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This contribution gives some answers to the questions raised in the discussion on CR 25.214-128r1 about clarification of SSDT (in Tdoc R1-00-1226). There were three questions:

1) Discontinuous downlink switching between cells with independently calculated P1 values, 

2) Interference of uplink transmission to non-primary cells, and

3) Interference by unexpected DPDCH transmission from non-primary cells.

Though RAN WG4 is doing several performance evaluations, in which SSDT is included, they are unfortunately link level ones without power control, then their results cannot answer directly the questions above. 

At first, it should be mentioned that downlink SIR measurement from the primary cell signal, which is the main issue of the CR, is clearly stated in [1] (Section 2, (3) Uplink TPC command detection; where "uplink TPC commands" mean TPC commands from a UE for downlink power control, and "detection" means generation). 

1) Discontinuous downlink switching between cells with independently calculated P1 values

Discontinuous downink switching is one of the natures of SSDT. This effect has been considered from the beginning of our evaluation. Although downlink transmission powers, i.e. P1 values, are calculated independently withh each cell, they are expected to be almost the same when the primary cell is switched between those cells. This is because in such a situation the average link qualities are almost the same between those cells in both up and downlinks. Then, calculating uplink TPC commands based only on the downlink quality of the primary cell also gives proper commands in average for the non-primary cell switched to.

2) Interference of uplink transmission to non-primary cells

Uplink transmission power control is carried out in the normal way. Thus, TPC commands from non-primary cells are also considered, and the uplink transmission interference to non-primary cells is controlled as done in the normal way.

3) Interference by unexpected DPDCH transmission from non-primary cells

SSDT ID decoding errors are investigated in [2,3,4,5]. It is shown that there is no sever influence in the actual situations. The influence of ID decoding errors has been considered from the beginning of our evaluation.

Although at present there is no explicit evaluation result to answer some of the questions, some explanations are given here based on the evaluation results currently available. It should be also noted that the background of the CR is clearly stated in [1]. Thus, it is recommended that the CR should be approved. 
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1. Introduction



SSDT is one of the performance enhancement technologies. We have presented several simulation results {1}{2}{3}. Meanwhile, implementation margin should be discussed in RAN4 to specify the UE performance requirement in TS25.101. This paper discusses the implementation matters and presents some simulation results.



2. Implementation matters



There are many items that have to be treated as an implementation matter, to each of which we must think of implementation margin. We will list up some of these and give descriptions.



· Rake finger management in SSDT



In SSDT, only selected BTS transmits the DPCH signal in principle, however, if there are errors in feedback channel, the selected BTS may not transmit the DPCH signal and/or non-selected BTS may start to transmit the DPCH signal. The ideal receiver would know which BTS transmit the DPCH signal and activate the appropriate Rake fingers with respect to the coming signal. In real life, receiver cannot know exactly which BTS transmits and which BTS does not transmit. So the BER performance will vary with how the receiver decides to allocate and combines the rake fingers.



· CPICH measurement



The UE performance will be affected by the accuracy of the CPICH power measurement which depends on the implementation. If UE are not able to accurately select the best BTS, the SSDT performance will degrade.



· Cell ID codeword error



In SSDT, UE informs primary BTS by feedback channel in terms of Cell ID codeword. If this Cell ID codeword is received by BTS with error, SSDT performance will degrade. Cell ID codeword error rate is depend on the allocation of the codeword, the decoding algorithm, etc. as well as the condition of feedback channel. In {2} it is shown there are maximum 0.3dB degradation in UE performance when there is 1% codeword error rate in the feedback channel.



· Implementation matters that are not specific to SSDT 



For implementation matters that are not specific to SSDT such as receiver noise figure, channel estimation, etc{4}, RAN4 has agreed to use 2.5dB implementation margin for case 1 propagation environment{5}.



3. Simulation results



Simulation results are shown here. The conditions that are used in the simulations here are the same as Test 3 with Case 1 FBI channel in document{3} unless specified. Figure 1 shows the UE performance with different Rake finger management. As an example of non-ideal receiver, we examined the performance of “UE’s choice” receiver, where the rake finger with respect to the BTS which UE selected as a primary BTS is activated. On the other hand, in “Ideal receiver”, which is assumed  in{1}{2}{3}, complete knowledge of the transmitted signal is supposed to be available. It is seen that there is 0.1 to 0.2dB degradation between UE’s choice receiver and the ideal receiver. In this simulation, channel estimation assumed to be perfect regardless to the finger switching.



Figure 2 shows the UE performance degradation due to CPICH power measurement error. MF output power of CPICH channel is used to select the primary BTS, while the power measurement is assumed to be perfect in the ideal receiver. It is observed 0.1 to 0.2dB degradation between the two.



[image: image1.emf]Rake finger management



1.00E-04



1.00E-03



1.00E-02



1.00E-01



1.00E+00



-22 -20 -18 -16 -14 -12 -10



DPCH_Ec/Ior



BER/BLER



Ideal Receiver BER



Ideal Receiver BLER



UE's choice BER



UE's choice BLER






Figure 1. Performance difference by Rake finger management
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Figure 2 Performance difference by CPICH power measurement



4. Conclusion



In this paper, we have discussed the implementation margin that is required to the UE performance requirement specification of SSDT. Several issues are specific to SSDT and others are more general. For some of those that are specific to SSDT, we performed simulations to estimate the corresponding implementation margin. Together with the already agreed implementation margin for non-SHO performance test, we conclude that 2.5 + 0.5 = 3.0dB is the suitable value as the implementation margin for SSDT performance test.
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1. Introduction



SSDT is one of the performance enhancement technologies. We have presented link level simulation results to help define the value of UE performance requirements in TS25.101{1}{2}.  In this document we present more simulation results with more realistic feedback channel condition to confirm our results.



2. Simulation conditions



We followed {1}{2}{3} and {4} for basic conditions and the value of Geometric factor(
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) 0dB is taken from the discussion in AH01{5}. Simulation assumptions are summarized in the table in the annex A. 



In our simulation result presented at the last meeting {2} random 1% Cell ID code word error(ie: probability of BTS failing to correctly decode the Cell ID= 1%), is assumed for the feedback channel. In this document we present simulation results having a more realistic feedback channel. The feedback channel is modeled as according to the Case 1 (2 path Rayleigh fading) propagation conditions independent to the downlink channel and normally distributed noise is added so that the FBI bit error rate 4% is produced.



3. Simulation results



The simulations are conducted under 4 scenarios as shown in the Table 1.



The results of Test 1 and Test 3 conditions are almost identical to the results in {1}  which is taken under the no feedback error condition. This is because although the FBI BER is 4%, the resulting code word error rate is much less than 1% as already shown in our earlier contribution {2}.  For Test 2 and Test 4, we have approximately 1dB better performance compared to the results in {1} and {2}. This is due to 
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 was not properly set to –3dB for the weaker BS in {1} and {2}. (Previously it was incorrectly set to –6dB). The summary of the results is shown in the Table 2.



Table 1:  The conditions of each simulation
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Table 2: Summary of the simulation results


			Test Number
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4. Conclusion



In this document, simulation results of SSDT with more realistic feedback channel are presented. The results are almost identical to those which we have previously presented. This shows the results with 1% feedback code word error rate can be taken as worst case scenario results. 
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Figure 1. SSDT simulation results for Test 1 (Case 1 
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= 0dB at BS1 and BS2)



Figure 2. SSDT simulation results for Test 2 (Case 1 
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=-3dB at BS1 and =0dB at BS2
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Figure 3. SSDT simulation results for Test 3 (Case 1 
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=0dB at BS1 and BS2)



[image: image12.emf]Test 1



1.00E-04



1.00E-03



1.00E-02



1.00E-01



1.00E+00



-22 -20 -18 -16-14 -12 -10 -8



Ec_DPDCH



BER/BLER



Case1 FBI BER



Perfect FBI BER



Case1 FBI BLER



Perfect FBI BLER






Figure 4. SSDT simulation results for Test 4 (Case 1 
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ANNEX A   Simulation Assumptions



Table A.1 simulation assumptions



			Parameter


			Explanation/Assumption





			Chip Rate


			3.84 Mcps





			Closed loop Power Control


			OFF





			Uplink FBI bit error rate


			4% under the Case 1 condition





			Channel Estimation


			Ideal





			Number of samples per chip


			4





			Tx and Rx filter


			Rectangular pulse





			Number of bits in AD converter


			Floating point simulations





			Number of Rake Fingers


			Equals to number of taps in propagation condition models. 





			SIR target


			not needed in this test 





			Propagation Conditions


			Case 1 as specified in TS 25.101





			Downlink Physical Channels and Power Levels


			As specified in TS25.101





			BLER target


			not needed in this test 





			BLER calculation


			BLER has been calculated by 16bit CRC in the receiver. 





			CPICH model


			All 0 pattern   (CPICH_Ec/Ior = -10dB)  





			PCCPCH model


			Random symbols transmitted, ignored in a receiver   (PCCPCH_Ec/Ior=-12dB)





			PICH model


			Random symbols transmitted, ignored in a receiver   (PICH_Ec/Ior=-15dB)





			DCCH model


			Random symbols transmitted, ignored in a receiver 





			TFCI model


			Random symbols, ignored in a receiver but it is assumed that receiver gets error free reception of TFCI information. 





			Used OVSF and scrambling codes


			Codes are chosen from the allowed set
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 values


			As per SSDT test defined in TS25.101v3.1.0 





			


			


			Test 1


			Test 2


			Test 3


			Test 4





			


			Ior/Ioc (BS1)


			0 dB


			-3 dB


			0 dB


			0 dB





			


			Ior/Ioc (BS2)


			0 dB


			0 dB


			0 dB


			-3 dB





			


			No of FBI bits assigned to "S" field


			
1


			
1


			
2


			
2





			OCNS_Ec/Ior


			Adjusted so that   Ior = 1





			SCH position


			Offset between SCH and DPCH is zero chips meaning that SCH is overlapping with the first symbols in DPCH in the beginning of DPCH slot structure



SCH_Ec/Ior=-12dB





			Measurement Channel 


			12.2 kbps as specified in Annex A of TS 25.101 v3.1.0





			Other L1 parameters


			As Specified in latest L1 specifications.





			Number of blocks simulated


			6000   =  12000 Radio Frames = 180,000 Radio Time Slots
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�	�F�o�r� �t�h�e� �s�u�p�p�o�r�t� �o�f� �S�S�D�T�,� �U�E� �h�a�s� �t�o� �p�e�r�i�o�d�i�c�a�l�l�y� �s�e�n�s�e� �p�i�l�o�t� �p�o�w�e�r� �o�f� �c�o�m�m�o�n� �c�o�n�t�r�o�l� �c�h�a�n�n�e�l� �i�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �p�r�i�m�a�r�y� �c�e�l�l�.� �S�i�n�c�e� �t�h�e� �c�o�m�m�o�n� �p�i�l�o�t�s� �m�e�a�s�u�r�e�m�e�n�t� �i�s� �s�u�b�j�e�c�t� �t�o� �o�n�l�y� �f�o�r� �t�h�e� �a�c�t�i�v�e� �c�e�l�l�s�’� �c�o�m�m�o�n� �c�o�n�t�r�o�l� �c�h�a�n�n�e�l�,� �t�h�e� �p�a�t�h� �i�n�f�o�r�m�a�t�i�o�n� �a�l�r�e�a�d�y� �o�b�t�a�i�n�e�d� �f�o�r� �B�C�C�H� �(�o�r� �D�P�C�H�)� �r�e�c�e�p�t�i�o�n� �o�f� �t�h�e� �a�c�t�i�v�e� �c�e�l�l�s� �c�a�n� �b�e� �r�e�u�s�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �f�u�n�c�t�i�o�n� �o�f� �c�o�m�m�o�n� �p�i�l�o�t� �p�o�w�e�r� �m�e�a�s�u�r�e�m�e�n�t� �i�s� �i�m�p�l�e�m�e�n�t�e�d� �f�o�r� �d�e�t�e�c�t�i�n�g� �a�c�t�i�v�e� �s�e�t� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �S�S�D�T� �s�u�p�p�o�r�t�.� �




�D�u�r�i�n�g� �S�S�D�T� �o�p�e�r�a�t�i�o�n�,� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �c�y�c�l�e� �o�f� �t�h�e� �c�o�m�m�o�n� �p�i�l�o�t�s� �i�s� �i�d�e�n�t�i�c�a�l� �t�o� �s�i�t�e� �s�e�l�e�c�t�i�o�n� �c�y�c�l�e�,� �i�.�e�.� �1�/�2� �f�r�a�m�e� �o�r� �1� �f�r�a�m�e� �i�n� �t�h�e� �c�u�r�r�e�n�t� �s�p�e�c�i�f�i�c�a�t�i�o�n�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�e� �c�y�c�l�e� �o�f� �p�i�l�o�t� �l�e�v�e�l� �m�e�a�s�u�r�e�m�e�n�t� �f�o�r� �t�h�e� �a�c�t�i�v�e� �s�e�t� �d�e�t�e�c�t�i�o�n� �i�s� �p�o�s�s�i�b�l�e� �t�o� �b�e� �s�e�v�e�r�a�l� �f�r�a�m�e�s�.� �S�o� �o�u�r� �c�o�n�c�e�r�n� �i�s� �h�o�w� �m�u�c�h� �e�x�t�e�n�t� �o�f� �t�h�e� �i�m�p�a�c�t� �s�u�c�h� �a� �f�r�e�q�u�e�n�t� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �g�i�v�e�s� �o�n� �U�E� �f�o�r� �t�h�e� �s�u�p�p�o�r�t� �o�f� �S�S�D�T�.� �T�h�i�s� �c�o�n�c�e�r�n� �i�s� �e�s�p�e�c�i�a�l�l�y� �l�y�i�n�g� �o�n� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �a�c�t�i�v�i�t�y� �i�n�c�r�e�a�s�e�.�




�	�W�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �o�f� �a� �c�o�m�m�o�n� �p�i�l�o�t� �a�n�d� �c�a�p�a�c�i�t�y� �i�n� �A�p�p�e�n�d�i�x� �A�.� �A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�s�s�u�m�p�t�i�o�n� �o�f� �s�e�n�s�i�n�g� �P�C�C�P�C�H� �w�i�t�h� �–�1�0�d�B� �a� �m�a�x�i�m�u�m� �p�o�w�e�r� �o�f� �3�8�4�k�b�p�s� �(�d�a�t�a� �r�a�t�e�)� �D�P�C�H�,� �t�h�e� �r�e�s�u�l�t� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �l�e�s�s� �t�h�a�n� �3�%� �c�a�p�a�c�i�t�y� �d�e�g�r�a�d�a�t�i�o�n� �w�i�l�l� �t�a�k�e� �p�l�a�c�e� �w�h�e�n� �t�h�e� �p�o�w�e�r� �m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �i�s� �o�v�e�r� �1� �s�l�o�t� �t�i�m�e�.� �T�h�i�s� �c�a�p�a�c�i�t�y� �d�e�g�r�a�d�a�t�i�o�n� �w�o�u�l�d� �b�e� �t�o�l�e�r�a�b�l�e� �b�y� �t�a�k�i�n�g� �i�n�t�o� �a�c�c�o�u�n�t� �t�h�e� �3�0�%� �c�a�p�a�c�i�t�y� �g�a�i�n� �o�f� �S�S�D�T� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �T�P�C�.� �P�r�o�v�i�d�e�d� �t�h�a�t� �S�I�R� �e�s�t�i�m�a�t�i�o�n� �o�f� �D�P�C�H� �i�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a� �h�a�l�f� �s�l�o�t� �t�i�m�e� �m�e�a�s�u�r�e�m�e�n�t� �b�a�s�i�s�,� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �p�r�o�c�e�s�s�i�n�g� �a�m�o�u�n�t� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �S�I�R� �e�s�t�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �i�s� �g�i�v�e�n� �a�s� �f�o�l�l�o�w�s�.�
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�i�n� �w�h�i�c�h� �w�e� �a�s�s�u�m�e� �p�e�r�-�f�r�a�m�e� �s�i�t�e� �s�e�l�e�c�t�i�o�n�.� �T�h�e� �f�a�c�t�o�r� �o�f� �0�.�9� �i�n� �t�h�e� �a�b�o�v�e� �c�a�l�c�u�l�a�t�i�o�n� �d�e�n�o�t�e� �P�C�C�P�C�H� �a�c�t�i�v�i�t�y� �r�a�t�i�o� �d�e�f�i�n�e�d� �i�n� �S�1�.�1�1�.� �A�s� �s�e�e�n� �i�n� �(�1�)�,� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �i�n�c�r�e�a�s�e� �o�f� �1�1�%� �o�n� �t�h�e� �S�I�R� �e�s�t�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �w�i�l�l� �t�a�k�e� �p�l�a�c�e� �b�y� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �S�S�D�T�.�
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� �(�2�)� �A�s�s�i�g�n�m�e�n�t� �o�f� �p�a�t�h� �t�o� �R�A�K�E� �f�i�n�g�e�r� �




�	�I�n� �c�o�n�v�e�n�t�i�o�n�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �U�E�,� �a�s�s�i�g�n�m�e�n�t� �o�f� �p�a�t�h� �t�o� �R�A�K�E� �f�i�n�g�e�r� �w�i�l�l� �b�e� �b�a�s�e�d� �o�n� �a� �p�o�w�e�r� �o�r�d�e�r� �l�o�w� �i�n� �w�h�i�c�h� �t�h�e� �m�a�x�i�m�u�m� �“�N�”� �p�a�t�h�s� �a�r�e� �c�h�o�s�e�n� �a�n�d� �a�s�s�i�g�n�e�d� �t�o� �"�N�"� �R�A�K�E� �f�i�n�g�e�r�s� �f�o�r� �d�e�m�o�d�u�l�a�t�i�o�n�.� �I�n� �t�h�i�s� �p�a�t�h� �a�s�s�i�g�n�m�e�n�t� �s�c�e�n�a�r�i�o�,� �h�o�w�e�v�e�r�,� �w�e� �s�h�o�u�l�d� �n�o�t�e� �t�h�a�t� �a�t� �l�e�a�s�t� �1� �R�A�K�E� �f�i�n�g�e�r� �m�u�s�t� �b�e� �a�s�s�i�g�n�e�d� �t�o� �e�v�e�r�y� �a�c�t�i�v�e� �B�T�S� �f�o�r� �D�P�C�C�H� �d�e�m�o�d�u�l�a�t�i�o�n� �e�v�e�n� �t�h�o�u�g�h� �a�l�l� �p�a�t�h�s� �o�f� �a� �B�T�S� �a�r�e� �n�o�t� �c�h�o�s�e�n� �a�s� �t�h�e� �m�a�x�i�m�u�m� �“�N�”� �p�a�t�h�s�.� �




�T�h�e� �s�a�m�e� �r�u�l�e� �i�s� �a�p�p�l�i�e�d� �t�o� �U�E� �s�u�p�p�o�r�t�i�n�g� �S�S�D�T�,� �b�u�t� �s�i�n�c�e� �D�P�D�C�H� �t�r�a�n�s�m�i�s�s�i�o�n� �i�s� �o�m�i�t�t�e�d� �i�n� �n�o�n� �p�r�i�m�a�r�y� �B�T�S�,� �U�E� �m�u�s�t� �d�i�s�c�a�r�d� �t�h�e� �o�m�i�t�t�e�d� �D�P�D�C�H� �p�a�t�h�s� �i�n� �t�h�e� �R�A�K�E� �f�i�n�g�e�r� �a�s�s�i�g�n�m�e�n�t�.� �A�l�t�h�o�u�g�h� �U�E� �k�n�o�w�s� �w�h�i�c�h� �c�e�l�l� �i�s� �p�r�i�m�a�r�y�,� �t�h�e� �c�e�l�l�s� �c�a�n�n�o�t� �p�r�e�v�e�n�t� �t�h�e�i�r� �d�e�c�i�s�i�o�n� �f�r�o�m� �b�e�i�n�g� �w�r�o�n�g� �p�r�i�m�a�r�y� �/� �n�o�n�-�p�r�i�m�a�r�y� �s�t�a�t�e� �b�e�c�a�u�s�e� �t�h�e� �p�r�i�m�a�r�y� �I�D� �r�e�c�e�p�t�i�o�n� �i�s� �i�n�h�e�r�e�n�t�l�y� �n�o�n� �e�r�r�o�r� �f�r�e�e�.� �A�s� �a� �r�e�s�u�l�t�,� �U�E� �s�o�m�e�t�i�m�e�s� �e�n�c�o�u�n�t�e�r�s� �m�u�l�t�i�p�l�e� �/� �d�i�f�f�e�r�e�n�t� �/� �n�o� �c�e�l�l�s� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �D�P�D�C�H� �i�n� �s�p�i�t�e� �o�f� �d�u�r�i�n�g� �S�S�D�T� �m�o�d�e�.� �I�n� �o�r�d�e�r� �f�o�r� �U�E� �t�o� �a�v�o�i�d� �d�e�m�o�d�u�l�a�t�i�n�g� �i�n�e�f�f�i�c�i�e�n�t� �D�H�O� �b�r�a�n�c�h�e�s�,� �U�E� �s�h�o�u�l�d� �c�h�o�o�s�e� �e�f�f�i�c�i�e�n�t� �p�a�t�h�s� �b�y� �i�t�s�e�l�f�.� �




�T�h�e�r�e� �a�r�e� �t�w�o� �w�a�y�s� �o�f� �D�P�D�C�H� �d�e�t�e�c�t�i�o�n�,� �i�.�e�.� �a� �w�a�y� �o�f� �u�s�i�n�g� �T�F�C�I� �a�n�d� �a� �w�a�y� �o�f� �b�l�i�n�d� �d�e�t�e�c�t�i�o�n�.� �B�o�t�h� �m�e�t�h�o�d�s� �w�i�l�l� �b�e� �a�l�s�o� �u�s�e�d� �f�o�r� �t�h�e� �s�i�g�n�a�l� �d�e�t�e�c�t�i�o�n� �i�n� �D�T�X� �c�o�n�t�r�o�l�,� �a�n�d� �t�h�u�s� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �s�h�a�r�e� �t�h�e� �m�e�t�h�o�d�s� �b�e�t�w�e�e�n� �S�S�D�T� �a�n�d� �D�T�X� �o�p�e�r�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�a�t�e� �d�e�t�e�c�t�i�o�n� �i�n� �D�T�X� �o�p�e�r�a�t�i�o�n� �w�o�u�l�d� �t�a�k�e� �p�l�a�c�e� �i�n� �a� �f�r�a�m�e� �c�y�c�l�e� �b�a�s�i�s�,� �t�h�u�s� �l�o�n�g� �d�e�t�e�c�t�i�o�n� �d�e�l�a�y� �c�a�n�n�o�t� �b�e� �a�v�o�i�d�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �T�F�C�I� �m�e�t�h�o�d� �i�s� �l�i�m�i�t�e�d� �t�o� �t�h�e� �c�a�s�e� �o�f� �p�e�r� �f�r�a�m�e� �s�i�t�e� �s�e�l�e�c�t�i�o�n�.� �




�	�A�l�t�e�r�n�a�t�i�v�e�l�y�,� �w�e� �c�a�n� �u�s�e� �a� �b�l�i�n�d� �d�e�t�e�c�t�i�o�n� �b�y� �s�e�n�s�i�n�g� �p�o�w�e�r� �o�f� �D�P�D�C�H� �s�i�g�n�a�l�.� �A�c�c�o�r�d�i�n�g� �t�o� �A�p�p�e�n�d�i�x� �B�,� �o�u�r� �e�s�t�i�m�a�t�i�o�n� �o�f� �t�h�e� �r�e�q�u�i�r�e�d� �n�u�m�b�e�r� �o�f� �s�y�m�b�o�l�s� �t�o� �d�e�t�e�c�t� �t�h�e� �D�P�D�C�H� �s�i�g�n�a�l� �s�h�o�w�s� �t�h�a�t� �1� �s�l�o�t� �D�P�D�C�H� �m�e�a�s�u�r�e�m�e�n�t� �i�s� �e�n�o�u�g�h� �f�o�r� �t�h�e� �c�h�a�n�n�e�l� �b�i�t� �r�a�t�e� �o�f� �6�4�k�b�p�s� �(�u�s�e�d� �f�o�r� �v�o�i�c�e� �t�r�a�f�f�i�c�)�.� � �S�i�n�c�e� �S�I�R� �o�f� �D�P�C�H� �w�o�u�l�d� �b�e� �c�o�n�t�i�n�u�o�u�s�l�y� �m�e�a�s�u�r�e�d� �f�o�r� �m�a�k�i�n�g� �u�p�l�i�n�k� �T�P�C� �b�i�t�,� �s�o�m�e� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �i�n� �m�a�k�i�n�g� �T�P�C� �b�i�t� �c�a�n� �b�e� �r�e�u�s�e�d� �i�n� �t�h�e� �D�P�D�C�H� �d�e�t�e�c�t�i�o�n�.� �I�f� �i�t� �i�s� �t�h�e� �c�a�s�e�,� �p�r�o�c�e�s�s�i�n�g� �a�c�t�i�v�i�t�y� �f�o�r� �t�h�e� �D�P�D�C�H� �d�e�t�e�c�t�i�o�n� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a� �s�l�i�g�h�t�.�
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� �(�3�)� �U�p�l�i�n�k� �T�P�C� �c�o�m�m�a�n�d� �d�e�t�e�c�t�i�o�n�




�	�U�p�l�i�n�k� �T�P�C� �c�o�m�m�a�n�d� �s�h�o�u�l�d� �b�e� �d�e�t�e�c�t�e�d� �b�a�s�e�d� �o�n� �S�I�R� �f�o�r� �t�h�e� �D�L� �s�i�g�n�a�l� �o�f� �p�r�i�m�a�r�y� �c�e�l�l�.� �A�l�t�e�r�n�a�t�i�v�e�l�y�,� �t�h�e� �u�s�e� �o�f� �S�I�R� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �a�l�l� �D�P�D�C�H� �s�i�g�n�a�l�s� �i�n� �a�c�t�i�v�e� �s�e�t� �i�s� �p�o�s�s�i�b�l�e�.� �
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�(�4�)� �P�r�i�m�a�r�y� �I�D� �f�e�e�d�b�a�c�k�




�P�r�i�m�a�r�y� �I�D� �c�o�d�e� �w�o�r�d� �s�h�o�u�l�d� �b�e� �t�r�a�n�s�m�i�t�t�e�d� �v�i�a� �u�p�l�i�n�k� �F�B�I�.� �
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�3�.� �C�o�n�c�l�u�s�i�o�n�




�F�r�o�m� �t�h�e� �a�n�a�l�y�s�i�s� �d�o�n�e� �s�o� �f�a�r�,� �t�h�e� �m�o�s�t� �i�m�p�a�c�t� �o�n� �U�E� �c�o�m�p�l�e�x�i�t�y� �f�o�r� �t�h�e� �s�u�p�p�o�r�t� �o�f� �S�S�D�T� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �a� �f�r�e�q�u�e�n�t� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �f�o�r� �p�r�i�m�a�r�y� �c�e�l�l� �d�e�t�e�c�t�i�o�n�.� �A�l�t�h�o�u�g�h� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �r�e�u�s�e� �t�h�e� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �c�i�r�c�u�i�t� �a�l�r�e�a�d�y� �i�m�p�l�e�m�e�n�t�e�d� �f�o�r� �t�h�e� �a�c�t�i�v�e� �c�e�l�l� �d�e�t�e�c�t�i�o�n�,� �t�h�e� �f�r�e�q�u�e�n�t� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �m�a�k�e�s� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �a�c�t�i�v�i�t�y� �i�n�c�r�e�a�s�e�.� �T�h�e� �a�n�a�l�y�s�i�s� �s�h�o�w�s� �t�h�a�t� �i�f� �S�I�R� �e�s�t�i�m�a�t�i�o�n� �o�f� �D�P�C�H� �i�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a� �h�a�l�f� �s�l�o�t� �t�i�m�e� �m�e�a�s�u�r�e�m�e�n�t� �b�a�s�i�s�,� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �p�r�o�c�e�s�s�i�n�g� �a�m�o�u�n�t� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �S�I�R� �e�s�t�i�m�a�t�i�o�n� �p�r�o�c�e�s�s�i�n�g� �i�s� �1�1�%� �f�o�r� �p�e�r�-�f�r�a�m�e� �s�i�t�e� �s�e�l�e�c�t�i�o�n�.� �
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�A�p�p�e�n�d�i�x� �A� � � �T�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �a�n�d� �c�a�p�a�c�i�t�y�




�	�F�o�r� �r�e�l�i�a�b�l�e� �p�r�i�m�a�r�y� �c�e�l�l� �s�e�l�e�c�t�i�o�n�,� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �i�n� �l�o�n�g� �p�e�r�i�o�d� �s�h�o�u�l�d� �b�e� �c�a�r�r�i�e�d� �o�u�t� �i�n� �o�r�d�e�r� �t�o� �r�e�d�u�c�e� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �i�n�t�e�r�f�e�r�e�n�c�e� �a�n�d� �n�o�i�s�e�.� �T�h�e� �l�o�n�g�e�r� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d�,� �t�h�e� �h�i�g�h�e�r� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �s�i�g�n�a�l� �p�o�w�e�r� �d�e�t�e�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �f�o�r� �t�h�e� �c�e�l�l� �s�e�l�e�c�t�i�o�n� �r�e�q�u�i�r�e�s� �a�d�d�i�t�i�o�n�a�l� �p�r�o�c�e�s�s�i�n�g� �o�f� �U�E�.� �I�n� �t�h�i�s� �a�p�p�e�n�d�i�x�,� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d� �a�n�d� �c�a�p�a�c�i�t�y� �i�s� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �s�y�s�t�e�m� �s�i�m�u�l�a�t�i�o�n�.�




�	�W�h�e�n� �r�j�,�I� �a�n�d� �r�j�,�Q� �a�r�e� �a�s�s�u�m�e�d� �t�o� �b�e� �i�n�-�p�h�a�s�e� �a�n�d� �q�u�a�d�r�a�t�u�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �r�e�c�e�i�v�e�d� �s�i�g�n�a�l�,� �t�h�e� �r�e�c�e�p�t�i�o�n� �p�o�w�e�r� �o�f� �d�e�s�i�r�e�d� �s�i�g�n�a�l�,� �S� �c�a�n� �b�e� �c�o�m�p�u�t�e�d� �f�r�o�m� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�.�
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���	�	�	�	�(�a�)�
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�w�h�e�r�e� ��� � �a�n�d� ��� �d�e�n�o�t�e� �t�h�e� �d�e�t�e�c�t�e�d� �s�i�g�n�a�l�s� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �r�j�,�I� �a�n�d� �r�j�,�Q�.� �I�n� �t�h�e� �a�b�o�v�e� �e�q�u�a�t�i�o�n�,� �n� �a�n�d� �j� �d�e�n�o�t�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�l�l�e�c�t�e�d� �s�y�m�b�o�l�s� �a�n�d� �s�y�m�b�o�l� �i�n�d�e�x�.� �




�	�T�h�e� �s�i�m�u�l�a�t�i�o�n� �a�s�s�u�m�e�s� �D�P�C�H� �f�o�r� �3�8�4�k�b�p�s� �d�a�t�a� �t�r�a�n�s�m�i�s�s�i�o�n� �a�n�d� �t�h�e� �p�i�l�o�t� �m�e�a�s�u�r�e�m�e�n�t� �f�o�r� �P�C�C�P�C�H� �(�c�h�a�n�n�e�l� �b�i�t� �r�a�t�e� �o�f� �3�2�k�b�p�s�,� �S�F�=�2�5�6�,� �9� �s�y�m�b�o�l�s�/�s�l�o�t�)�.� �T�r�a�n�s�m�i�s�s�i�o�n� �p�o�w�e�r� �o�f� �P�C�C�P�C�H� �i�s� �s�e�t� �t�o� �–�1�0�d�B� �f�r�o�m� �a� �m�a�x�i�m�u�m� �D�P�C�H� �p�o�w�e�r�.� �I�n� �P�C�C�P�C�H� �p�o�w�e�r� �m�e�a�s�u�r�e�m�e�n�t�,� �w�e� �i�n�t�r�o�d�u�c�e� �a� �r�a�n�d�o�m� �p�o�w�e�r� �o�f�f�s�e�t� �d�u�e� �t�o� �n�o�i�s�e� �a�n�d� �i�n�t�e�r�f�e�r�e�n�c�e�.� �T�h�e� �r�a�n�d�o�m� �o�f�f�s�e�t� �w�h�i�c�h� �d�e�p�e�n�d�s� �o�n� �S�I�R� �o�f� �t�h�e� �r�e�c�e�i�v�e�d� �P�C�C�P�C�H� �s�i�g�n�a�l� �i�s� �p�r�o�d�u�c�e�d� �s�o� �t�h�a�t� �t�h�e� �s�t�a�t�i�s�t�i�c�s� �o�f� �t�h�e� �o�f�f�s�e�t� �v�a�l�e� �e�q�u�a�l�s� �t�o� �t�h�a�t� �t�o� �b�e� �p�r�a�c�t�i�c�a�l�l�y� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �p�o�w�e�r� �m�e�a�s�u�r�e�m�e�n�t� �g�i�v�e�n� �a�s� �E�q�.�(�a�)�.� �T�h�e� �v�a�r�i�a�n�c�e� �o�f� �t�h�e� �o�f�f�s�e�t� �i�n�c�r�e�a�s�e�s� �a�s� �S�I�R� �o�f� �t�h�e� �r�e�c�e�i�v�e�d� �s�i�g�n�a�l� �d�e�c�r�e�a�s�e�s�.� �2� �a�n�t�e�n�n�a� �b�r�a�n�c�h� �d�i�v�e�r�s�i�t�y� �r�e�c�e�p�t�i�o�n� �a�t� �U�E� �a�r�e� �a�s�s�u�m�e�d�,� �b�u�t� �a�s� �f�o�r� �t�h�e� �r�a�n�d�o�m� �o�f�f�s�e�t� �c�o�m�p�u�t�a�t�i�o�n�,� �w�e� �a�s�s�u�m�e�d� �1� �p�a�t�h� �a�n�d� �1� �b�r�a�n�c�h� �d�i�v�e�r�s�i�t�y� �r�e�c�e�p�t�i�o�n� �i�n� �o�r�d�e�r� �t�o� �p�r�e�p�a�r�e� �f�o�r� �t�h�e� �w�o�r�s�t�.�




�	�F�i�g�.�A�-�1� �s�h�o�w�s� �t�h�e� �i�n�t�e�r�f�e�r�e�n�c�e� �p�r�o�b�a�b�i�l�i�t�y� �v�e�r�s�u�s� �t�h�e� �n�u�m�b�e�r� �o�f� �g�i�v�e�n� �U�E�s� �f�o�r� �3� �s�e�c�t�o�r�e�d� �V�e�h�i�c�u�l�a�r� �d�e�p�l�o�y�m�e�n�t� �m�o�d�e�l�.� �U�E� �s�p�e�e�d� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �4�k�m�/�h�.� �T�h�e� �n�u�m�b�e�r� �o�f� �c�o�l�l�e�c�t�e�d� �s�y�m�b�o�l�s� �f�r�o�m� �P�C�C�P�C�H� �s�i�g�n�a�l�,� �n� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �3� �a�n�d� �9�,� �e�a�c�h� �o�f� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �1�/�3� �s�l�o�t� �a�n�d� �1� �s�l�o�t� �t�i�m�e� �l�e�n�g�t�h�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�e� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �c�o�n�v�e�n�t�i�o�n�a�l� �T�P�C� �a�n�d� �S�S�D�T� �i�n� �p�r�i�m�a�r�y� �c�e�l�l� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �f�r�e�e�.�
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�F�i�g�.�A�-�1� � � �I�n�t�e�r�f�e�r�e�n�c�e� �p�r�o�b�a�b�i�l�i�t�y� �v�e�r�s�u�s� �t�h�e� �n�u�m�b�e�r� �o�f� �g�i�v�e�n� �U�E�s� �i�n� �a� �s�e�c�t�o�r�.�
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�F�r�o�m� �F�i�g�.�A�-�1�,� �S�S�D�T� �c�a�p�a�c�i�t�y� �d�e�g�r�a�d�a�t�i�o�n� �f�o�r� �n�=�9� �i�s� �l�e�s�s� �t�h�a�n� �3�%� �c�o�m�p�a�r�e�d� �w�i�t�h� �S�S�D�T� �i�n� �p�r�i�m�a�r�y� �c�e�l�l� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �f�r�e�e� �(�w�e� �f�o�c�u�s� �o�n� �5�%� �i�n�t�e�r�f�e�r�e�n�c�e� �c�a�p�a�c�i�t�y�)�.� �A�l�t�h�o�u�g�h� �P�C�C�P�C�H� �p�o�w�e�r� �i�s� �s�e�t� �t�o� �–�1�0� �d�B� �f�r�o�m� �a� �m�a�x�i�m�u�m� �D�P�C�H� �p�o�w�e�r�,� �S�I�R� �o�f� �p�r�i�m�a�r�y� �c�e�l�l�’�s� �P�C�C�P�C�H� �w�a�s� �a�c�h�i�e�v�e�d� �o�f� �2�0�d�B� �i�n� �a�v�e�r�a�g�e�.� �T�h�i�s� �i�s� �d�u�e� �t�o� �h�i�g�h� �p�r�o�c�e�s�s�i�n�g� �g�a�i�n� �a�n�d� �f�i�x�e�d� �t�r�a�n�s�m�i�s�s�i�o�n� �p�o�w�e�r� �o�f� �P�C�C�P�C�H� �s�i�g�n�a�l�.� �I�n� �p�r�a�c�t�i�c�a�l� �s�y�s�t�e�m�,� �S�I�R� �o�f� �a�c�t�i�v�e� �c�e�l�l�s�’� �P�C�C�P�C�H� �w�i�l�l� �b�e� �a�c�t�u�a�l�l�y� �k�e�p�t� �h�i�g�h� �b�e�c�a�u�s�e� �t�h�e� �c�o�v�e�r�a�g�e� �f�o�r� �P�C�C�P�C�H� �s�i�g�n�a�l� �m�u�s�t� �b�e� �w�i�d�e�r� �t�h�a�n� �t�h�a�t� �f�o�r� �D�P�C�H�.� �
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�A�p�p�e�n�d�i�x� �B� � � �E�s�t�i�m�a�t�i�o�n� �o�f� �m�i�n�i�m�u�m� �s�i�g�n�a�l� �i�n�t�e�g�r�a�t�i�o�n� �p�e�r�i�o�d� �f�o�r� �D�P�D�C�H� �d�e�t�e�c�t�i�o�n�




�	�T�h�e� �D�P�D�C�H� �s�i�g�n�a�l� �t�r�a�n�s�m�i�s�s�i�o�n� �i�s� �d�e�t�e�c�t�e�d� �i�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �c�o�n�d�i�t�i�o�n� �i�s� �s�a�t�i�s�f�i�e�d�.�
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�S�D�P�D�C�H�>�S�t�h� �	�	�	�	�(�b�)�
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�w�h�e�r�e� �S�D�P�D�C�H� �a�n�d� �S�t�h� �d�e�n�o�t�e� �r�e�c�e�p�t�i�o�n� �p�o�w�e�r� �o�f� �D�P�D�C�H� �s�i�g�n�a�l� �c�a�l�c�u�l�a�t�e�d� �b�y� �E�q�u�a�t�i�o�n� �(�a�)� �a�n�d� �D�P�D�C�H� �d�e�t�e�c�t�i�o�n� �t�h�r�e�s�h�o�l�d�.� �F�i�g�.� �B�-�1� �s�h�o�w�s� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �s�w�i�t�c�h�e�d�-�o�f�f� �D�P�D�C�H� �s�i�g�n�a�l� �v�e�r�s�u�s� �S�t�h�.� �I�n� �F�i�g�.� �B�-�1�,� �c�h�a�n�n�e�l� �b�i�t� �r�a�t�e� �o�f� �6�4�k�b�p�s� �(�4�8�k�b�p�s� �f�o�r� �D�P�D�C�H� �a�n�d� �1�6�k�b�p�s� �f�o�r� �D�P�C�C�H�,� �f�o�r� �v�o�i�c�e� �t�r�a�f�f�i�c�)�,� �a�n�d� �i�n� �o�r�d�e�r� �t�o� �p�r�e�p�a�r�e� �f�o�r� �t�h�e� �w�o�r�s�t�,� �1� �b�r�a�n�c�h� �&� �1� �p�a�t�h� �d�i�v�e�r�s�i�t�y� �r�e�c�e�p�t�i�o�n� �a�r�e� �a�s�s�u�m�e�d�.� �T�h�e� �n�u�m�b�e�r� �o�f� �c�o�l�l�e�c�t�e�d� �s�y�m�b�o�l�s� �t�o� �e�s�t�i�m�a�t�e� �s�i�g�n�a�l� �p�o�w�e�r�,� �n� �i�s� �s�e�t� �t�o� �1�5� �(�1� �s�l�o�t�)�,� �3�0� �(�2� �s�l�o�t�)� �a�n�d� �4�5� �(�3� �s�l�o�t�)�.� �
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�F�i�g�.�B�-�1� � � �D�e�t�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�i�e�s� �o�f� �s�w�i�t�c�h�e�d�-�o�f�f� �D�P�D�C�H� �s�i�g�n�a�l�
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�F�r�o�m� �F�i�g�.� �B�-�1�,� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �s�w�i�t�c�h�e�d�-�o�f�f� �D�P�D�C�H� �s�i�g�n�a�l� �i�s� �0�.�0�1�%� �i�f� �S�t�h� �i�s� �s�e�t� �t�o� �2�.�0� �d�B� �f�o�r� �n�=�1�5�,� �1�.�0� �d�B� �f�o�r� �n�=�3�0� �a�n�d� �0�.�5� �d�B� �f�o�r� �n�=�4�5�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �0�.�0�1�%� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �s�m�a�l�l� �e�n�o�u�g�h� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�i�t�e� �s�e�l�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �1�.�3�%� �(�i�n� �c�a�s�e� �o�f� �8�b�i�t� �C�W�)� �e�n�c�o�u�n�t�e�r�e�d� �a�t� �B�S� �d�u�e� �t�o� �F�B�I� �r�e�c�e�p�t�i�o�n� �e�r�r�o�r�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�i�e�s� �o�f� �s�w�i�t�c�h�e�d�-�o�n� �D�P�D�C�H� �s�i�g�n�a�l� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�.�B�-�2� �a�s�s�u�m�i�n�g� �S�t�h�=�2�.�0� �d�B� �f�o�r� �n�=�1�5�,� �S�t�h�=�1�.�0� �d�B� �f�o�r� �n�=�3�0� �a�n�d� �S�t�h�=�0�.�5� �d�B� �f�o�r� �n�=�4�5�,� �e�a�c�h� �o�f� �w�h�i�c�h� �k�e�e�p�s� �t�h�e� �s�w�i�t�c�h�e�d�-�o�f�f� �D�P�D�C�H� �s�i�g�n�a�l� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �o�f� �0�.�0�1�%�.�
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�F�i�g�.�B�-�2� � � �D�e�t�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�i�e�s� �f�o�r� �s�w�i�t�c�h�e�d�-�o�n� �D�P�D�C�H� �s�i�g�n�a�l�
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�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �r�e�f�e�r�e�n�c�e� �[�1�]�,� �t�h�e� �r�e�q�u�i�r�e�d� �d�o�w�n�l�i�n�k� �E�b�/�N�o� �f�o�r� �v�o�i�c�e� �i�s� �6�.�7�~�8�.�9� �d�B� �(�d�e�p�e�n�d�i�n�g� �o�n� �d�e�p�l�o�y�m�e�n�t� �m�o�d�e�l�)�.� �F�r�o�m� �F�i�g�.�B�-�2�,� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�w�i�t�c�h�e�d�-�o�n� �D�P�D�C�H� �s�i�g�n�a�l� �i�s� �l�e�s�s� �t�h�a�n� �0�.�0�1�%� �i�n� �t�h�e� �E�b�/�N�o� �r�e�g�i�o�n� �o�f� �g�r�e�a�t�e�r� �t�h�a�n� �6�.�0�d�B� �r�e�g�a�r�d�l�e�s�s� �o�f� �n� �a�n�d� �S�t�h� �s�e�t�t�i�n�g�.� �I�n� �a�d�d�i�t�i�o�n�,� �a�s� �l�o�w� �E�b�/�N�0� �s�i�g�n�a�l� �w�o�u�l�d� �l�e�s�s� �c�o�n�t�r�i�b�u�t�e� �t�o� �a�d�d� �e�n�e�r�g�y� �i�n� �m�a�x�i�m�u�m� �r�a�t�i�o� �c�o�m�b�i�n�i�n�g�,� �t�h�e� �d�e�t�e�c�t�i�o�n� �e�r�r�o�r� �f�o�r� �s�u�c�h� �a� �s�i�g�n�a�l� �w�o�u�l�d� �n�o�t� �s�o� �m�u�c�h� �i�m�p�a�c�t� �o�n� �t�h�e� �r�e�c�e�p�t�i�o�n� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �U�E�.�




�	�A�s� �a� �c�o�n�c�l�u�s�i�o�n�,� �c�o�l�l�e�c�t�i�n�g� �1�5� �s�y�m�b�o�l�s� �i�s� �e�n�o�u�g�h� �t�o� �d�e�t�e�c�t� �D�P�D�C�H� �s�i�g�n�a�l� �i�n� �c�a�s�e� �o�f� �t�h�e� �c�h�a�n�n�e�l� �b�i�t� �r�a�t�e� �o�f� �6�4�k�b�p�s�.� �T�h�i�s� �s�y�m�b�o�l� �c�o�l�l�e�c�t�i�o�n� �s�i�z�e� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �1� �s�l�o�t� �t�i�m�e� �m�e�a�s�u�r�e�m�e�n�t�.� �
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�R�e�f�e�r�e�n�c�e�




�[�1�]� �“�J�a�p�a�n�’�s� �p�r�o�p�o�s�a�l�s� �f�o�r� �c�a�n�d�i�d�a�t�e� �r�a�d�i�o� �t�r�a�n�s�m�i�s�s�i�o�n� �t�e�c�h�n�o�l�o�g�y� �o�n� �I�M�T�-�2�0�0�0�:� �W�-�C�D�M�A�,�”� �A�R�I�B�,� �S�e�p�t�.� �1�9�9�8�.�
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