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1. Introduction
We have investigated the radio performance of BS using antenna array with deployment scenarios considered. This paper presents portion of the results with elaboration at the receiver side, particularly. It’s found that the required radio performance for BS using antenna array can not be sufficiently tested by existing RAN (TS25/36/37.141) specifications which would lead to unstable network performance. The issues shall be investigated and resolved in RAN4 as soon as possible.

It’s proposed to create a Work Item to investigate the required radio performance for BS using antenna array, and to develop the corresponding core RF requirements and test specifications.
2. The RF Requirements for BS Using Antenna Array
The test procedures for BS using antenna array are currently specified in the following RAN specifications:
· The UTRA FDD Base Station is specified in sub-clause 4.6.5 of TS25.141.

· The UTRA TDD Base Station is specified in sub-clause 5.14.5 of TS25.142.

· The E-UTRA Base Station is specified in sub-clause 4.5.7 of TS36.141.

· The MSR Base Station is specified in sub-clause 4.10.7 of TS37.141.

In all those test procedure requirements, the receiver/transmitter are tested by using splitter/combiner network respectively, and the test setups are illustrated by the figures below which are duplicated from existing specs:
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Receiver test set-up 
(Duplicated from existing TS25/36/37.141 specifications)
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Transmitter test set-up

(Duplicated from existing 25/36/37.141 specifications)
For receiver tests, it is specified that the test signals applied to the receiver antenna connectors shall be such that the sum of the powers of the signals applied equals the power of the test signal(s) specified in the test, and this requirements apply to each test. 
Herein we take the E-UTRA “in-band blocking” performance as one example which is one of most critical requirements for BS. In TS 36.104 the in-band blocking requirements are specified as
· Blocking interference: -43dBm
· Wanted signal -101.5+6 =-95.5dBm, or maximum 6dB de-sense allowed
When this requirement is tested for BS antenna array system following sub-clause 4.5.7 in TS36.141, the wanted signal and blocking interference are equally allocated to each antenna port, and the blocking capability of each receiver is tested as
· Blocking interference: - 43-10*Log(N) (dBm), where N is number of antenna ports in the array
· Wanted signal -95.5-10*Log(N) (dBm)

When N is 8 or if the BS array system has 8 antenna elements, the blocking capability of each receiver is tested at -52dBm. In the next sections, we present the simulation results on the required blocking capability of each receiver in the real network.
3. Difference of BS using antenna array and BS not using antenna array

There are some definitions and discussions in existing 141 series on BS using antenna array. For the reader’s convenience, the differences of BS using and not using antenna array are illustrated in the most generic approach. Our analysis has been based on the generic structure and is valid for different implementation varieties. 
For BS station using antenna array, the signals presented at the antenna port for each individual transceiver are to/from the antenna element connected with the transceiver.
For traditional BS station (used in this paper referring to BS not using antenna array), the signals presented at the antenna port for the transceiver are to/from multiple antenna elements combined by the phase shifting network.
When these two different Base Stations are employed in the network with the same deployment scenarios, the required radio performance for the transceivers is actually not identical and should be investigated carefully.
Section 4 presents some simulation results. 
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Figure 1: Traditional Base Station (not using antenna array)
 (the beam patterns are for illustration purpose only)

[image: image4]
Figure 2: Base Station using antenna array (the beam patterns are for illustration purpose only)
4. The Required Blocking Capabilities for Each Receiver in the Array in Real Network

4.1 Antenna Beam Pattern Differences
The background of BS in-band blocking requirements for UTRA and E-UTRA is described in TR25.942 and TR36.942. System simulations were performed to evaluate the CDF distribution of the received power from uncoordinated systems at adjacent channel. The in-band blocking requirement shall be the power level that the BS may receive with very low possibility, for example, 0.01% or a few seconds per day.
For BS using antenna array system, the composite antenna beam pattern can be adjusted by applying different digital weighting vectors to the antenna array. However, the received power is applied to each receiver is actually from the antenna element connected to this transceiver. In typical situation, the beam of the antenna element is wider than the composite antenna beam. A 3-D example showing the difference between composited beam and element beam can be found in Figure 3. Please be noted that the scale on the 3D pictures is for illustration purpose and doesn’t represent the antenna gain. A 
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dipole antenna with reflecting shield on the back is assumed for each antenna element.
Figure 4 shows the difference between composite antenna beam and the antenna element on the vertical plane. It’s clear that the composite antenna pattern has optimized gain on the main beam for better cell coverage. However, the element antenna shows larger gain than the composite antenna pattern in a quite wide direction. This would imply that in certain situation (for example, if the UE from the adjacent system are located right below the array base station) the individual transceiver in the array will receive larger power more than a BS equipped with traditional antenna.
The antenna beam patterns showing on Figure 3 and Figure 4 are specific examples assuming 
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 dipole antenna element. Although the exact beam pattern might be different from antenna to antenna depending on the specific design scheme, there are certainly a range of arrival directions that the element antenna has larger gain than the composite beam of multiple antenna elements. 
The 2D equivalent antenna beam pattern differences are shown in Figure 5 if the cell layer out is 2D.
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 (Composite antenna pattern, with 10 antenna elements)       (Antenna pattern of the dipole antenna element)
Figure 3: Comparison of 3D antenna patterns
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Figure 4: Comparison of the vertical plane (for reader’s convenience, by 3D illustration)
[image: image10.png]antenna gain (%)

15

——— AAS single polar
———3GPP antenna

m 1 1 i ;
200 150 100 50 i 50 100 150 200
Angle (degree)





Figure 3: 2D equivalence of the 3D pattern difference
4.2 System Simulation Results

System simulations are conducted to evaluate the received power distribution at each transceiver in the array system and at the receiver of the non-array BS equipped with traditional antenna, with UEs belonging to uncoordinated system at adjacent channel included. The coexistence scenario is Macro to Macro. Both 2D and 3D simulations are conducted based on 3GPP common simulation assumptions for E-UTRA/10MHz system. 
For 2D simulation, the antenna beam pattern difference between the antenna element and 3GPP antenna pattern (TR25.996) is shown in Figure 5. The ISD for 2D simulation is 750m.
For 3D simulation, the 3D beam patterns in Figure 3 and Figure 4 are used. The BS station height is 32m and the UE height is 1.5m. The ISD for 3D simulation is 500m.
The 2D and 3D simulation results are presented in Figure 6 and Figure 7.
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Figure 6:3D Simulation results (ISD=500m)
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Figure 7:2D Simulation results (ISD=750m)

The 99.99% power levels reading from Figure 6 and Figure 7 are summarized in the table below

	99.99% CDF/ dBm 
	3D Ante. Model 
ISD=500m
	2D Ante. Model 
ISD=750m

	Traditional Antenna
	-56.7 
	-46.9

	Element Antenna
	-55.5
	-46.8


5. Analysis of Simulation Results
With 2D and 3D simulation with different ISD configured, we have the following observations based on the simulation results:
1) In real network, the blocking interference signals presented at the individual transceivers in the array could be larger than non-array BS equipped with traditional antenna. Testing of the array with the interference scaled by 1/N is risky to network stability.
2) There is not a 10*log(N) dB relations between the two blocking interference power levels as implied by the array testing setup using splitter network.
For the example with 8 antenna elements presented in Section 2, testing the in-band blocking performance of each receiver in the array at -52dBm would expose the BS antenna array system to a big risk of suffering the interference exceeding its capabilities which eventually impact the stability of the network. Please note the 0.01% blocking level at ISD=750m is around -46.8dBm based on our 2D simulation results, and 5.2dB deficient in the required RF capabilities is fatal to network performance
The similar issues can be found for other receiver tests such as Dynamic Range, In-band Selectivity, and Inter-modulation. The radio performance of the transmitter side shall also be reviewed against the real deployment scenarios. 

The existing test specifications in 141 series assume the same RF core requirements to the BS using antenna array as a “black box”. This would be a reasonable assumption if the same deployment scenarios are considered. However, the situation is different when the required RF performance is further broken down to each individual transceiver. Both the core RF requirements and test specifications shall be reviewed and developed.

6. Summary and Conclusions
It should be noted that application of antenna array in cellular system is a demanding technology. One typical BS antenna array system is the Active Antenna System which is an integration of multiple transceivers and the antenna array in one package. AAS offers significant benefit on site engineering and system performance gain. 

Based on the analysis presented in this paper, it was observed that the coverage of the RF requirements for antenna array system is not sufficient enough to ensure stable network performance. It is suggested to investigate the issues and work out a solid set of RF requirements for BS antenna array system as soon as possible. The required efforts definitely warrant a Work Item in RAN4.
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Ps = sum(Pi), where Ps is the required output power specified
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