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1
Introduction

The need for efficient spectrum utilization has motivated the concept of Scalable-UMTS (S-UMTS), where a fractional UMTS carrier is defined to fit in spectrum allocations smaller than 5 MHz [1]. Link simulation results presented in [2] suggest a similar spectral efficiency of S-UMTS (N=2) system to that of UMTS.

In this document, we present more comprehensive results with multiple scaling factors, N=2, 4. We also include results for a standalone S-UMTS (N=2) systems in Band I (2.1 GHz).  Further, we consider two additional variables in our study: 

· PSD of S-UMTS: same as UMTS or increased so that S-UMTS power is same as UMTS. 
· P-CCPCH for S-UMTS: For scaling factor N, use N codes with SF = 256 for the P-CCPCH channel so that S-UMTS system achieves the same latency as an UMTS system with respect to decoding the essential cell-specific information. 

The document deals with HSDPA throughput results and for the voice performance of standalone S-UMTS, we refer to [3].
2
Link Simulation parameters
In this section, we present the parameters used in performing the UMTS and S-UMTS DL link simulations.
Table 1: Simulation Assumptions for standalone S-UMTS Downlink
	Parameter
	Value

	Scaling factor N
	1; UMTS carrier (900 MHz, 2.1 GHz)
2; S-UMTS carrier (900 MHz, 2.1 GHz)
4; S-UMTS carrier (900 MHz)

	Power Spectral Density
	A) Same as UMTS

B) Increased for S-UMTS so that total power is same as UMTS

	P-CPICH_Ec/Ior
	-10dB

	P-CCPCH_Ec/Ior
	-12dB

	P-CCPCH codes
	Single SF 256 code for S-UMTS

N codes (with SF 256) for S-UMTS each with -12 dB Ec/Ior

	SCH_Ec/Ior
	-12dB

	PICH_Ec/Ior
	-15dB

	HS-SCCH_Ec/Ior
	-12dB

	HS-PDSCH_Ec/Ior
	Remaining power so that total transmit power spectral density of Node B (Ior) adds to one

	Spreading factor for HS-PDSCH
	16

	Modulation
	QPSK, 16QAM, 64QAM

	TBS
	Variable for HS-PDSCH based on CQI feedback and HS outerloop

	HSDPA Scheduling Algorithm
	CQI based

	CQI to TBS mapping
	Realistic

	Geometry
	[-5 0 5 10 15 20] dB

	CQI feedback error
	0%

	HS-DPCCH ACK/NACK feedback error
	0%

	Maximum number of HS-DSCH codes
	Up to 15*SF16 for TTI=2ms*Scaling factor per carrier for HS-PDSCH

	Number of HARQ Processes
	6

	Maximum number of HARQ Transmissions 
	4

	Maximum HARQ Transmission Time
	100ms in case of Scaling factor = 2, otherwise 50 ms

	HARQ Combining
	Incremental Redundancy

	First transmission BLER
	10% after 1 transmission

	Number of Rx Antennas
	2 

	Channel Encoder
	3GPP Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	CQI Feedback delay
	8ms*Scaling factor (the case TTI length is increased)
Refer Appendix A for details on CQI feedback timeline

	Propagation Channel Type
	PA3, PB3, VA30,VA120

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Type 3i (2Rx –LMMSE)

	Antenna imbalance [dB]
	0

	Rx Antenna Correlation
	0


3
Throughput Results
We present the results in terms of the spectral efficiency relative to the UMTS system, defined as follows: 
Relative Spectral Efficiency = N*(Throughput of S-UMTS with scaling factor N) / (Throughput of UMTS)
We also define the “Geometry” of a user (in dB) as follows:

 Geometry (in dB) = 43 dBm –Path Loss(dB)- Noise power (in dBm)
where “Noise” refers to the total in-band noise in UMTS carrier. In the single cell scenario (as in this document), we assume the noise to be thermal noise amplified by receiver noise figure. Note that in a multi-cell scenario, noise level depends on what dominates the total received noise – Ioc interference from adjacent cells or thermal or a combination of both depending on the exact user placement. Thus, for this link evaluation document, “Geometry” definition simply refers to user path loss and receiver implementation. This definition helps us to capture the performance of increased PSD accurately. 
4.1 Band VIII (900 MHz) deployments 
Fig. 1 illustrates the spectral efficiencies obtained for the S-UMTS systems with scaling factors N=2 and N=4with PSD of S-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 10 dB. For smaller geometries, we did observe a lower spectral efficiency of 0.75 for VA30 channel in N=4 and 0.8 for N=2 scenarios. In any case, spectral efficiency is quite comparable to UMTS over the whole set of fading channels and geometries considered.
(a)  N=2             









 (b)  N=4
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Figure 1: Spectral efficiency comparison for different S-UMTS configurations in Band VIII; S-UMTS PSD = UMTS PSD and P-CCPCH codes = 1
Now, in Fig. 2, we consider the same systems but increase the number of codes allocated for the P-CCPCH channel from 1 to N for an S-UMTS system with scaling factor N. This enables the S-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). We note that while spectral efficiency is lowered at lower geometry values 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 worthwhile 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. These small rate channels are obtained from the first 1/16th of the code-tree without affecting the HS codes.  
(a)  N=2             









 (b)  N=4
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Figure 2: Spectral efficiency comparison for different S-UMTS configurations in Band VIII; S-UMTS PSD = UMTS PSD and P-CCPCH codes = N
In Fig. 3, we increase the PSD for the S-UMTS system so that its total power matches to UMTS system. For the same path loss (user placement), this improves the in-band S-UMTS received power and hence we expect increased spectral efficiencies compared to Fig. 1. This is indeed the case and we observe 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. However, as geometry improves this advantage decreases and the relative spectral efficiencies approach 1 (from above). 
(a)  N=2             









 (b)  N=4
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Figure 3: Spectral efficiency comparison for different S-UMTS configurations in Band VIII; S-UMTS power = UMTS power and P-CCPCH codes = 1
In Fig. 4, we consider the S-UMTS configurations with increased PSD, but now also allocate 4 codes 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.
(a)  N=2             









 (b)  N=4
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Figure 4: Spectral efficiency comparison for different S-UMTS configurations in Band VIII; S-UMTS power = UMTS power and P-CCPCH codes = N
4.2 Band I (2100 MHz) deployments

Fig. 5 summarizes the results for S-UMTS with scaling factor N=2 but in Band I. We expect more Doppler due to the increase in carrier frequency and hence, channel estimation and CQI feedback can suffer as N factor increases for the S-UMTS system, at least for the fast VA120 channel. For N= 2, this effect does not seem to be critical. Specifically, Fig. 5 (a) suggests a relative spectral efficiency of 0.93 for the VA 120 channel at geometry of 20 dB which is lower than that obtained for the same configuration in Band VIII (~1). We could consider some UE enhancements (e.g. channel estimation) to close this gap.
(a) S-UMTS PSD=UMTS PSD, P-CCPCH codes=1          (b)  S-UMTS PSD=UMTS PSD, P-CCPCH codes=N             
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(c) S-UMTS Power=UMTS Power, P-CCPCH codes=1          (d)  S-UMTS Power=UMTS Power, P-CCPCH codes=N
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Figure 5: Spectral efficiency comparison for different S-UMTS (N=2) configuration in Band I
5
Conclusions

The document presents downlink simulation results for standalone S-UMTS in Band VIII with multiple scaling factors N=2 and N=4. We use relative spectral efficiency w.r.t UMTS system as a metric to evaluate these systems. When PSD is kept to be same as UMTS system, we obtained relative spectral efficiencies close to 1. We also considered S-UMTS systems with extra codes allocated for P-CCPCH to reduce the latency in decoding broadcast information to UMTS values. This reduced the relative spectral efficiencies but they still remained above 0.9 for PA3, PB3 and VA120 fading channels for N=2. The setting with N=4 registered lower spectral efficiencies of 0.55 and 0.6 for VA30 and PA3 channels at ultra-low geometry of -5 dB but these improved to 0.85 and above as geometry increased to 20 dB. 
Other options explored include increasing the PSD of S-UMTS systems so that they match the UMTS system in terms of total base-station power. This resulted in increase of spectral efficiencies at low geometries (as high as 2.2 for N=2 and 3.8 for N=4). However, these efficiencies again become close to 1 for high geometries. In all, S-UMTS systems considered have comparable spectral efficiencies as UMTS systems.

We also include results for Band I for S-UMTS system with N=2. We do not observe any significant performance degradation for the fast VA120 channel in spite of the increased Doppler for Band I compared to Band VIII. 
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Appendix A
Here we describe the time-line for the CQI computation and feedback used in link simulations. The CQI measurement interval is indicated by the gray slots. The filtered CQI value is taken at the end of third slot and transmitted on HS-DPCCH using 3 slots. This gives the node B three slots to schedule for the user and send the information on HS-SCCH (indicated by yellow). Using the standard 2-slot delay between HS-SCCH and HS-PDSCH, UE gets the packet scheduled for the reported CQI after a total of 8 slots. We have also indicated ACK/NACK transmission for this transmission after a 7.5 standard HS-PDSCH to HS-DPCCH delay. 
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Figure 6: CQI computation and reporting timeline used in simulations

