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1	Introduction
A plain filtering scheme is to replace the current 5MHz RRC filters at both transmitter and receiver with 5/N MHz RRC filters (dilated RRC filters), where N = 2, 4 was proposed at the last RAN1 meeting [5]. Since the performance of the plain filtering might suffer from a higher ISI due to such dilated RRC filters, enhanced filtering schemes could be designed to mitigate ISI impacts. One possible enhanced filtering scheme is to zero out every (N-1) consecutive chips out of N chips before the dilated RRC filter at the transmitter. At the receiver, the received signal after the RRC filter is zeroed out using some zero masking. In this document, we frequently refer to the plain filtering as S-UMTS without zero chip and the enhanced filtering as S-UMTS with zero chip.
Since dilated RRC filters and zeroing-out operation are introduced, it is important to analyse their impacts on the cell search (searcher) performance. In this contribution, we will first analyse the impacts of zeroing out on synchronization codes as well as primary scrambling codes (PSC). Then, their impacts on searcher performance will be analysed.
2	Synchronization Codes and Primary Scrambling Codes 
In this section, we analyse the correlation properties of synchronization codes and the primary scrambling codes under the zero-out operation. 
2.1 Synchronization codes
The auto-correlation of the primary synchronization code sequence is summarized in Figure 1. It is shown that with zero-out, the auto-correlation peak is 3dB (N=2) and 6dB (N=4) lower than the auto-correlation peak in UMTS. Table 1 further provides the ratios between the strength of first three strongest side lopes (at one-side of the auto-correlation) and the peak strength. As N increases, there are more strong side lobes. In particular, S-UMTS N = 2 with zero chip has two strong side lopes within 3dB of the peak while S-UMTS N = 4 with zero chip has four strong side lopes within 3dB of the peak.   
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[bookmark: _Ref378335841][bookmark: _Ref378335827]Figure 1: The auto-correlation of the primary synchronization code

Table 1: The ratio between the peak and three strongest side lobes of the autocorrelation
	System
	The strongest side lobe
	The second strongest side lobe
	The third strongest side lobe

	UMTS
	-6.0 dB
	-6.0 dB
	-7.0 dB

	S-UMTS N = 2 with chip zero
	-3.3 dB
	-7.3 dB
	-7.3 dB

	S-UMTS N = 4 with chip zero
	-1.3 dB
	-3.3 dB
	-6.9 dB



It can also be showed the auto correlation properties of any secondary synchronization code are similar to the auto correlation properties of the primary synchronization code, which are studied earlier. The cross correlation of a pair of secondary synchronization codes is demonstrated in Figure 2. Here, we have also plotted the maximum and minimum values of the cross-correlation of any secondary synchronization code pair. It is observed that the cross-correlation properties of UMTS are still maintained with S-UMTS with zero chip.    
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(a) Cross-correlation of a pair of secondary synchronization codes
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(b) Max of the cross-correlation for code pairs
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(c) Min of the cross-correlations for all code pairs
[bookmark: _Ref378336060]Figure 2: The cross-correlation of the secondary synchronization code
[bookmark: OLE_LINK222][bookmark: OLE_LINK79]2.2 Primary scrambling codes
To understand the correlation properties of the primary scrambling codes (PSCs) under zero-out operations, we applied the zero mask to all PSCs and computed the correlation of zero-out masked PSCs. Figure 3 and Figure 4 demonstrates the auto-correlation and cross-correlation of such PSCs, respectively. It is observed that the S-UMTS with zero chip reduces the peak of the auto-correlation N times. However, the S-UMTS with zero chip has lower maximum and mean values of cross-correlation. 
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(a) The mean of auto-correlation of PSC10
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(b) The mean of auto-correlation of PSCs at non-zero lags
[bookmark: _Ref378336802]Figure 3: Auto-correlation of PSCs
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(a) The mean of cross-correlation for all PSC pairs
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(b) The max of cross-correlation for all PSC pairs
[bookmark: _Ref378336811]Figure 4: Cross-correlation of PSCs
From the analysis on the correlation properties of synchronization codes and PSCs under zero-out operations, we observed that the peak of the auto-correlation is reduced N times while the noise floor in auto-correlation at non-zero lags and in cross-correlation is equal or less than the noise floor of the correlations in the UMTS system. However, such peak reduction does not affect the cell detection performance since the peak is still highly separable from the noise floor. The searcher performance in the next section would further verify this. 

3 Searcher Performance
In this section, we evaluate the search performance of S-UMTS filtering schemes with and without chip zero. The implementation of these schemes is described in Figure 5 and Figure 6.  
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[bookmark: _Ref378337182]Figure 5: S-UMTS without chip zero



[bookmark: _Ref378337190]Figure 6: S-UMTS with chip zero

A three-stage searcher implementation was previously summarized in [3]. Note that the sampling rate after the RRC filter at the receiver is half of the UMTS chip. The simulation assumptions used to evaluate the performance of the searcher in both schemes are summarized in Table 2.
Table 2: Simulation assumptions
	Simulation Parameters
	Value

	Carrier frequency
	900MHz

	Cell Layout
	Single cell

	UE Antenna
	Single receive antenna

	P-CPICH_Ec/Ior
	-10 dB

	P-SCH_Ec/Ior
	-15 dB

	S-SCH_Ec/Ior
	-15 dB

	Accumulation length
	3 frames (Step1), 2 frames (Step2), 1 frame (Step3)

	Frequency offset
	0Hz

	False alarm rates
	Stage 1: 1%
Stage 3: 0.1%

	Zero masking
	S-UMTS N = 2: 1100
S-UMTS N = 2: 11000000

	Propagation conditions
	AWGN, PA3, PB3, VA30, VA120


 
The searcher performance is evaluated in terms of a cell detection probability which is defined as the probability that all of following conditions satisfy:
· Stage 1 is passed, i.e., the slot timing is detected
· and Stage 2 is passed, i.e., the frame timing and code group are identified
· and the correct PSC is detected in Stage 3
In other words, the cell detection performance is a joint detection probability of all three stages.
Figure 7 and Figure 8 provide the simulation results of the searcher performance of both schemes for N = 2 and 4 respectively. Also, their performance is compared to the performance of UMTS searcher. When N=2, S-UMTS with zero chip has around 1dB better performance than the S-UMTS without zero chip. However, it has about 3dB performance loss compared to the UMTS searcher. When N=4, S-UMTS with zero chip has around 6dB to 10dB performance loss compared to the UMTS searcher. The loss of S-UMTS with zero chip is mostly due to the reduction in processing gain.
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(a) Cell detection performance in AWGN
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(b) Cell detection performance in PA3
[image: ]
(c) Cell detection performance in PB3
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(d) Cell detection performance in VA30
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(e) Cell detection performance in VA120
[bookmark: _Ref378337359]Figure 7: Cell detection performance vs. geometry, N = 2
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(a) Cell detection performance in AWGN
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(b) Cell detection performance in PA3
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(c) Cell detection performance in PB3
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(d) Cell detection performance in VA30
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(e) Cell detection performance in VA120
[bookmark: _Ref378337365]Figure 8: Cell detection performance vs. geometry, N = 4

4 Conclusions
It was observed that the peak of the auto-correlation of synchronization codes and primary scrambling codes in S-UMTS with zero out is N times lower than the auto-correlation in UMTS. However, such peak reduction does not affect the searcher performance and can be recovered by boosting synchronization channel transmit power. In addition, the cross-correlation properties of synchronization codes and primary scrambling codes are still maintained in the S-UMTS with chip zero out. For searcher performance, the zero-out operation incurred around 3dB (N=2) and 6dB to 10dB (N=4) Ec/Ior increase compared to performance of the UMTS searcher. The loss could be recovered by boosting the transmit power of the synchronization channel accordingly.   
5	References
R1-140714, “Downlink Link Evaluation Results for Filtering in Standalone Scalable UMTS,” Qualcomm, RAN1#76
R1-140715, “Link Evaluation Results for AMR 12.2kbps for Standalone Scalable UMTS with Filtering,” Qualcomm, RAN1#76
R1-134138, “S-UMTS searcher performance,” Qualcomm, RAN4#68
3GPP TS 25.213, “Spreading and modulation (FDD)”
[bookmark: _GoBack]R1-133736, “Scalable bandwidth UMTS by filtering, initial simulation results, NSN


image1.emf
-50 0 50

0

0.5

1

lag

correlation

UMTS

-50 0 50

0

0.5

1

lag

correlation

S-UMTS N = 2 with zero chip

-50 0 50

0

0.5

1

lag

correlation

S-UMTS N = 4 with zero chip


image2.emf
-200 -100 0 100 200

0

0.5

1

lag

correlation

UMTS

-200 -100 0 100 200

0

0.5

1

lag

correlation

S-UMTS N = 2 with zero chip

-200 -100 0 100 200

0

0.5

1

lag

correlation

S-UMTS N = 4 with zero chip


image3.emf
0 20 40 60 80 100 120

-12

-10

-8

-6

-4

-2

0

code pair

Max of the cross-correlation (dB)

 

 

UMTS

S-UMTS N=2 with zero chip

S-UMTS N=4 with zero chip


image4.emf
0 20 40 60 80 100 120

-195

-190

-185

-180

-175

-170

-165

code pair

Min of the cross-correlation (dB)

 

 

UMTS

S-UMTS N=2 with zero chip

S-UMTS N=4 with zero chip


image5.emf
-100 -50 0 50 100

0

0.5

1

lag

Auto-correlation(dB)

UMTS

-100 -50 0 50 100

0

0.5

1

lag

Auto-correlation(dB)

S-UMTS N=2 with zero chip

-100 -50 0 50 100

0

0.5

1

lag

Auto-correlation(dB)

S-UMTS N=4 with zero chip


image6.emf
0 100 200 300 400 500

-30

-29.5

-29

-28.5

-28

-27.5

-27

-26.5

-26

PSC number

Mean of auto-correlation(dB)

Mean of auto-correlation at non-zero lags

 

 

UMTS

S-UMTS N=2 with zero chip

S-UMTS N=4 with zero chip


image7.emf
2 4 6 8 10 12

x 10

4

-28.5

-28

-27.5

-27

-26.5

-26

-25.5

-25

PSC pair index

Mean of cross-correlation(dB)

 

 

UMTS

S-UMTS N=2 with zero chip

S-UMTS N=4 with zero chip


image8.emf
2 4 6 8 10 12

x 10

4

-23

-22

-21

-20

-19

-18

-17

-16

PSC pair index

Max of cross-correlation(dB)

 

 

UMTS

S-UMTS N=2 with zero chip

S-UMTS N=4 with zero chip


image9.png
Channel

SCH




image10.emf
RX

5/N MHz 

RRC

PHYs

SCH

+

5/N MHz 

RRC

Searcher

TX

Zero-out every 

(N-1) 

consecutive  

chips out of N 

chips

Zero 

Masking

+

AWGN

Channel


oleObject1.bin
RX



image11.emf
-8 -6 -4 -2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry (dB)

Detection Probability

AWGN

 

 

UMTS
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S-UMTS: 2.5MHz RRC filter with chip zero
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S-UMTS: 2.5MHz RRC filter without chip zero

S-UMTS: 2.5MHz RRC filter with chip zero
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S-UMTS: 2.5MHz RRC filter without chip zero

S-UMTS: 2.5MHz RRC filter with chip zero
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S-UMTS: 2.5MHz RRC filter without chip zero

S-UMTS: 2.5MHz RRC filter with chip zero
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S-UMTS: 2.5MHz RRC filter without chip zero

S-UMTS: 2.5MHz RRC filter with chip zero


image16.emf
-8 -6 -4 -2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry (dB)

Detection Probability

AWGN

 

 

UMTS

S-UMTS: 1.25MHz RRC filter without chip zero

S-UMTS: 1.25MHz RRC filter with chip zero
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S-UMTS: 1.25MHz RRC filter without chip zero

S-UMTS: 1.25MHz RRC filter with chip zero
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S-UMTS: 1.25MHz RRC filter without chip zero

S-UMTS: 1.25MHz RRC filter with chip zero
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S-UMTS: 1.25MHz RRC filter without chip zero

S-UMTS: 1.25MHz RRC filter with chip zero
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S-UMTS: 1.25MHz RRC filter with chip zero


