and Repeaters are assumed with NF= 5dB

Notes: 

1 from TS 25.104 values of the macro BS

2 Must be compliant to pico BS specs, it may be reviewed when the pico BS will be defined.


Table 5-2: WDS Incremental Time Delay (worst case)
	
	BS interface
	WDS transmission
	WDS RF Head

	
	<<1 microSec
	*
	<<1microSec

	
	Note *: dependent on the length of the physical transmission medium.


5.2 Simulation Program

5.2.1 Definition of RF Power Levels

In order to simulate the overall system performance, the WDS RF transmit power levels utilised in the simulation were focussed mainly on the higher output power level (43dBm) specified in TS25.104. Some tests were carried out at the lower power levels of 20dBm and 33dBm in order to give an indication of likely performance with the yet undefined lower power BS classes. 

5.2.2 Assumptions

The study is based on simulations carried out on a suitable simulation tool that takes into account the non-linear parameters of a WDS and it is capable of simulating an equivalent stimulus for one or more WCDMA Base Stations. The non linear parameters of the WDS are defined based on currently and realistically available technologies. The simulation campaign is focussed on the downlink parameters which were highlighted as the primary concern for system feasibility. Many figures have been assessed, among them the ACLR was identified as the main area of focus both in the single and multi-carrier scenario. Other parameters of interest included spectrum emissions (Out of Band), the simulation of occupied bandwidth, the EVM, the PCDE and the spurious emissions.

5.2.3 Models of the WDS for the Simulations

Two models of the WDS were developed with the simulation software tool, aiming to reach simplicity with the first model and accuracy with the second. The models’ parameters were set according to a prototype of WDS that was characterised by us by means of laboratory measures (fig. 5-1). The test model 1 was used in order to have a rough esteem of the performance of the WDS, and to double check the results obtained with test model 2, which is more complex but also more adherent to the real behaviour of the WDS. The following two subsections describe the two models.

5.2.3.1 Parameters of WDS Test Model 1

In order to carry out initial simulations and attain RF parameters, a WDS system model (Test model 1) was created with the software simulation tool for single carrier scenarios. The model assumed the connection to a compliant BS as supplied in the software package. The WDS is modelled as a non linear amplifier with the attributes reported in table 5-3. The figures are based on those attainable with current technology. Between the models of the node B and the WDS an attenuator was inserted in order to achieve the desired WDS input power. 

Table 5-3: parameters of the non linear amplifier excluding the attenuator of fig. 5-2.

	WDS Device Parameters
	

	Gain
	22dB

	Noise Figure
	51dB

	Output1dB Compression Point
	41.5dBm


In the first stage of the simulation campaign, based on the test model 1, two settings were addressed:

-
In the first simulation run the BS model was set with a constant gain of 20dB, whilst attenuation of 25.36dB was inserted in order to attain an input level of –2dBm to the WDS, thus achieving system output power of 20dBm. 

-
In the second simulation run the BS model was set with a constant gain of 20dB, whilst attenuation of 12dB was inserted in order to attain an input level of 11dBm to the WDS, thus achieving system output power of  33dBm.

See the simulation diagram in Figure 5-2 below.

These simulations were made to evaluate the degradation of the ACLR of a signal generated by the node B due to the introduction of the WDS between the node B antenna connector and the remote antenna front end.
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Figure 5-2:
Test model 1 of the WDS

5.2.3.2 Parameters of WDS Test Model 2

A more complex model (Test Model 2) was then created in order to individually model the non-linearity of each component and reflect values found from actual measurements on real world devices. This model was drawn based on the characterisation in laboratory of a prototype of WDS. Each main functional unit of the WDS, e.g. the distribution system, the remote units, was singularly tested by observing the relationship between output and input signals at their ports. The description of the lab test bench is in [9]

All simulations carried out with test model 2 were done under the condition of WDS output power equal to 43 dBm.

The BS model is taken from the simulation package, it is an ideal BS with constant gain equal to 20 dB. Attached to it, there is a variable attenuator, whose gain is modulated in order to give a signal level of +8dBm to the WDS model. E.g. in section 5.2.4.2.3 the output power of the node B was 23 dBm, and the variable attenuator was set to –15,362 dB.

The WDS model is made of two blocks:

1. a distribution system, which is an attenuator whose figures are reported in tables 5-4 and 5-5. This element emulates the behaviour of the distribution part of the WDS. Even if no specific implementation of WDS must be mandatory, the distribution system will, in general, require some wiring, splitters (DL) and couplers (UL) to connect the remote antenna connectors to the WDS unit, these are passive items that will cause an attenuation (in the DL) of the signal. By characterising a prototype of WDS (defined in the measurement section of TR25.867) in laboratory, we observed that the distribution part can be modelled with the attenuator defined in tables 5-4 and 5-5

2. A Multi-Carrier Power Amplifier: the MCPA models how the WDS achieves the desired output signal level with minimum signal degradation. It is itself made of two elements, an ideal amplifier and a measured amplifier. The ideal amplifier is needed in order to equalise the attenuation due to the distribution unit. The measured amplifier models how the output signal level is achieved and all characteristics that cannot be described by an ideal amplifier. The characteristics of the measured amplifier are in table 5-6.

The model block is shown below in figure 5-3. The block posed between the Node B and the WDS is not part of the WDS model, it is a variable attenuator whose function is to modulate the power of the signal simulated by the Node B in order to give to the WDS a signal with a power of 8 dBm. The model of the distribution part of the WDS is the block with “-38” in it, which is the value (dBm) of the constant attenuation introduced by the model.
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Figure 5-3:
Test model 2 of the WDS.

BS - Ideal BS with gain 20dB

Attenuation - Set for input power to distribution system of +8dBm

Distribution system - Characterised as shown in tables 5-4 and 5-5. Table 5-4 contains the following parameters:

· impedance of the input and output ports of the attenuator 

· Rtemp is the temperature of the attenuator, set to 290 °K

· Gain: the amplitude and phase of the gain of the model. As already said, the distribution system is modelled by an attenuator, which is basically an amplifier with a gain of |-38| and phase 180°.

· The value of the noise figure is given

· GC type: it is the method used to determine the 1dB compression point of the attenuator. Starting in the linear part of the attenuator, the input power was incremented as long as a compression of 1 dB of the gain was not observed.

· Gcompression (table 5-5): reports the steps done to reach the 1dB compression of the attenuator. The phase and gain change are the deviations with respect to the behaviour of the attenuator in its linear zone. Therefore these changes are not to be intended as deviations introduced by the distribution system in its normal behaviour, but these are the distortions of the nominal values of the gain and phase (-30 dB and 180°) when the attenuator works in its non linear zone close to its 1dB compression point.

Table 5-4: Characteristics of the distribution unit of the WDS model.

	Parameter
	Value

	RIn
	50

	Rout
	50

	Rtemp
	default

	Gain
	(-38dB) / 180 degrees

	Noise Figure
	43 (dB)

	GC Type
	Gain compression data points vs. input power

	TOIout
	n/a

	dBc1out
	n/a

	Psat
	n/a

	GCSat
	n/a

	Gcompression
	see table 5-5


Table 5-5: Gain profile of the distribution unit of the WDS when approaching the 1dB compression.

	Input Power (dBm)
	Gain Change (dB)
	Phase Change (degrees)

	21,5
	0
	0

	21,6
	0,1
	-1

	22,1
	0,1
	-2

	22,7
	-0,5
	-3

	23,25
	-0,2
	-4

	23,8
	-0,4
	-5

	24,3
	-0,6
	-6

	24,8
	-0,8
	-7

	25,3
	-1
	-8

	25,7
	-1,2
	-9

	26,2
	-1,4
	-10


MCPA – It consists of an ideal amplifier and a measured amplifier. This models how the required output levels may be achieved with minimum signal degradation

Table 5-6: Characteristics of the measured amplifier of the MCPA that emulates the WDS device.

	WDS Device Parameters
	

	Gain
	35dB

	Noise Figure
	51dB

	Output1dB Compression Point(*)
	56.4dBm

	Note (*) The 1dB compression point was arrived at by measurement of a Class A linearised amplifier with gain of 35 dB on a network analyser. The output was found to reach 1dB compression for an input power of 22.4dBm, therefore the 1dBc point was defined in the model at 56.4dBm.


5.2.4 Simulation Results

5.2.4.1 Simulations Description

The simulations were focussed mainly on the ACLR: the influence of the WDS on the ACLR was investigated by varying the ACLR at its input port, and calculating the correspondent value at the output port. These simulations were carried out in order to assess the degradation of ACLR due to the insertion of the WDS between the Node B’s LLI and the remote antenna connectors. The procedure was: node B model simulated a signal with a known ACLR, the ACLR at the antenna connector of the WDS was then evaluated. Many simulations runs were carried out with different ACLRs of the signal simulated by the Node B. At the end the results were plotted in graphs with the ACLR in on the x-axis and ACLR out on the y-axis. 

The effects of the WDS in a multicarrier environment was also investigated, but the degradation effects were assessed only for one level of ACLR generated by the Node B’s model.

Other parameters that were investigated were the EVM, the PCDE, the spectrum emission mask and the occupied bandwidth.

5.2.4.2 Adjacent Channel Leakage Ratio

The simulations are carried out over a range of ACLR levels in order to assess the degradation attributable to the inclusion of a WDS and to attain the minimum ACLR input values to achieve the current specified output levels according to TS 25.104. The performance of the BS was adjusted in order to achieve the range of ACLR figures around the specification levels, this enabled the ACLR figures to be varied whilst the output power remained constant. The simulations were first taken without connecting WDS in order to attain the Input ACLR, and then repeated with WDS connected in order to attain the Output ACLR figures.

For all simulations the physical channel was set up according the test model 1 defined in subclause 6.1.1.1 of [8], while the test procedure was done according  to subclause 6.5.2.2.4.1 of [8].

5.2.4.2.1 WDS with Output Power of 20 dBm

The BS model was set with a constant gain of 20dB, whilst attenuation of 25.36dB was inserted in order to attain an input level of –2dBm to the WDS, thus achieving a system output power of 20dBm. Test Model 1 of WDS was used for this simulation. Graphs 5-4 to 5–7 show the results found.
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Figure 5-4


[image: image2.wmf]WDS ACLR @ -5Mhz

40

42

44

46

48

50

52

54

40

45

50

55

60

Input ACLR

Output

ACLR

WDS ACLR @ - 5Mhz

TEST SPEC


Figure 5-5
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Figure 5-6
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Figure 5-7

5.2.4.2.2 WDS with Output Power of 33 dBm

The test model 1 of the WDS was used for this set of simulations. The BS model was set with a constant gain of 20dB, whilst attenuation was decreased to 12dB in order to increase the input level to the WDS to 11dBm, thus achieving system output power of  33dBm. Graphs 5-8 to 5-11 show the results found.
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Figure 5-8
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Figure 5-9
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Figure 5-10
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Figure 5-11

5.2.4.2.3 WDS with Output Power of 43 dBm

Test Model 2 of the WDS was utilised for this scenario, with different parameters related to a higher power WDS. Input ACLR was varied by means of adjustment of the performance of the BS in the same manner as in the previous set-up.

The results found are shown in figures 5-12 to 5-15 below.
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Figure 5-12
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Figure 5-13
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Figure 5-14
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Figure 5-15
5.2.4.3 ACLR in a Multi-carrier Environment

In order to assess the impact of a multi-operator environment, where multiple BS’s were connected to a WDS, a test simulation was carried out with two BSs transmitting on adjacent carrier frequencies, and connected to WDS Test Model 2. In this scenario the ACLR was evaluated. Test model 1 ([8] subclause 6.1.1.1) was used to define the input signal for this simulation. The test set-up is shown in figure 5-16.
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Figure 5-16
Test setup for multi-operator ACLR.

The gain of the test set-up resulted in output power of 23dBm per channel evaluated by the calculation equipment, this is the output power of the WDS, when it is present, otherwise, in the simulation without WDS, it is the output power of the combiner directly connected to the calculation equipment.
The ACLR figures shown below were simulated as specified in TS25.141, subclause 6.5.2.2, with the physical channel defined in test model 1. The first test assesses the network performance without the WDS, and it utilises the test bench shown in figure 5-16 with dotted direct connection between the combiner and the measurement equipment. This simulation gives therefore an indication of a multicarrier scenario without the added performance impact which WDS introduces.

The second simulation run was the same in all ways to simulation 1 but with the WDS Test Model 2 included in order to record its performance impact. Only two measurement points were simulated due to extremely long simulation runs.

The results are shown in table 5-7 below. 

Table 5-7
Results for multicarrier ACLR

	ACLR offset
	+10 MHz
	+5MHz
	-5MHz
	-10MHz

	
	A
	B
	A
	B
	A
	B
	A
	B

	BS Direct connection
	64.24
	53.40
	54.81
	45.72
	54.80
	45.91
	64.42
	54.01

	With WDS
	64.09
	50.05
	54.54
	43.13
	54.43
	43.80
	64.07
	50.10


The BS output ACLR in the example [columns A] is that of a very high quality signal and it can be seen that the impact of WDS on this signal is minimal, whilst [columns B] reflects a TS 25.104 compliant BS and the impact of WDS is clearly visible. The simulation results show that the ACLR in the multi-carrier scenario is similar to the single-carrier scenario.

5.2.4.4 Evaluation of Occupied Bandwidth

The test model 2 of WDS was used to simulate the occupied bandwidth resulting from the inclusion of the WDS. The test model 1 defined in subclause 6.1.1.1 of [8] was used for this simulation. The occupied bandwidth containing 99.5% of the integrated transmitted power (43dBm) was measured at 3.855MHz (see figure 5-17).
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Figure 5-17
Measurement of the occupied bandwidth.

Results from figure 5-17 are in reported in the table below:
Table 5-8
	Lower Side %
	Upper Side %
	Occupied Bandwidth (MHz)
	Total Power (dBm)

	0.242
	0.241
	3.855
	43.237


5.2.4.5 Spectrum Emission Mask (Out of Band Emissions)

The spectrum emission mask (out of band emissions) was simulated according to test model 1 specified in subclause 6.1.1.1 of [8] for a single carrier scenario with output power of 43dBm and using WDS model 2. The result found is shown in figure 5-18 along with the relevant mask for Power Out greater than or equal to 43dBm ([8] subclause 6.5.2.1).

In the graph, the higher line is the mask defined in [3], while the lower line is the mask obtained with the simulation. As we can see, the emissions are always well below the mask defined by the 3GPP.
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Figure 5-18
Measurement of the spectrum emission and relevant mask.

5.2.4.6 Error Vector Magnitude

This simulation aims to determine the effects on the EVM due to the insertion of the WDS between the Node B LLI and the remote antenna connectors. The EVM is the measure of the difference between the reference waveform and the measured waveform. This difference is called error vector. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed as a % [3]. The error vector measurement is defined in subclause 6.7.1.3 of TS25,141 using test model 3 defined in subclause 6.1.1.4. The simulation was performed according to the specs as follows:

-
the test model 3 source includes 16/32 DPCH channels, one PICH channel, one CPICH channel and one PCCPCH_SCH channel. The spreading factor for DPCH channel is 256;

-
the error vector was split into a real part and an imaginary par, that were stored separately;

-
the average voltage of the reference was also stored;

-
the simulation was made for one time slot.

The simulation was carried out twice: once in a scenario without the WDS (fig. 5-19), were the node B was directly connected to the antenna connector. In the second simulation run the WDS was introduced between the Node B and the (remote) antenna connector (fig. 5-20). In both cases the EVM was calculated at the antenna connector in order to evaluate the influence of the WDS. The EVM was evaluated in the downlink whit test model 2 of WDS. The test model 3 of [8] was provided by the simulation tool.
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Figure 5-19
Testbed for the simulation of the EVM without WDS.


[image: image14]
Figure 5-20
Testbed with the WDS.

The simulations showed that the WDS little to no impact on the EVM. As a matter of fact the EVM resulted equal to 0.12% in both simulations. In [3] it is stated that the EVM shall be less than 17.5%, therefore the presence of the WDS does not have any noticeable effect on the system.

The fact that the WDS has close to no impact on a perfectly modulated physical channel (test model 3 of [8]) should not surprise, because the WDS does not do any operation on the modulation of the signal. The RF modulated physical channel is transported as it is through the WDS, and no distortion due to adjacent channels can happen inside our model of WDS, because each carrier is transmitted on a physical channel that is isolated from the rest. Furthermore all functional blocks of the model derived from WDS prototype worked in their linear zone, therefore no distortion due to non linearity could affect the results.

5.2.4.7 Peak Code Domain Error

The PCDE is computed by projecting the error vector (simulated in 5.2.4.4) onto the code domain at a specific spreading factor. The code domain error for every code in the domain is defined as the ratio of the mean power of the projection, to the mean power of the composite reference waveform. The ratio is expressed in dB. The PCDE is defined as the maximum value for the code domain error for all codes. The measurement interval is one time slot in the C-PICH (when present), otherwise the measurement interval is one time slot starting with the beginning of the SCH [3].

The source test model 4 (defined in TS25.141) was used for this simulation as suggested in the specification. The measurement of the PCDE was done according to the guidelines reported in subclause 6.7.2.4 of TS25.141.

Figure 5-21 shows the outcome of the simulation with the WDS. The graph of the outcome of the simulation without WDS is not reported because very similar to the previous one, therefore it would bring very little additional information. It could be easily foreseen that the results of the two simulation runs will be statistically identical, because in section 5.2.4.6 it was found out that the WDS has almost no influence on the error vector, and the PCDE calculations have the results of the EVM’s simulations as input. The outcomes of the PCDE’s simulations confirm this hypothesis. Numerically the PCDE was evaluated equal to –126 dB, this value respects the minimum requirement defined in TS25.104, where it is stated that the PCDE shall not exceed –33 dB at a spreading factor 256.
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Figure 5-21
PCDE with the WDS.

5.2.5 Simulation Summary

The simulation programme and hence the results set out to demonstrate two specific areas of interest.

-
The range of input levels available to a system which would feed a WDS and its relationship to current specifications.

-
The margin required with the introduction of WDS over a number of output power classes.

5.2.5.1 ACLR

It was found that a 3dB margin is typically required to accommodate the effects of the inclusion of a WDS to an existing Base Station set-up. There is a minor difference in performance which is dependent on WDS input signal level. With low input power signal levels, as demonstrated in the example with 20dBm output power, the ACLR at +/- 10MHz becomes “non-linear” at high ACLR input levels. This effect is due to the closer proximity of the input signal level to the noise floor. A similar effect is evident for higher input power levels although this is found on the +/-5MHz area as the signal levels are subjected to WDS amplifier non-linearity. 

Two simulation runs were carried out to understand the impact of multi-carrier operation. The results indicated that for two carriers, each with output power of 23dBm, the impact on ACLR is similar to that seen with a single carrier.

5.2.5.2 Occupied Bandwidth (Out of Band Emissions)

Single carrier testing with WDS output power of 43dBm shows that there is negligible impact on the occupied bandwidth or output emissions due to the inclusion of WDS.

5.2.5.3 EVM and PCDE

The simulations revealed that the WDS has a negligible effect on the EVM and PCDE.

5.3 Conclusions

The simulations results show the impact of WDS from an RF perspective on most critical downlink parameters, with certain requirements at BS interface point. Any effect can be measured over a range of different power classes and implementation scenarios in order to define the interface conditions required to satisfy the relevant specification. Simulations have been limited to downlink parameters because of the utmost importance and higher criticality of this area. Reference [4] and RF performance discussion at 5.1 show that uplink parameters are less critical for WDS, when the utilised technologies are of the same kind in downlink and uplink. ACLR testing has demonstrated that a 3dB margin is desirable to account for WDS inclusion in a system. Further work may be required to verify the recommended margin consistency for the remaining uplink parameters (e.g. Noise Figure, Blocking, and Intermodulation) and downlink parameters (e.g. Modulation Accuracy, Frequency Stability and Accuracy, Output Power Stability and Accuracy) for all scenarios, particularly in the multi-carrier case. Out of band spurious emissions in any applicable environment are driven by the RF filtering on WDS; this will be designed to suit any of the regional requirements. EVM, PCDE and spurious emissions were only slightly affected by the insertion of the WDS.
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