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1 Introduction
Link simulations for Scalable UMTS based on enhanced filtering are included in [1], [2].  This paper proposes text proposals to be included in the technical report on SUMTS [3].
[---------------------------------------------------------------------Begin Text -----------------------------------------------------------]
6.8    Scalable bandwidth UMTS by enhanced filtering (EF S-UMTS)
6.8.2.1   Link simulation results
6.8.2.1.1   HSDPA link analysis 

6.8.2.1.1.1 Standalone EF S-UMTS carrier (2.5 and 1.25 MHz)

A filtering-based solution is proposed to low bandwidth deployments as an alternative to time-dilation UMTS. In this document, link analysis is presented for this solution (referred to as plain filtering) and an enhancement (referred to as the Enhanced Filtering (EF) solution) for DL HSDPA transmission. The comparison is made with time-dilation UMTS and UMTS, in terms of spectral efficiency as a function of geometry and the wireless channel model.
Table 6.8.2.1.1.1.1: Configurations evaluated in this document
	Index
	Description
	Bandwidth

	UMTS
	regular UMTS
	5 MHz

	Filtering, plain
	basic filtering 
	2.5, 1.25 MHz

	Enhanced Filtering 
(same overhead)
	enhanced filtering with alternate chip zero out proposal, % control channel overhead power is same as UMTS
	2.5, 1.25 MHz

	Enhanced Filtering 

 (inc overhead)
	enhanced filtering proposal, % control channel overhead power is scaled by N compared to UMTS
	2.5, 1.25 MHz

(N=2,4)

	Time Dilation UMTS
	provided for reference
	2.5, 1.25 MHz


The spectral efficiency comparison between the different schemes in Table 6.8.2.1.1.1.1 is given in Fig. 6.8.2.1.1.1.1-2. Observations show that the plain filtering solution has a severe loss in spectral efficiency compared to UMTS or the priory proposed time dilation UMTS. The newly proposed enhanced filtering enhancement over filtering improves the spectral efficiency close to the level of UMTS for N=2 and N=4. 
When the same % of control overhead is maintained as with UMTS, enhanced filtering solution still shows a small loss in spectral efficiency compared to UMTS. It should be noted that the code space available for enhanced filtering 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, enhanced filtering solutions can only allocate 7/16 and 3/16 codes for N=2 and N=4; when normalized with the bandwidth scaling factor, this comes out to be 87% and 75% code usage for HS data. Further, increased loss in spectral efficiency is observed when the % overhead for the control channels is scaled up by the bandwidth reduction factor. The power is scaled up because the effective spreading factor for enhanced filtering solutions is reduced and in order to maintain the same control channel performance as with UMTS. 
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Fig 6.8.2.1.1.1.1: Spectral efficiency (bps/Hz/cell) of HSDPA (2.5 MHz solutions versus UMTS (5.0MHz))
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Fig 6.8.2.1.1.1.2: Spectral efficiency (bps/Hz/cell) of HSDPA (1.25 MHz solutions versus UMTS (5.0MHz))

Enhancements to the plain filtering solution to narrow bandwidth UMTS deployment in the form of enhanced filtering resulted in significant improvement in spectral efficiency to levels comparable to UMTS. Some loss is observed compared to UMTS due to two factors - reduction in the % code space availability for HS data and the increase in % power overhead for control channels. In all, the enhanced filtering systems provide a much better alternative than the basic filtering solution for narrow bandwidth deployment of UMTS.

6.8.2.1.1.2 
Multi-carrier UMTS+EF S-UMTS configurations 

The throughput improvement of multi-carrier combination of UMTS with an enhanced-filtered 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 of narrowband carrier is sent over the primary UMTS carrier and is referred to as cross carrier scheduling. The synchronization channel in the narrowband carrier is retained in all multi-carrier configurations. 
Table 6.8.2.1.1.2: Configurations evaluated in this document
	Index
	Configuration
	Options
	Bandwidth
	Frequency offset between carriers

	U+S4
	UMTS + EF S-UMTS (N=4)


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

2) Only SCH on S-UMTS carrier
	6.00 MHz
	2.88 MHz

	U+S4
	UMTS + EF S-UMTS (N=4)


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

2) Only SCH on S-UMTS carrier
	6.25 MHz
	3.125 MHz

	U+S2
	UMTS + EF S-UMTS (N=2)


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

2) Only SCH on S-UMTS carrier
	6.00 MHz
	2.25 MHz

	U+S2
	UMTS + EF S-UMTS (N=2)


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

2) Only SCH on S-UMTS carrier
	7.50 MHz
	2.75 MHz

	U
	UMTS 
	
	5.00 MHz
	single carrier


The performance of multi-carrier configurations in 6 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).  The multi-carrier configurations (un-squeezed) that occupy 6.25 or 7.5 MHz is also included. 
Fig. 6.8.2.1.1.2.1-2 suggest that throughput gains are obtained for all multi-carrier configurations (using 6 MHz) over the baseline UMTS with gains around 20% and gains increasing with geometry for U+S4: UMTS+S-UMTS (N=4). On the other hand, the configuration U+S2: UMTS+S-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. 6.8.2.1.1.2.3 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). 
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. 6.8.2.1.1.2.4-5 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+S-UMTS (N=4) while the other configuration U+S2: UMTS+S-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. 6.8.2.1.1.2.6 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 6.8.2.1.1.2.1: HSDPA throughputs for multi-carrier combinations (option 1: HS-SCCH present on S-UMTS carrier)
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Figure 6.8.2.1.1.2.2: Percentage gain in HSDPA throughput (over UMTS) for multi-carrier combinations (option 1: HS-SCCH present on S-UMTS carrier)
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Figure 6.8.2.1.1.2.3: Impact on legacy user's HSDPA throughput (compared to UMTS) for multi-carrier combinations (option 1: HS-SCCH present on S-UMTS carrier)
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Figure 6.8.2.1.1.2.4: HSDPA throughputs for multi-carrier combinations (option 2: HS-SCCH absent on S-UMTS carrier; cross-carrier scheduling)
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Figure 6.8.2.1.1.2.5: Percentage gain in HSDPA throughput (over UMTS) for multi-carrier combinations (option 2: HS-SCCH absent on S-UMTS carrier; cross-carrier scheduling)
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Figure 6.8.2.1.1.2.6: Impact on legacy user's HSDPA throughput (compared to UMTS) for multi-carrier combinations (option 2: HS-SCCH absent on S-UMTS carrier; cross-carrier scheduling)
Enhancements to the plain filtering solution to narrow bandwidth UMTS deployment in the form of enhanced filtering is used in a multi-carrier deployment with UMTS. Two options are considered for HS-SCCH on the narrowband carrier- dedicated HS-SCCH for both carriers and common HS-SCCH on the UMTS carrier alone to limit the overhead (cross carrier scheduling). 
Note that the overhead (power) is scaled with N (bandwidth reduction factor) to ensure a similar performance as UMTS. Overall, gains up to 25% are obtainable with minimal (<2%) impact to legacy user experience when UMTS+S-UMTS(N=4) is deployed on 6 MHz bandwidth. On the other hand, configuration UMTS+S-UMTS(N=2) can achieve even higher gains (up to 50%) at lower geometries (with minimal legacy user impact) but gains decrease to 3% with a huge legacy user impact (>20%) at higher geometries. 
6.8.2.1.2   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 6.8.2.1.2.1. Fixed position rate matching is used in the downlink. The downlink DPCH slot formats are shown in Table 6.8.2.1.2.2. 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 6.8.2.1.2.2.  

Table 6.8.2.1.2.1: 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 6.8.2.1.2.2: Amplitude scale factors for uplink physical channels

	
	βd
	βc

	UMTS

and

Filtered UMTS
	15
	12


The uplink performance is shown in Table 6.8.2.1.2.3. It can be seen that the loss of filtered UMTS and enhanced filtered 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 = (S-UMTS EcNo – 3dB) – UMTS EcNo

Table 6.8.2.1.2.3: 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 enhanced 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 = (S-UMTS DPCH EcIor – 3dB) – UMTS DPCH EcIor

Table 6.8.2.1.2.4: 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


In the uplink, the two schemes have comparable performance since the uplink voice operated at low SNR region. However, the downlink performance of filtered UMTS is much worse than the Enhanced filtered UMTS. The ICI introduced seriously limited the downlink performance. The voice packets require more transmitter power to overcome the self interference. Therefore, it can be shown that enhanced filtered UMTS has higher system capacity.   

6.8.2.2   Uplink link level results

For 2.5MHz filtered UMTS with zero-out operation, main simulation parameters are listed below.  

· PL non-max: 0.44  

· PL max: 0.33

· Max SF and Number of E-DPDCHs: 2 x SF4
· Max TBS: 2798
· 10% target BLER after 1 HARQ

Table 6.8.2.2.1 shows the throughput for UMTS, 2.5MHz filtered UMTS with EF and 2.5MHz filtered UMTS for PA3, VA3, VA30 and VA120. Table 6.8.2.2.2-3 provides the spectral efficiency for 2.5MHz filtered UMTS and 2.5MHz filtered UMTS with EF. In these simulations E-DPDCH, E-DPCCH, HS-DPCCH, and DPCCH are used in the transmission. For the C2P set of E-DPCCH, the minimum Ecp/No value across all channel and RoT targets in UMTS was found. Then C2P was chosen such that E-DPCCH Ec/No was -19dB for the minimum Ecp/No value and this C2P was used for all simulations in UMTS and S-UMTS. For the HS-DPCCH power set, the ACK C2P in HS-DPCCH was set as same C2P of E-DPCCH and CQI C2P was set as 2dB lower than same C2P value. It is observed that 2.5MHz filtered UMTS with zero-out are comparable to UMTS in terms of spectral efficiency from the Table 6.8.2.2.4. On the other hand, 2.5MHz filtered UMTS has about 30-38% spectral efficiency loss because of ISI in Table 6.8.2.2.5.
Table 6.8.2.2.1: Throughput at Rx Ec/No:0dB(PA3), 2dB(VA3, VA30,VA120)

	Channel
	 Rx Ec/No:0dB (PA3), 2dB(VA3, VA30,VA120)

	
	Throughput(kbps) @10% BLER after 1 HARQ

	
	UMTS
	2.5MHz filtered UMTS
	2.5MHz filtered UMTS 

	
	
	 with zero-out 
	

	
	Carrier Frequency(MHz)
	Carrier Frequency(MHz)
	Carrier Frequency(MHz)

	
	900
	2000
	900
	2000
	900
	2000

	PA3
	2415.60
	2397.60
	1132.90
	1129.00
	791.20
	782.80

	VA 3
	2467.20
	2443.60
	1274.50
	1258.00
	870.00
	859.40

	VA 30
	2358.80
	2083.40
	1150.40
	943.90
	830.10
	701.50

	VA 120
	1695.10
	1694.30
	733.30
	729.30
	532.30
	522.90


Table 6.8.2.2.2: Spectral Efficiency in case of 2.5MHz filtered UMTS with zero-out,                                  Rx Ec/No:0dB(PA3), 2dB(VA3, VA30,VA120)

	Channel
	 Spectral Efficiency ( Rx Ec/No:0dB (PA3), 2dB(VA3, VA30,VA120))

	
	UMTS
	2.5MHz filtered UMTS
	Gain (%)

	
	
	 with zero-out 
	

	
	Carrier Frequency (MHz)
	Carrier Frequency (MHz)
	Carrier Frequency (MHz)

	
	900
	2000
	900
	2000
	900
	2000

	PA3
	0.48
	0.48
	0.45
	0.45
	-6.20
	-5.82

	VA 3
	0.49
	0.49
	0.51
	0.50
	3.32
	2.96

	VA 30
	0.47
	0.42
	0.46
	0.38
	-2.46
	-9.39

	VA 120
	0.34
	0.34
	0.29
	0.29
	-13.48
	-13.91


Table 6.8.2.2.3: Spectral Efficiency in case of 2.5MHz filtered UMTS at Rx Ec/No:0dB(PA3), 2dB(VA3, VA30,VA120)

	Channel
	 Spectral Efficiency ( Rx Ec/No:0dB (PA3), 2dB(VA3, VA30,VA120))

	
	UMTS
	2.5MHz filtered UMTS
	Gain (%)

	
	Carrier Frequency (MHz)
	Carrier Frequency (MHz)
	Carrier Frequency (MHz)

	
	900
	2000
	900
	2000
	900
	2000

	PA3
	0.48
	0.48
	0.32
	0.31
	-34.49
	-34.70

	VA 3
	0.49
	0.49
	0.35
	0.34
	-29.47
	-29.66

	VA 30
	0.47
	0.42
	0.33
	0.28
	-29.62
	-32.66

	VA 120
	0.34
	0.34
	0.21
	0.21
	-37.20
	-38.28


It is observed that 2.5MHz filtered UMTS with zero-out has comparable spectral efficiency by eliminating the ISI induced by the filtering solution. 

[--------------------------------------------Text Ends -------------------------------------------------------------------------------]
3
Conclusions

It is proposed that the above text be included in the technical report for study item on scalable bandwidth UMTS [3].
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