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1
Introduction

In TSG RAN #58 a new study item, “Study on scalable UMTS FDD bandwidth”, was approved [1]. In this contribution a text proposal is provided for the link and system evaluations for the time dilation solution of Scalable UMTS [2] to the Technical Report [3].
2
Text Proposal
[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
7
Solutions of Scalable UMTS

7.1


Time dilation solution for Scalable UMTS

7.1.2

Evaluation results

7.1.2.1

Standalone Scalable UMTS

Fig. 7.x.2.1.1 illustrates the spectral efficiencies obtained for the Scalable UMTS systems with scaling factors N=2 and N=4 with PSD of Scalable UMTS equal to that of UMTS. It can be seen that the relative spectral efficiency is greater than 0.9 as long as the geometry is above 10dB. For smaller geometries of -5 dB, a lower spectral efficiency of 0.75 for VA30 channel in N=4 and 0.8 for N=2 scenarios can be observed. In general, spectral efficiency is quite comparable to UMTS over the whole set of fading channels and geometries considered.
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 (b)  N=4
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Figure 7.x.2.1.1: Spectral efficiency comparison for different Scalable UMTS configurations in Band VIII; Scalable UMTS PSD = UMTS PSD and P-CCPCH codes = 1
In Fig. 7.x.2A.2, the number of codes allocated for the P-CCPCH channel is increased from 1 to N for a Scalable UMTS system with scaling factor N. This enables the Scalable UMTS user to decode P-CCPCH information with the same latency as the traditional full-bandwidth UMTS system. Equal power is allocated to all the N P-CCPCH codes (-12 dB Ec/Ior). It is to be noted that while spectral efficiency is lowered at lower geometry values of -5 dB to 0.55 for N=4, the values increase to 0.95 (and above) for N=2 and 0.85 (and above) for N=4. This is expected since at low geometry conditions, “received power” strongly determines throughput and the reduced power allocated to HS channels causes loss of spectral efficiency. On the other hand, this effect becomes smaller as geometry improves. It is important to note that the number of HS channels is fixed at 15, and allocation of extra P-CCPCH channels does not decrease codes available for HS.  
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 (b)  N=4
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Figure 7.x.2A.2: Spectral efficiency comparison for different Scalable UMTS configurations in Band VIII; Scalable UMTS PSD = UMTS PSD and P-CCPCH codes = N
In Fig. 7.x.2A.3, the PSD is increased for the Scalable UMTS system so that its total power matches to an UMTS system. For the same path loss (user placement), this improves the in-band Scalable UMTS received power and hence an increased spectral efficiency is expected compared to Fig. 7.x.2A.2. This is indeed the case with relative spectral efficiencies as high as 2.2 and 3.8 for N=2 and N=4 systems at a low geometry of -5 dB in Fig. 7.x.2A.3. However, as geometry improves this advantage decreases and the relative spectral efficiencies approach 1. 

(a)  N=2             









 (b)  N=4
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Figure 7.x.2A.3: Spectral efficiency comparison for different Scalable UMTS configurations in Band VIII; Scalable UMTS power = UMTS power and P-CCPCH codes = 1
In Fig. 7.x.2A.4, results are presented for standalone Scalable UMTS configurations with increased PSD, but with 4 code allocation for P-CCPCH. While this decreased the spectral efficiencies (as expected), they are still higher than UMTS at lower geometries. Again, at higher geometries, when dependence on power decreases, spectral efficiencies close to UMTS are obtained.
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 (b)  N=4
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Figure 7.x.2A.4: Spectral efficiency comparison for different Scalable UMTS configurations in Band VIII; Scalable UMTS power = UMTS power and P-CCPCH codes = N
Fig. 7.x.2A.5 summarizes the results for Scalable UMTS with scaling factor N=2 but in Band I. More Doppler is expected due to the increase in carrier frequency and hence, channel estimation and CQI feedback can suffer as N factor increases for the Scalable UMTS system, at least for the fast VA120 channel. For N= 2, this effect does not seem to be critical. Specifically, Fig. 7.x.2A.5 (a) suggests a relative spectral efficiency of 0.93 for the VA 120 channel at geometry of 20 dB which is only slightly lower than that obtained for the same configuration in Band VIII (~1). Possible UE enhancements (e.g. channel estimation) could be explored to close this gap.
(a)Scalable UMTS PSD=UMTS PSD, P-CCPCH codes=1          (b)  Scalable UMTS PSD=UMTS PSD, P-CCPCH                                                                            codes = N 
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(c) Scalable UMTS Power=UMTS Power, P-CCPCH codes=1          (d) Scalable UMTS Power=UMTS Power, P-CCPCH codes=N
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Figure 7.x.2A.5: Spectral efficiency comparison for different Scalable UMTS (N=2) configuration in Band I
7.x.2.2

Multi-carrier UMTS + Scalable UMTS in 6 MHz

This section presents the throughput results for different multi-carrier configurations of UMTS and Scalable UMTS.

In Fig. 7.x.2B.1, the HSDPA throughputs are depicted for different fading channels – PA3, PB3, VA30 and VA120. The throughputs of multi-carrier configurations (refer Section 6.2.1) along with the baseline UMTS are presented in Fig. 7.x.2B.1. 

The gain% over baseline UMTS is included in Fig. 7.x.2B.2. First, the nominal multi-carrier configurations I (using UMTS + Scalable UMTS (N=4)) achieves 22-32% gain over baseline UMTS for all geometries and fading channels considered. On the other hand, the nominal configuration II (using Scalable UMTS (N=2)) achieves 46-59% gain over baseline UMTS. In general, the %-gain weakly depends on geometry or the type of fading channel. However, note that these nominal configurations require bandwidth greater than 6 MHz. 

Next, the performance of bandlimited configurations I and II is presented in Fig. 7.x.2B.2. It is observed that the configuration I achieves 18-28% gain and again, the gain weakly depends on the geometry or fading channel type. However, for bandlimited configuration II, while gains as large as 51% are obtained at low geometries of -5 dB, the gain% decreased with geometry to as little as 8% for 20 dB geometry (for the PA3 channel). This is attributed to the increased interference between the UMTS and Scalable UMTS (N=2) carriers in this configuration. Such interference is minimal for the bandlimited configuration I. The nominal configuration I is only squeezed by 0.25 MHz while the nominal configuration II is squeezed by 2.5 MHz to fit into the 6 MHz available spectrum.
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Figure 7.x.2B.1: HSDPA throughput (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
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Figure 7.x.2B.2: HSDPA throughput %-gain over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)

While multi-carrier configurations offer increased throughput for the advanced user that can operate on both carriers, they may also cause an impact to the legacy user who can only operate on the UMTS carrier in the multi-carrier combination. This degradation is investigated in Fig. 7.x.2B.3, where it is observed that there is significant loss only for the bandlimited configuration II. The reason is again attributed to the interference from the Scalable UMTS carrier that is brought closer by 2.5 MHz compared to the nominal configuration II. On the other hand, for the bandlimited combination I, less than 4% degradation in legacy user throughput is obtained for all geometries and fading channels. 
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Figure 7.x.2B.3: HSDPA throughput loss % for legacy user over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)

Results are presented for different multi-carrier configurations of UMTS and Scalable UMTS in 6 MHz bandwidth when the PSD is increased for the Scalable UMTS carrier. Only the multi-carrier configurations with 6 MHz bandwidth are considered from here on. 
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Figure 7.x.2B.4: HSDPA throughputs for multi-carrier combinations in 6 MHz spectrum with increased PSD for Scalable UMTS carrier (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
The HSDPA throughputs are depicted for different fading channels in Fig. 7.x.2B.4 and the impact to legacy HSDPA user throughput is included in Fig. 7.x.2B.5. The main points of observation are summarized below: 

· Significant throughput gains of multi-carrier configurations over the baseline UMTS over all geometries and channel types. 

· The configuration UMTS+Scalable UMTS(N=4)  achieves more than 25% gain for all channel types and geometries considered. When the PSD of Scalable UMTS is kept same as UMTS, a minimum gain of 18% was obtained (refer Fig. 7.x.2B.2). In fact, at low geometries as -5 dB, gains as high as 108% for the VA120 channel were obtained because Scalable UMTS carrier has the same power as UMTS and power significantly determines throughputs at these ultra-low geometries (assuming constant No). When PSD was restricted to be that of UMTS, the maximum gain obtained for this configuration is 28 %.
· As was priori observed for the setting with same PSD (refer Fig. 7.x.2B.2), the gains of the multi-carrier combination UMTS+Scalable UMTS(N=2) are sensitive to geometry due to inter-carrier interference. The same behavior is observed even when the PSD is increased. While throughputs are comparable or better than UMTS+Scalable UMTS(N=4) at lower geometries, they are significantly lower than the throughputs of UMTS+Scalable UMTS(N=4) for geometries above 10 dB.
· Impact to legacy user throughput is insignificant for UMTS+Scalable UMTS(N=4) combination (with less than 1% loss over all channels and geometries considered). Even though the PSD of the Scalable UMTS (N=4) carrier is increased to be 6 dB higher than UMTS, no impact is observed on the legacy UMTS carrier.
· On the other hand, legacy user impact for UMTS+Scalable UMTS(N=2)  depended on the geometry. For low geometries the impact is 0% but showed an increasing trend with geometry, increasing up to 31% for a geometry of 20 dB. Note that at 20 dB geometry, up to 25% degradation for legacy user throughput is observed when PSD is kept to be same for UMTS and Scalable UMTS (refer Fig. 7.x.2B.3). This increase in impact is expected because the increased PSD of the Scalable UMTS carrier causes increased ICI to the legacy UMTS carrier.
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Figure 7.x.2B.5: HSDPA throughput loss % for legacy user over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)

Inter-carrier interference (ICI) results (with same PSD for Scalable UMTS and UMTS carriers) are included in Fig. 7.x.2B.6. When the Scalable UMTS carrier is the serving carrier, it has a higher relative interference level (from the UMTS aggressor) compared to when UMTS is the serving carrier. This is expected since the Scalable UMTS carrier is transmitting at a lower total Ior. 

Further, systems bandlimited to 6 MHz show increased interference values compared to the nominal systems. This supports the intuition that the inter-carrier interference is increased when the carriers are squeezed closer reducing the frequency offset between the centres. Squeezing the Nominal BW system I to fit 6 MHz bandwidth increased the interference level from -46 to -40 dB (refer black curves in Fig. 7.x.2B.6) while squeezing the Nominal BW system II to fit 6 MHz spectrum increased the interference level from -47 dB to around -5 dB (refer red curves in Fig. 7.x.2B.6). This is because the amount of squeezing in the configuration II is by 2.5 MHz, much larger compared to the amount in configuration I (by only 0.25 MHz). 


[image: image33]
Figure 7.x.2B.6: ICI (on each carrier) calculated as a function of frequency offset between the two carriers in the multi-carrier UMTS+Scalable UMTS configuration; Scalable UMTS with N=2 and N=4 are considered.
For increased Scalable UMTS carrier PSD, ICI as a function of frequency separation between the carriers is plotted in Fig. 7.x.2B.7. It can be observed that at a frequency separation of 2.88 MHz, the carriers in the combination UMTS+Scalable UMTS(N=4) have relative ICI values below -40 dB and hence no degradation is expected even for geometry as high as 20dB. On the other hand, for a frequency separation of 2.25 MHz, the carriers in the combination UMTS+Scalable UMTS(N=2) have relative ICI values as high as -5dB. Thus, considerable throughput degradation is observed for geometries > 10dB. 

Another point to note from Fig. 7.x.2B.7 is that the relative ICI values are higher for the UMTS carrier than for the Scalable UMTS carrier. This trend is the reverse of what is observed in Fig. 7.x.2B.6 when using the same PSDs. The reason for this reversal is that increase in PSD for the Scalable UMTS carrier increases its signal level (reduced relative ICI from UMTS carrier) while also increasing the interference to the adjacent UMTS carrier (reduces relative ICI of UTMS carrier). However, since the ICI values are small (< -40 dB in UMTS + Scalable UMTS(N=4)), this is not considered to be significant.
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Figure 7.x.2B.7: Inter-carrier interference (relative to signal level) for each carrier in the multi-carrier configurations with increased PSD for Scalable UMTS carrier. The green dotted lines indicate the frequency separations mentioned in 6 MHz deployment.

7.x.2.3

System-level results

System level throughput results are presented in Table 7.x.2C.1using the user CDF in Fig. 6.3.1.A and link level throughput results presented in this section. Inter-carrier interference between the constituent carriers is modelled for the multi-carrier configurations. 

In Table 7.x.2C.1, it can be observed that both the multi-carrier options (in 6MHz spectrum) achieve significantly higher throughputs compared to UMTS for the multi-carrier users in this system. For 100% loading, the configuration U+S2  (refer caption of Table 7.x.2C.1) achieves slightly higher throughputs compared to the configuration U+S4. This is seen from link results where this combination had better throughputs for lower geometries but the increased ICI reduced throughputs at higher geometries. On the other hand, when the loading in adjacent cells decreases to 20%, the geometry of users improves and the configuration U+S4 wins over U+S2. 

Note the impact for any legacy users in the multi-carrier systems. These users can not exploit the second carrier and can actually see degradation due to interference from adjacent carrier. The system results in Table 7.x.2C.1 indicate that this impact is actually negligible for U+S4 while it is significant for U+S2. When the legacy user impact is presented, all users are assumed to be legacy UEs. But the ICI from the adjacent Scalable UMTS carrier is not just due to control channels but equivalent to full data. So, the results can be interpreted as a scenario where all the legacy users are using 15 codes in the UMTS carrier and then all the enhanced users are only using the 15 codes from Scalable UMTS carrier on downlink. This means that the actual legacy user impact in a mixed scenario would be lesser when compared to what is shown. 

With regard to the standalone Scalable UMTS results, a spectral efficiency close to UMTS is observed when network throughputs are considered. Therefore, the system level results corroborate the observations for Scalable UMTS in link evaluations.
Table 7.x.2C.1: System level throughputs for Scalable UMTS configurations (U=UMTS, S 2  = Scalable UMTS (N=2), S 4 = Scalable UMTS (N=4))
	Channel
	Configuration
	Bandwidth
	Sector HS Throughput

(Mbps)

(20% adjacent cell loading)
	Sector HS Throughput

(Mbps)

(100% adj. cell loading)

	
	
	
	MultiCarrier

user
	Legacy User
	Multi-Carrier

user
	Legacy User

	PA 3
	U+S2
	6.00 MHz
	10.90
	7.47
	6.57
	4.45

	
	U+S4
	6.00 MHz
	11.11
	8.96
	6.19
	5.00

	
	U
	5.00 MHz
	9.00
	5.08

	
	S2
	2.50 MHz
	4.41
	2.46

	
	S4
	1.25 MHz
	2.06
	1.12

	PB 3
	U+S2
	6.00 MHz
	9.30
	6.27
	5.84
	3.90

	
	U+S4
	6.00 MHz
	9.25
	7.3
	5.51
	4.34

	
	U
	5.00 MHz
	7.30
	4.36

	
	S2
	2.50 MHz
	3.87
	2.26

	
	S4
	1.25 MHz
	1.84
	1.06

	VA 30
	U+S2
	6.00 MHz
	6.84
	4.80
	4.14
	2.89

	
	U+S4
	6.00 MHz
	7.32
	5.8
	4.17
	3.3

	
	U
	5.00 MHz
	5.79
	3.32

	
	S2
	2.50 MHz
	2.77
	1.53

	
	S4
	1.25 MHz
	1.43
	0.77

	VA 120


	U+S2
	6.00 MHz
	6.76
	4.60
	4.12
	2.75

	
	U+S4
	6.00 MHz
	6.87
	5.43
	3.96
	3.14

	
	U
	5.00 MHz
	5.45
	3.16

	
	S2
	2.50 MHz
	2.77
	1.60

	
	S4
	1.25 MHz
	1.31
	0.77


[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusions

It is proposed to agree to and capture the text proposal on the link and system evaluations for the Time Dilation Solution of Scalable UMTS as presented in this contribution for inclusion in the Scalable UMTS FDD Bandwidth Technical Report [3].
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