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1
Introduction

Scalable-UMTS (S-UMTS) provides the operator with added flexibility to fit in a fractional UMTS carrier for better spectrum utilization [1-3]. RAN1 sent an LS to RAN4 to consider impacts to RAN4 specifications and coexistence [4]. In this contribution, we use the available spectrum of 6 MHz in Band VIII for China Unicom [5] and investigate different multi-carrier configurations in terms of HSDPA throughput without introducing additional coexistence problem. Our goal is to explore the role of adjacent carrier interference between the carriers in each configuration. We consider detailed transmitter and receiver modelling at link-level including emissions from the base-station’s power amplifier. 
2
Multi-carrier UMTS+S-UMTS
In this section, we present a high-level overview of the transmitter and receiver models used for link simulation of the multi-carrier UMTS and S-UMTS. Transmitter and receiver block diagrams are given in Figures 1 and 2 respectively. Detailed modelling of power amplifier distortion is given in Section 3. In this contribution, we use separate power amplifiers for UMTS and S-UMTS. 
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Figure 1: Multi-carrier UMTS+S-UMTS transmitter and channel modelling
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Figure 2: Multi-carrier UMTS+S-UMTS receiver modelling

The configurations evaluated in this contribution are summarized in Table 1. Bandlimited configurations refer to UMTS+S-UMTS combinations that are squeezed to fit into the 6 MHz bandwidth. 
Table 1: Configurations under evaluation
	Index
	Configuration
	Total Bandwidth
	Frequency separation between UMTS and S-UMTS carriers

	Nominal I
	UMTS + (1/4) UMTS
	6.25 MHz
	3.125 MHz

	Bandlimited I
	UMTS + (1/4) UMTS
	6.00 MHz
	2.875 MHz

	Nominal II
	UMTS + (1/2) UMTS
	7.50 MHz
	3.75 MHz

	Bandlimited II
	UMTS + (1/2) UMTS
	6.00 MHz
	2.25 MHz

	BASELINE
	UMTS
	5.00 MHz
	Not applicable


Detailed arrangement of the carriers in the frequency domain is given in Figure 3
 for information.
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Figure 3: Arrangement of carriers in multi-carrier UMTS+S-UMTS configurations:

(a) Nominal I: UMTS+S-UMTS   (b) Bandlimited I: UMTS+S-UMTS                                         (c)   Nominal II: UMTS+S-UMTS   (d) Bandlimited II: UMTS+S-UMTS                                       (e)   UMTS baseline
3
Power amplifier modelling
To better understand the performance impact due to adjacent channel leakage, additional RF distortion impact on adjacent channel leakage needs to be studied in addition to adjacent channel leakage caused by baseband waveforms. Typically the power amplifier is the major source of RF distortion. In this contribution, we tried to model RF distortion by introducing the power amplifier model into the link simulator. We use a conventional AM/AM, AM/PM modelling to evaluate the effect of these emissions. The operating point for the amplifier is such that the ACLR at 5 MHz separation is at 45 dBc. This condition provides the worst case condition in the existing minimum requirements in TS 25.104. In practice, the emissions are expected to be much better than this worst case condition. For the AM/AM and AM/PM curves used for the base-station amplifier, refer to Appendix A.
In Figure 4, we plot the emissions after the PA for the base-station UMTS amplifier as modelled in this contribution. For reference, we also plot the emission measurements with two commercially available amplifiers. We observe that the emissions modelled in this contribution fall in between the linear and class AB (a non-linear but more efficient) amplifiers.
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Figure 4: PSD after the PA 
In Figure 5, we plot the spectra for the UMTS and S-UMTS (N=2,4) with and without PA modeling. We observe that while power amplifier emissions dominate interference far from the center of carrier, the near-to center interference is dominated by the pulse-shaping filter (RRC). Further, it was also observed that UMTS system causes higher emissions compared to the S-UMTS. This is because, for the same power spectral density levels, UMTS has a larger total Ior compared to S-UMTS due to the larger bandwidth.    
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Figure 5: PA emissions for UMTS and S-UMTS (N=2,4). 
4
Adjacent Channel Interference

We assume the use of a separate power amplifier for each of the UMTS and S-UMTS carriers in the multi-carrier configuration. For simplicity, we consider the amplifiers to have the same AM/AM, AM/PM characteristic for both UMTS and S-UMTS carriers. 
With serving carrier as UMTS and the victim carrier as adjacent UMTS, we observe 45 dBc ACLR. This is expected form the choice of amplifier operating point. Now, we consider the serving carrier as the S-UMTS carrier and the victim to be the UMTS carrier adjacent. In this setting, we observe ACLR of 46 dBc and 45 dBc for the S-UMTS carrier with N=2 and 4 respectively. The ACLR of S-UMTS is defined between the in-band signal power for S-UMTS and adjacent channel leakage power over an UMTS carrier. Note that due to the lower total Ior for the S-UMTS carriers, the absolute emissions are lower compared to legacy UMTS system when using the same PA. 
Overall, a stand-alone S-UMTS carrier is observed to cause lower total emissions compared to UMTS carrier in the adjacent service.
In Figure 6, we show the power spectral densities for all the multi-carrier combinations in Table 1. Note that in both the nominal configurations (a) and (c), the adjacent carrier interferes with the carrier of consideration at levels when the relative PSD is below -40 dB. On the other hand, in the bandlimited configurations (b) and (d), the interference is higher than the nominal configurations. We can readily observe that the bandlimited combination II has excess adjacent carrier interference between the UTMS and S-UMTS (N=2) carriers. 
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Figure 6: Post power amplifier PSDs for multi-carrier UMTS+S-UMTS configurations:

(b) Nominal I: UMTS+S-UMTS in [-2.5,3.75] MHz  (b) Bandlimited I: UMTS+S-UMTS in [-2.5,3.50] MHz          (c)   Nominal II: UMTS+S-UMTS in [-2.5,5.00] MHz  (d) Bandlimited II: UMTS+S-UMTS in [-2.5,3.50] MHz      (e)   UMTS baseline
We define a metric to characterize the adjacent carrier interference in the multi-carrier configurations. The ACI (adjacent channel interference) metric is defined as depicted in Figure 7. We calculate the UMTS contribution (A) and the S-UMTS interference (B) after the receive RRC filter. Then, the ACI is defined as:
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     Figure 7: ACI calculation in the proposed link simulator

Note that the same RRC filter will be used in Figure 7 for measuring UMTS contribution A and S-UMTS interference B. We can similarly evaluate the ACI for the S-UMTS carrier in the multi-carrier configuration. In Figure 8, we plot, as a function of frequency separation between the center carrier frequencies of the multi-carrier configuration, the ACI results obtained for the multi-carrier configurations using UMTS and S-UMTS (N=2,4). Refer to Table 1 to map the 4 different multi-carrier systems onto Figure 8 based on the frequency offset between the carriers. 
[image: image17.png]Relative Inter-Carrier Interference (in dB)

-5 —&— (1/2) UMTS (serving), UMTS (aggressor)
—-@— UMTS (serving), (1/2) UMTS (aggressor)
N —*— (1/4) UMTS (serving), UMTS (aggressor)
-10p~ —-*— UMTS (serving), (1/4) UMTS (aggressor)
.
51 Feg
-201
-25+
-30+
-35+
-40+-
450 o
45 . ‘e e
TRl -0 4
50+ e :
\*\*\\*\
I Il 1 Il Il I Il L e *
2 22 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4

Frequency Offset (in MHz)




Figure 8: ACI (for each carrier) calculated as a function of frequency offset between the two carriers in the multi-carrier UMTS+S-UMTS configuration; S-UMTS with N=2 and N=4 are considered.

When the S-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 (from the S-UMTS aggressor). This is expected since the S-UMTS carrier is transmitting at a lower total Ior (transmit power). The bandlimited systems show increased interference values compared to the nominal systems. This is again supporting intuition that the inter-carrier interference increases when the carriers are squeezed closer reducing the frequency separation between the carriers. We note that squeezing the Nominal BW system I to fit 6 MHz bandwidth increased the interference level from -41 to -39 dB (refer to black curves in Figure 8) while squeezing the Nominal BW system II to fit 6 MHz spectrum increased the interference level from -43 dB to around -5 dB (refer to red curves in Figure 8). Again, this supports intuition 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). 

5
HSDPA Throughput Results
This section presents the throughput results for different multi-carrier configurations considered in Table 1. The basic simulation assumptions are given in the Appendix B. We used the time-dilated version for the S-UMTS [4]. 
In Figure 9, we depict the HSDPA throughputs for different fading channels – PA3, PB3, VA30 and VA120. We observe significant throughput gains of multi-carrier configurations over the baseline UMTS. 

The percentage throughput gain over baseline UMTS is shown in Figure 10. First, the nominal multi-carrier configurations I (using UMTS + S-UMTS (N=4)) achieves 21-29 % gain over baseline UMTS for all geometries and fading channels considered. On the other hand, the nominal configuration II (using S-UMTS (N=2)) achieves 46-61% gain over baseline UMTS. In general, the percentage gain weakly depends on geometry or the type of fading channel. However, note that these nominal configurations require bandwidth greater than 6 MHz. 

Now we concentrate on the performance of bandlimited configurations I and II. We observe that the configuration I achieves 19-30% gain and again, the gain weakly depends on the geometry or fading channel type. However, for bandlimited configuration II, we observe that while gains as large as 54% are obtained at low geometries of -5 dB, the gain decreases with a geometry increase to as little as 8% for 20 dB geometry (for the PA3 channel). We attribute this to the increased interference between the UMTS and S-UMTS (N=2) carriers in this configuration. Such an interference is minimal for the bandlimited configuration I. This can be understood by the amount of squeezing each configuration underwent. 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 9: HSDPA throughput (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
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Figure 10: 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, it is worth noting the performance of the legacy user who can only operate on the UMTS carrier in the multi-carrier deployment. We investigate this degradation in Figure 11. The percentage HSDPA throughput loss for a UMTS carrier in multi-carrier configurations over baseline UMTS is shown in Figure 11. It is observed that there is significant loss for the bandlimited configuration II. The reason is again attributed to the interference from the S-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 3% degradation in the legacy UMTS carrier is observed throughput for all geometries and fading channels.
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Figure 11: HSDPA throughput loss % for legacy user over baseline UMTS (left-top=PA3, right-top=PB3, left bottom=VA30, right bottom=VA120)
6
Conclusions

The document has presented the analysis on adjacent carrier interference in multi-carrier UMTS + S-UMTS configurations. The corresponding HSDPA throughput results have been provided together. A conventional AM-AM, AM-PM PA modeling was incorporated into the link simulator to reflect the additional emissions from RF frontend.
When the available spectrum is 6 MHz, the following observations have been made.

· UMTS + (1/4) S-UMTS

· The percentage throughput gain over baseline UMTS is about 19-30%. The gain weakly depended on geometry (range = -5 to 20 dB) and fading channel type (PA3, PB3, VA30, VA120).
· The throughput loss in the legacy UMTS carrier in multi-carrier configuration is less than 3% over all geometries and fading channels considered.
· UMTS + (1/2) S-UMTS

· The percentage throughput gain over baseline UMTS is about 8-54%. The gain decreases with a geometry increase.
· The throughput loss in the legacy UMTS carrier in multi-carrier configuration is significant and could be up to about 25% at 20 dB geometry.
It is also observed that S-UMTS (in standalone or multicarrier mode) causes lesser total absolute emissions into the adjacent systems compared to the legacy UMTS system. Therefore, it is expected that S-UMTS causes less coexistence issue compared to the legacy UMTS system as long as the nominal channel spacing is maintained toward uncoordinated adjacent services.

Proposal: Send an LS to RAN1 to indicate the conclusion for S-UMTS coexistence in this contribution.
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Appendix A
[image: image30.png](pazieuuou) spnydue nding

02

01

02 03 04 (5 06 07 08 09
Input amplitude (normalized)

01



[image: image31.png]Output PA phase offset (in degrees)

-0

12

14
0

01

02

03

i i i
04 (5 06
Input amplitude (normalized)

07

08

09





Figure 12: Normalized AM-AM (left sub-figure) and AM-PM (right sub-figure) curves for the power amplifier used in this contribution
Appendix B

Table 2: General Simulation Assumptions for multi-carrier S-UMTS Downlink
	Parameter
	Value

	Scaling factor
	Primary Cell: 1
Secondary Cell: 2; 4

	P-CPICH_Ec/Ior
	-10dB

	P-CCPCH_Ec/Ior
	Primary Cell: -12dB
Secondary Cell: OFF

	SCH_Ec/Ior
	Primary Cell: -12dB
Secondary Cell: OFF

	PICH_Ec/Ior
	Primary Cell: -15dB
Secondary Cell: OFF

	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

	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 Cycle
	1 TTI

	CQI feedback error
	0%

	HS-DPCCH ACK/NACK feedback error
	0%

	Maximum number of HS-DSCH codes
	15

	Number of HARQ Processes
	6

	Maximum number of HARQ Transmissions 
	4

	Maximum HARQ Transmission Time
	50ms * Scaling factor

	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); 

8ms (the baseline or the case TTI length is not increased)

	Feedback error rate
	0%

	Propagation Channel Type
	PA3,PB3, VA30,VA120

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	UE Receiver Type
	Type 3 (2Rx –LMMSE)

	Antenna imbalance [dB]
	0

	Rx Antenna Correlation
	0

	Inter-carrier interference modelling
	As described in this document  UMTSis used for the S-UMTS carrier with an UMTS specification.-UMTSer comapred nfiguration.e muclit-


� The power spectral densities shown in Figure 3 are obtained from an UMTS link simulator with no power amplifier distortion. In section 3, we present detailed models for PA distortion and re-evaluate these PSDs.
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