Page 1

3GPP TSG RAN WG1 Meeting #72bis

R1-131588
Chicago, USA, 15th – 19th April 2013
Source:
QUALCOMM Incorporated

Title:
Modelling of Adjacent Carrier Interference
Agenda item:

6.5.1
Document for:
Discussion
1
Introduction

Scalable-UMTS (S-UMTS) allows a fractional UMTS carrier to better utilize the available spectrum [1]. For example, in a 6 MHz spectrum allocation, we could have a regular UMTS (5 MHz) and S-UMTS with scaling factor 4 (1.25 MHz) as a multi-carrier configuration. While adding an additional carrier means a sum-throughput gain, one needs to carefully evaluate the effect of interference between the carriers in a multi-carrier configuration. 

In this document, we present simulation link level methodology to accurately evaluate the effect of fitting an additional carrier into the spectrum to obtain a multi-carrier configuration. For illustration, we use an available spectrum of 6 MHz [3] in Section 3 although the methodology can be readily generalized to any given spectrum allocation. After listing the generic link simulation methodology and configuration choices for 6 MHz example, we evaluate the Adjacent Carrier Interference (ACI) for each of the carriers in the multi-carrier configuration. ACI, a metric referred to in [2].  
Note that RF degradation due to the power amplifier non-linearity at the Node B is not modelled. These are not expected to be significant.
2
Methodology for multi-carrier link simulation

In this section, we present a high-level implementation of the multi-carrier configurations in a generic UMTS link simulator. 
In order to have a consistent evaluation, the maximum power spectral density for the S-UMTS carrier is assumed to be the same as a legacy UMTS carrier. Therefore, since the bandwidth of an S-UMTS carrier is 1/Nth of the bandwidth, the Ior of the S-UMTS cell is 1/Nth of the UMTS cell. Figure 1 presents the transmitter and channel modelling. 

The transmit baseband signals for UMTS and S-UMTS are sent through two independent fading channels. We apply a frequency offset onto the S-UMTS carrier before combining it with the UMTS carrier. The interference from other cells - Ioc is modelled as AWGN.  
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Figure 1: Transmitter modelling in multi-carrier UMTS+S-UMTS configuration

At the receiver (refer Fig. 2), we pass the combined signal obtained after Ioc addition though two separate receive paths- one for UMTS and one for S-UMTS. For the S-UMTS carrier that has a frequency offset w.r.t the UMTS baseband, we undo the frequency offset at the S-UMTS receive path. While the UMTS path uses the regular RRC filter, we use a time-dilated version of RRC filter for the S-UMTS. The RRC outputs are passed through the regular equalization and demodulation stages (note that the S-UMTS receiver has a time-dilated processing) and CQIs calculated are feedback to the corresponding transmitter for scheduling.  
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Figure 2: Receiver modelling in multi-carrier UMTS+S-UMTS configuration

3
Sample Multi-carrier configurations 
In this section, we illustrate the multi-carrier configurations of interest. The traditional approach is illustrated in Fig. 3, where a 5-MHz UMTS carrier is placed at the centre of the spectrum. Fig.3 plots the power spectral density of the UMTS waveform relative to its maximum value. It can be clearly observed that the system does not utilize the spectrum near the edges efficiently.
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Figure 3: Baseline UMTS in 6 MHz

Next, we consider a multi-carrier configuration using UMTS and S-UMTS (N=4). Using a nominal bandwidth of 5 MHz for UMTS, the nominal bandwidth of S-UMTS (N=4) is 1.25 MHz, and for the combination, it is 6.25 MHz. This configuration is depicted in Fig. 4, and will be referred to as the “ Nominal BW system I ”. 
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Figure 4: Nominal BW multi-carrier configuration I using UMTS and S-UMTS with N=4 in 6.25 MHz
Due to the availability of only 6 MHz of spectrum in the use case presented by China Unicom, we try to squeeze this multi-carrier configuration to fit in 6 MHz spectrum. However, we ensure that the distance to the edges of spectrum from the centers of the two carriers is nominal: 2.5 MHz for the UMTS carrier and 0.625 MHz for the S-UMTS carrier. This is to ensure that there is no excess leakage to the adjacent spectrum allocation compared to the Nominal BW system I. We refer to this multi-carrier system squeezed into a 6 MHz allocation as “ Bandlimited system I ” (refer Fig. 5).
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Figure 5: Bandlimited multi-carrier configuration I using UMTS and S-UMTS with N=4 in 6 MHz
We repeat the exercise using an S-UMTS carrier with N=2. We refer to the associated multi-carrier configurations as the “ Nominal BW system II ” and the “Bandlimited system II ” in figures 6 and 7 respectively. 
Note that with a 6 MHz allocation, the amount by which configuration I is squeezed is only 0.25 MHz while the configuration II is squeezed by 2.5 MHz. We expect excess inter-carrier interference in configuration II, but we have to note that configuration II offers a wider S-UMTS carrier. A link evaluation is needed to understand which configuration is optimal for this (or any other, in general) spectrum allocation. 
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Figure 6: Nominal BW multi-carrier configuration II using UMTS and S-UMTS with N=2 in 7.5 MHz
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Figure 7: Bandlimited multi-carrier configuration II using UMTS and S-UMTS with N=2 in 6 MHz
4
ACI Modelling
We use adjacent carrier interference (ACI) as a metric to validate our transceiver methodology for multi-carrier configurations. As depicted in Fig. 8, in order to calculate the ACI for the UMTS carrier, we calculate the UMTS contribution (A) and the S-UMTS interference (B) after the receive RRC filter. Then, the relative ACI is defined as 
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Figure 8: ACI calculation in the proposed link simulator
Note that the same RRC filter will be used in Fig. 8 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 carrier centers of the multi-carrier configuration, the ACI results obtained for the multi-carrier configurations using UMTS and S-UMTS (N=2,4). Refer to figures 4-7 to map the 4 different multi-carrier systems onto Fig. 9. 
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Figure 9: 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.

The following observations can be made from Figure 9:

· 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. This is expected since the S-UMTS carrier is transmitting at a lower total Ior. 
· The bandlimited systems 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 centers. 
· 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. 9) 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. 9). 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). 
5
Conclusions

The document presents link simulation methodologies for multi-carrier configurations using UMTS and S-UMTS (N=2, 4) to better utilize the spectrum allocations. While the methodology presented is generic, the document uses an allocation of 6 MHz. The methodology advocates joint simulation of the UMTS and S-UMTS carriers with the S-UMTS carrier shifted in frequency w.r.t the UMTS baseband. This frequency shift helps to accurately model the interference from one carrier to the other in the multi-carrier configurations. We also validate our methodology using a popular metric, ACI (adjacent carrier interference). We advocate performing link simulations using the methodology presented for a given spectrum allocation.
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