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1 Introduction
This paper proposes text proposals to be included in the technical report on SUMTS [1].
[---------------------------------------------------------------------Begin Text -----------------------------------------------------------]
6.8    Scalable bandwidth UMTS with chip zeroing
6.8.1   Link simulation results
Link evaluation results for filtered UMTS with chip zeroing is considered in this section and some comparisons with filtered UMTS (FUMTS) studied in Section x are presented. 
6.8.1.1   HSDPA link analysis 

Results for downlink link evaluation for HSDPA is presented here. These results are indicated of the relative comparisons between CZ-UMTS and FUMTS, and with UMTS, with an 8% margin of uncertainty. These results are not meant to be compared with Time Dilated UMTS. The assumptions regarding overhead are listed for each set of results; however, more realistic evaluations that are not shown here would use assumptions in Section X.
6.8.1.1.1 Standalone CZ-UMTS carrier

Link analysis is presented for UMTS with filtering and filtering with chip zero out (referred to as the chip zeroing (CZ)) for DL HSDPA transmission are presented in this section. The configurations considered are listed in Table 6.8.1x.1 and control power assumptions are listed in Table 6.8.x.2
Table 6.8.1x.1: Configurations evaluated for scalable UMTS with filtering
	Index
	Description
	Bandwidth

	UMTS
	regular UMTS
	5 MHz

	filtering, plain
	basic filtering proposal [1]
	2.5

	filtering, chip-zero

(same overhead)
	chip zeroing proposal [2], % control channel overhead power is same as UMTS
	2.5

	filtering, chip-zero

(increased overhead)
	chip zeroing proposal [2], % control channel overhead power is scaled by N compared to UMTS
	2.5

(N=2)


Table 6.8.x.2: Relative power levels allocated to the control and data channels
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB (all)

	P-CCPCH_Ec/Ior
	-9 dB (chip zero filtering UMTS (2.5 MHz) with inc overhead)

-12 dB (others)

	SCH_Ec/Ior
	-9 dB (chip zero filtering UMTS (2.5 MHz) with inc overhead)

-12 dB (others)

	PICH_Ec/Ior
	-12 dB (chip zero filtering UMTS (2.5 MHz) with inc overhead)

-15 dB (others)

	HS-SCCH_Ec/Ior
	-9 dB (chip zero filtering UMTS (2.5 MHz) with inc overhead)

-12 dB (others)

	HS-PDSCH_Ec/Ior
	Remaining power so that total transmit power of Node B (Ior) (sum of relative powers allocated to all channels should add to one)


The spectral efficiency comparison between the different schemes in Table 6.8.x.1 is given in Fig. 6.8.x-2. 
It should be noted that the code space available for chip zeroing is lower compared to UMTS. In regular UMTS, 15 out of 16 codes can be allocated for HS data resulting in 94% code utilization. On the other hand, chip zeroing solutions can only allocate 7/16 codes for N=2; when normalized with the bandwidth scaling factor, this comes out to be 87% code usage for HS data. This loss in code space does not occur for the plain filtered solution, although inter-chip self interference due to filtering of the waveform prevents achieving high-SNR high-rate regimes where all codes need to be scheduledFurther, increased loss in spectral efficiency is observed when the % overhead for the control channels is scaled up by the bandwidth reduction factor. The reasoning behind this scaling up of power is attributed to the reduced effective spreading factor for chip zeroing solutions and the desire to maintain the same control channel performance as with UMTS. 
The results presented in this section will vary based on the power levels of the control channels. Hence they are only indicative of the relative comparison between chip zero filtering UMTS, filtering UMTS and UMTS.
Enhancement to the plain filtering solution to narrow-bandwidth UMTS deployment in the form of chip zeroing results in spectral efficiency to levels no more than 0.5bps/Hz/cell lower than UMTS. 
At geometries above 5dB, the plain filtering solution shows  losses up to 60% compared to UMTS. Chip-zeroed filtered UMTS improves spectral efficiency in this geometry range (more than 5dB) to levels comparable with UMTS (i.e. 10 to 20% lower depending on control channel overhead scaling).  This loss in plain filtering is a consequence of severe inter-chip interference in plain filtering resulting in saturating self interference at high geometries.  At geometries below 5dB, plain filtering slightly outperforms chip zeroing. This is due tothe increase in % power overhead for control channels for chip zeroing. 
  (a) PA3
















(b) VA3
[image: image1.png]35

n
w

N

15

Spectral efficiency (bps/Hz/cell)

0.5

—®—UMTS

—*— 2.5 MHz filtered UMTS (plain,same overhead)
% 2.5MHz filtered UMTS (chip zero, inc overhead)

0 5 10
Geometry (in dB)

15

20



[image: image2.png]Spectral efficiency (bps/Hz/cell)

2.5

—®—UMTS

—*— 2.5 MHz filtered UMTS (plain,same overhead)
% 2.5MHz filtered UMTS (chip zero, inc overhead)

0 5 10
Geometry (in dB)

15

20




(c) VA30















(d) VA120

 [image: image3.png]Spectral efficiency (bps/Hz/cell)

=3

o

S

N

o
=

o
o

o
~

0.2

[| —*— 2.5 MHz filtered UMTS (plain,same overhead)

—®—UMTS

% 2.5MHz filtered UMTS (chip zero, inc overhead)

0 5 10
Geometry (in dB)

15

20



   [image: image4.png]Spectral efficiency (bps/Hz/cell)

1.8

o

S

N

0.8

0.6

o
~

0.2

—®—UMTS

—*— 2.5 MHz filtered UMTS (plain,same overhead)
% 2.5MHz filtered UMTS (chip zero, inc overhead)

0 5 10
Geometry (in dB)

15

20




Figure 6.8.x-2: Spectral efficiency (bps/Hz/cell) of HSDPA (2.5 MHz solutions versus UMTS (5.0MHz))

6.8.1.1.1B
HSDPA link analysis with chip zeroing assuming N times overhead power ratio
The spectral efficiency comparison between normal UMTS (5MHz deployment) and the filtered UMTS with chip zeroing  (2.5 MHz) is given in Figure 6.8.2.1.1B-1, assuming for filtered UMTS N times power ratio is assigned to the common channels such as SCH, P-CCPCH,HS-SCCH and CPICH. 
As with the results above, these results are indicative with an 8% margin of uncertainty, and are not meant to be compared with time dilated UMTS.
From Figure 6.8.2.1.1B-1, it can be observed that filtered UMTS with chip zeroing has lower spectral efficiency than UMTS. This can be caused by that a larger portion of power is consumed by control channels and the less availability of channelization codes. For 5MHz normal UMTS 15 out of 16 codes are available, meanwhile for 2.5MHz filtered UMTS with chip zeroing only 7 out of 16 codes are available, which is 7/15 of normal UMTS less than 1/2. 
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Figure 6.8.2.1.1A-2: Spectral efficiency (bps/Hz/cell) of HSDPA 
(2.5 MHz filtered UMTS with chip zeroing versus 5MHz normal UMTS)
6.8.1.1.2 Multi-carrier UMTS+ CZ-UMTS configurations 

 The throughput improvement of multi-carrier combination of UMTS with a chip zeroing carrier of bandwidth 2.5 or 1.25 MHz compared to normal UMTS is analysed. The comparison is made with baseline UMTS in terms of the aggregate throughput and the impact on legacy users (who can only utilize the UMTS carrier in the multi-carrier combination) as a function of geometry and the wireless channel model. Two alternatives for multi-carrier configurations are considered. In the first option, narrowband carrier has HS-SCCH, and SCH as the only two control channels transmitted. All other control information for the multi-carrier UE is sent over the UMTS carrier. In the next option, even the scheduling information (HS-SCCH) of narrowband carrier is sent over the primary UMTS carrier. HS-SCCH on the primary carrier is similar to the one used for MIMO operation. The relative power offset is set such that the performance is 1% decoding error at the UE. The synchronization channel in the narrowband carrier is retained in all multi-carrier configurations. 
Table 6.8.1.x.2: Configurations evaluated in this document
	Index
	Configuration
	Options
	Bandwidth
	Frequency offset between carriers

	U+S4
	UMTS + CZ-UMTS (N=4)


	1) Only HS-SCCH and SCH on scalable UMTS carrier

2) Only SCH on scalable UMTS carrier
	6.00 MHz
	2.88 MHz

	U+S4
	UMTS + CZ-UMTS (N=4)


	1) Only HS-SCCH and SCH on scalable UMTS carrier

2) Only SCH on scalable UMTS carrier
	6.25 MHz
	3.125 MHz

	U+S2
	UMTS + CZ-UMTS (N=2)


	1) Only HS-SCCH and SCH on S-UMTS carrier

2) Only SCH on scalable UMTS carrier
	6.00 MHz
	2.25 MHz

	U+S2
	UMTS + CZ-UMTS (N=2)


	1) Only HS-SCCH and SCH on scalable UMTS carrier

2) Only SCH on scalable UMTS carrier
	7.50 MHz
	2.75 MHz

	U
	UMTS 
	
	5.00 MHz
	single carrier


The performance of multi-carrier configurations in 6, 6.25 and 7.5MHz MHz bandwidth is presented first when HS-SCCH is transmitted on both carriers, with the power for narrowband carriers scaled by N (to maintain same quality as UMTS in spite of the reduced spreading factor).   
Fig. 6.8.1.x.1-2 suggest that throughput gains are obtained for all multi-carrier configurations (using 6 MHz) over the baseline UMTS with gains around 20% and gains increase with geometry for U+S4: UMTS+Filtered-UMTS (N=4). On the other hand, the configuration U+S2: UMTS+Filtered-UMTS(N=2) achieves 44% to 4% gains with gains decreasing with geometry. Configuration U+S4 has lower gains at low geometries due to loss of available power for HS data (note that HS-SCCH uses ~20% power for N=4, compare with 5% for UMTS). This power loss is less important at high geometries. On the other hand, configuration U+S2 has lower gains at higher geometries because of the inter-carrier interference between the squeezed carriers in 6 MHz. 
Fig. 6.8.1.x.3 depicts the impact on legacy user due to inter-carrier interference between the two carriers. It is seen that configuration U+S2 results in greater than 20% peak loss in legacy user throughput (with loss increasing with geometry). 
Next, the performance of multi-carrier configurations in 6 MHz bandwidth is shown when HS-SCCH is transmitted on only on the UMTS carrier. This cross-carrier scheduling mode is expected to show increased aggregate throughputs due to increased available power for HS data in the narrow band carrier. Fig. 6.8.1.x.4-5 suggest that throughput gains are obtained for all multi-carrier configurations (using 6 MHz) over the baseline UMTS with gains up to 25% with gains increasing with geometry for U+S4: UMTS+Filtered-UMTS (N=4) while the other configuration U+S2: UMTS+Filtered-UMTS(N=2) achieves 50% to 3% gains with gains decreasing with geometry. Configuration U+S4 has improved gains compared to when there is an SCCH overhead is present in the narrowband carrier.   
Fig. 6.8.1.x.6 depicts the impact on legacy user and it is seen that configuration U+S2 results in greater than 20% peak loss in legacy user throughput (with loss increasing with geometry).
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Figure 6.8.1.x.1: HSDPA throughputs for multi-carrier combinations (option 1: HS-SCCH present on Filtered-UMTS carrier)
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Figure 6.8.1.x.2: Percentage gain in HSDPA throughput (over UMTS) for multi-carrier combinations (option 1: HS-SCCH present on Filtered-UMTS carrier)
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Figure 6.8.1.x.3: Impact on legacy user's HSDPA throughput (compared to UMTS) for multi-carrier combinations (option 1: HS-SCCH present on Filtered-UMTS carrier)
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Figure 6.8.1.x.4: HSDPA throughputs for multi-carrier combinations (option 2: HS-SCCH absent on Filtered-UMTS carrier; cross-carrier scheduling)
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Figure 6.8.1.x.5: Percentage gain in HSDPA throughput (over UMTS) for multi-carrier combinations (option 2: HS-SCCH absent on Filtered-UMTS carrier; cross-carrier scheduling)
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 Figure 6.8.1.x.6: Impact on legacy user's HSDPA throughput (compared to UMTS) for multi-carrier combinations (option 2: HS-SCCH absent on Filtered-UMTS carrier; cross-carrier scheduling)
6.8.1.1.3   DCH analysis 

The link level simulation assumptions for the DCH channel for time-dilated scalable UMTS is assumed. In particular,  the performance of AMR full rate voice without DCCH in both downlink and uplink is studied. 

The transport channel parameters are listed in Table 6.8.1.x.1. Fixed position rate matching is used in the downlink. The downlink DPCH slot formats are shown in Table 6.8.1.x.2. The DPCH slot format 8 is used for the AMR12.2k voice traffic. 

In the uplink, the spreading factor of DPDCH for the FULL rate voice packet is 64. For equal comparison, the same set of rate matching attributes for all schemes is used. The amplitude scale factors for uplink physical channels are given in 6.8.1.x.2.  

Table 6.8.1.x.1: Transport channel parameters for AMR 12.2kbps voice in standalone S-UMTS 
	Parameter
	Value

	Number of Transport Channels
	4: 

TrCH{a,b,c} for AMR class {A,B,C}bits

TrCH{d} for DCCH

	TTI
	[20ms, 20ms, 20ms, 40ms]

	Number of Transport Blocks and

Transport Block Sizes
	TrCH#a: 1*81

TrCH#b: 1*103

TrCH#c: 1*60

TrCH#d: 0*0

	CRC
	12bit for TrCH#a

	Channel Coding
	CC

Coding rate: 1/3 for TrCH#a,b; 1/2 for TrCH#c

	Transport Channel Position
	Fixed Position

	Rate Matching Attributes
	[180 175 234 180]


Table 6.8.1.x.2: Amplitude scale factors for uplink physical channels

	
	βd
	βc

	UMTS

and

Filtered UMTS
	15
	12


The uplink performance is shown in Table 6.8.1.x.3. It can be seen that the loss of filtered UMTS and filtering with chip zeroing UMTS are both around 3dB. The filtered UMTS sends chips with the original chip rate to a filter with half bandwidth. The self-interference caused by the ICI reduces the spreading gain by nearly half. So it requires 3dB higher EcNo to compensate the loss. The similar loss of spreading gain also happens to the enhanced filtered UMTS since the adjacent chips is zeroed out. So these two schemes have more or less the similar performance on the uplink. 
EcNo loss = (filtered UMTS EcNo – 3dB) – UMTS EcNo

It is not yet possible to identify which filtering scheme is preferred for DCH from these results, since the results and any conclusions that might be drawn from them have sensitivities to different assumptions.
Table 6.8.1.x.3: Uplink performance of AMR 12.2kbps voice

	
	
	UMTS
	
	Filtered UMTS
	Enhanced filtered UMTS

	Carrier Frequency (MHz)
	Channel
	Rx EcNo (dB)
	Tx EcNo (dB)
	Rx EcNo Loss (dB)
	Rx EcNo Loss (dB)
	Rx EcNo Loss (dB)
	Tx EcNo Loss (dB)

	900
	PA3
	-18.12
	-19
	-0.1
	0
	-0.1
	0

	900
	VA3
	-17.388
	-19.6
	0
	0.4
	0.2
	0.3

	900
	VA30
	-17.298
	-19.5
	0.3
	0.3
	0.4
	0.4

	900
	VA120
	-17.017
	-19.7
	0.1
	-0.1
	0
	-0.1

	2000
	PA3
	-18.323
	-19.2
	0.3
	0.9
	0.2
	0.2

	2000
	VA3
	-17.354
	-19.3
	0.3
	0.8
	0.2
	0.3

	2000
	VA30
	-17.018
	-19.5
	0.1
	0.1
	0
	-0.1

	2000
	VA120
	-16.543
	-19.3
	-0.1
	-0.3
	0
	-0.1


The downlink performance is shown in 6.8.2.1.2.4. As the Geometry increases, the filtered UMTS experiences higher self interference caused by the ICI. Thus, it requires higher EcIor to combat the ICI. The chip zeroing filtered UMTS doesn’t suffer from ICI due to the transmit filter. But it requires additional EcIor to compensate for the loss of spreading gain. In general, it has better performance than filtered UMTS in high Geometry region. The DPCH EcIor loss is defined as

DPCH EcIor loss = (filtered UMTS DPCH EcIor – 3dB) – UMTS DPCH EcIor

 Table 6.8.1.x.4: Downlink performance of AMR 12.2kbps voice
	
	
	
	UMTS
	Filtered UMTS
	Enhanced filtered UMTS

	Carrier Freq
	Channel
	Geometry
	DPCH EcIor
	EcIor Loss
	EcIor Loss

	900
	PA3
	0
	-12.9
	
	

	900
	PA3
	5
	-17.1
	-0.2
	-0.6

	900
	PA3
	10
	-20.5
	1.1
	-1.0

	900
	VA3
	0
	-14.9
	0
	0.3

	900
	VA3
	5
	-18.1
	1.3
	0.1

	900
	VA3
	10
	-19.8
	1.5
	-0.4

	900
	VA30
	0
	-15.5
	1.1
	0.9

	900
	VA30
	5
	-18.5
	1.5
	1.0

	900
	VA30
	10
	-20.5
	2.2
	0.7

	900
	VA120
	0
	-14.7
	-0.5
	-0.9

	900
	VA120
	5
	-18
	0.8
	-0.6

	900
	VA120
	10
	-19.7
	1.3
	-1.2

	2000
	PA3
	0
	-12.3
	
	

	2000
	PA3
	5
	-17
	0.7
	-0.5

	2000
	PA3
	10
	-20.4
	0.9
	-1.7

	2000
	VA3
	0
	-15.7
	1
	-1.1

	2000
	VA3
	5
	-18.9
	2.1
	0.5

	2000
	VA3
	10
	-20.5
	2.3
	0.1

	2000
	VA30
	0
	-15.8
	1.1
	0.7

	2000
	VA30
	5
	-18.7
	1.4
	0.6

	2000
	VA30
	10
	-20.4
	2
	0.1

	2000
	VA120
	0
	-14.5
	2.4
	-1.2

	2000
	VA120
	5
	-17.8
	3.7
	-1.2

	2000
	VA120
	10
	-19.7
	4.5
	-1.8


Consider tthe performance of AMR 12.2kbps voice for filtered UMTS and chip zeroing UMTS with 2.5MHz bandwidth. In the uplink, the two schemes have comparable performance since the the uplink voice operated at low SNR region. The downlink performance of filtered UMTS is worse than the chip zeroing filtered UMTS at high geometry, but at low geometry the performance is more similar. The overall difference between pure filtering and chip zeroed filtering in terms of downlink system capacity is not clear; at high geometry there can be differences of up to 6dB, but little or no losses for low geometry UEs that need a significant amount of Ec/Ior.
6.8.2   Uplink link level results

It is not yet possible to identify which filtering scheme for the uplink would be preferable from the results obtained, since the results and any conclusions that might be drawn from them have sensitivities to different assumptions, and these sensitivities need to be evaluated for different assumptions that are identified to be relevant.
6.8.3 System Simulations – Bursty Traffic (Chip zeroed Filtered UMTS)
The general system simulation assumptions are given in Table X. Bursty UEs are modelled in the system with parameters that is presented in Table X. It should be noticed that for cross scheduling systems, HSCCH channel are transmitted on the primary carrier. Also, for multicarrier systems, it is assumed that on the first carrier N =1 and on the second carrier N = 2 or N =4. For comparison, single carrier simulations where performed with N = 1 and N = 2. N = 4 simulations are not shown. It should be noted that the results with filtering should not be directly compared to similar results for time dilated systems. The power overhead of different channels for different simulation scenarios are presented in Table YY 1. For multicarrier systems the first carrier uses the same overheads as UMTS system, except for the fact that for cross carrier scheduling, the HS-SCCH overhead is modelled as in MIMO systems.    
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Figure X: Average UE burst rate

In Figure X the average burst rate of the UEs is presented for different scenarios. To compare the performance of different UMTS systems, single carrier with N = 1 system is defined as the baseline system. It is noticeable that wherever a 5MHz UMTS carrier has unused capacity, it is always better not to utilise the low bandwidth carrier as long as there is excess capacity on the 5Mhz UMTS carrier, or use multicarrier.

These results assume 100% penetration of multicarrier scalable UMTS UEs; the performance with a lower penetration of such UEs was not studied.
It can be observed that with 100% UE penetration, each multicarrier system or cross scheduling multicarrier system has a burst rate vs. number of UEs/Cell graph which can approximately be derived by expanding both X and Y axis by the same factor. Based on the results, assume K UE/cell in the baseline system yield an average burst rate of R Mbps, then the average burst rate for multi carrier with N = 1 and N =2, is 1.5 R Mbps at 1.5 K UE/cell. For cross scheduling multi carrier with N = 1 and N =2, the average burst rate is 1.6 R Mbps at 1.6 K UE/cell. At the same number of UEs, the cross scheduling system yields a higher burst rate of about 7% more which is the result of lower overhead on the second carrier.      

Similar performance improvement is observed for cross scheduling multi carrier system with N = 1 and N = 4, vs. multi carrier system with N = 1, N = 4. The average burst rate of the multi carrier system with N = 1 and N = 4, is approximately 1.2 R Mbps at 1.2 UEs/ cell while the average burst rate of the cross scheduling system with N = 1 and N = 4 is 1.25 R Mbps at 1.25 UE/ cell which is about 4% improvement. In Table X, the average, 5% and 50% tail values of the average UE burst rate for different scenarios are presented, which exhibit similar trends as the average burst rate presented in Figure X. 

Table X: UE burst rate (Mbps) statistics
	# UE/Cell


	SC

N =1
	SC

N = 2
	MC

N = 1, N = 2
	MC

N = 1, N = 4
	Cross carrier scheduling
N = 1, N = 2
	Cross carrier scheduling
N = 1, N = 4

	
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%
	Avg.
	5%
	50%

	1
	
	
	
	2.79
	1.05
	2.48
	
	
	
	
	
	
	
	
	
	
	
	

	2
	7.05
	3.30
	6.45
	2.31
	0.75
	1.98
	
	
	
	8.34
	3.99
	7.64
	
	
	
	8.99
	4.34
	8.24

	3
	
	
	
	1.84
	0.41
	1.58
	10.41
	4.36
	9.52
	
	
	
	11.46
	5.42
	10.49
	
	
	

	4
	6.02
	2.25
	5.43
	1.56
	0.20
	1.20
	
	
	
	
	
	
	
	
	
	
	
	

	5
	
	
	
	1.24
	0.10
	0.95
	
	
	
	6.84
	2.50
	6.13
	
	
	
	7.45
	2.77
	6.71

	6
	5.18
	1.64
	4.53
	
	
	
	8.88
	3.30
	9.00
	
	
	
	9.92
	3.85
	8.96
	
	
	

	7
	
	
	
	
	
	
	
	
	
	5.99
	1.89
	5.23
	
	
	
	6.61
	2.16
	5.81

	8
	4.26
	1.13
	3.66
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	7.61
	2.39
	6.65
	
	
	
	8.61
	2.84
	7.59
	
	
	

	10
	3.49
	0.69
	2.95
	
	
	
	
	
	
	4.66
	1.15
	3.99
	
	
	
	5.25
	1.38
	4.51

	11
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	6.24
	1.63
	5.36
	3.89
	0.71
	3.28
	7.26
	2.04
	6.27
	4.48
	0.94
	3.80

	13
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	5.09
	0.97
	4.29
	
	
	
	6.04
	1.35
	5.14
	
	
	


The following plots present the CDF of the UEs burst rate for different number of UEs per sector. 

[image: image34.emf]0 2 4 6 8 10 12 14

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x = Burst Rate (Mbps)

y = F(x)

CDF of average UE burst rate for baseline and multi carrier systems

 

 

SC, N = 1, 6 UE/ cell

MC, N = 1, N = 4, 7 UE/ cell


Figure Y: CDF of Burst Rates at 6 UEs per cell
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Figure Z: CDF of Burst Rates at 8 UEs per cell

6.8.4 Impacts on cell search

This section reviews the impacts on the cell search in CZ-UMTS system. Note that, in CZ-UMTS, the chip sequence (before the dilated RRC filter) is zeroed out every (N-1) consecutive chips out of N chips at the transmitter. At the receiver, the received signal after the RRC filter is zeroed out using some zero masking. Figure x1 shows a block diagram of the filtered UMTS with chip zeroing.

[image: image36.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-out 

Masking

+

AWGN

Channel

 

Figure x1:  Chip zeroing filtered UMTS
6.8.4.1 Impacts on synchronization codes and primary scrambling codes

The synchronization codes and primary scrambling codes (PSCs) are zeroed out by applying some zero-out masking. For example, one can select zero-out masking with a pattern (in UMTS chip) as 1010 for N = 2 and 10001000 for N = 4. Under the zero-out masking, it can be showed that the cross-correlations of secondary synchronization codes and PSCs are equal or less than those in UMTS system. This means that the cross-correlation properties of secondary synchronization codes and PSCs are still maintained. In addition, the peak of the auto-correlation of synchronization codes and PSCs are reduced by a factor N. However, the reduced peak is still much higher than the noise floor (correlations at non-zero lags). As a result, it is expected that the zero-out operations do not affect the correlation properties of synchronization codes and PSCs, which is further verified in the cell search (searcher) performance. 

6.8.4.2 Synchronization codes
The auto-correlation of the primary synchronization code sequence is summarized in Figure y1. It is shown that with chip zero-out, the auto-correlation peak is 3dB (N=2) lower than the auto-correlation peak in UMTS. Table y1 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, filtered UMTS N = 2 with chip zeroing has two strong side lopes within 3dB of the peak while filtered UMTS N = 4 with zero chip has four strong side lopes within 3dB of the peak.   
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Figure y1: The auto-correlation of the primary synchronization code
Table y1: 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

	CZ-UMTS N = 2 
	-3.3 dB
	-7.3 dB
	-7.3 dB

	CZ-UMTS N = 4
	-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 x2. Here, the maximum and minimum values of the cross-correlation of any secondary synchronization code pair are plotted. It is observed that the cross-correlation properties of UMTS are still maintained with filtered 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

Figure x2: The cross-correlation of the secondary synchronization code
6.8.4.3 Primary scrambling codes
To understand the correlation properties of the primary scrambling codes (PSCs) under chip zero-out operations, the chip zeroing mask is applied to all PSCs and computed the correlation of zero-out masked PSCs. Figure x3 and Figure x4 demonstrates the auto-correlation and cross-correlation of such PSCs, respectively. It is observed that the CZ-UMTS reduces the peak of the auto-correlation N times. However, the CZ-UMTS has lower maximum and mean values of cross-correlation. 
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 (a) The auto-correlation of PSC10
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(b) The mean of auto-correlation of PSCs at non-zero lags
Figure x3: 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
Figure x4: Cross-correlation of PSCs
From the analysis on the correlation properties of synchronization codes and PSCs under zero-out operations, it is 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 (assuming appropriate power scaling) since the peak is still highly separable from the noise floor. The searcher performance in the next section would further verify this. 
Above design proposal 4 leads to a situation where if a UE in a 5 MHz cell starts with a 1.25 MHz SCH search a false positive my occur.

6.8.4.4 Searcher performance

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 y2. It should be noted that it is assumed that frequency synchronization is known a priori prior to receiving SCH.
Table y2: 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
	N = 2: 1100

	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 y7 provides the simulation results of the searcher performance of both schemes for N = 2. Also, their performance is compared to the performance of UMTS searcher. It is observed that the  CZ-UMTS has around 1dB better performance than the filtered UMTS without zero chip. However, it has about 3dB performance loss compared to the UMTS searcher. The loss of CZ-UMTS 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
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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

Figure y7: Cell detection performance vs. geometry, N = 2
6.8.4.5 Impacts on searcher implementation and performance

From the searcher implementation viewpoint, the UMTS searcher can be used in the CZ-UMTS system. The only change is to apply the zero-out masking on the synchronization codes and PSCs. Figure x1 demonstrates the searcher in CZ-UMTS. The searcher implementation can be referred to [3]. 

Note that the zero-out operation reduces the processing gain by factor N. As a result, the searcher performance of CZ-UMTS has around 3dB (N=2) loss compared to the UMTS searcher performance. This loss could be recovered by boosting the transmit power of synchronization channels accordingly.  
[--------------------------------------------Text Ends -------------------------------------------------------------------------------]
3
Conclusions

It is proposed that the above text be included in the technical report for study item on scalable bandwidth UMTS.
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