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1
Introduction

The new Dual Cell work item was approved during the last plenary meeting. Although the scope of the work item has been reduced in comparison to that of the study item [1] (adjacent carriers, same frequency band, no MIMO) numerous issues remain to be solved. One of the open issues that has been carried forward from the Study Item, deals with the possibility of using anchor and supplementary carriers with the latter carrying a reduced set of common channels. This has been referred to as non-equivalent or non-equitable (NE) deployment [2][3]. The main rationale/benefit for the non-equivalent case is to translate the power savings at the NodeB to an increased HSPA throughput. 

In this contribution, we discuss the advantages and disadvantages of non-equivalent scenarios, and we try to quantify the throughput gains for a typical case. In addition, we show that such gains are only achievable at a certain market penetration of dual-cell capable UEs. 

2
Equivalent vs. Non-Equivalent Cells

For both deployment scenarios, the assumption is that the two cells are synchronized. In the Equivalent Cell deployment scenario, the two carriers that make up the dual cell carry the full complement of common channels. Legacy and dual-cell capable UEs can camp on either of the cells. The legacy UEs receive traffic only on a single carrier, while the dual-cell capable UEs have the added advantage of being able to receive traffic from either of the carriers. Non-equivalent deployment scenarios rely on the synchronization between the cells to remove some of the common channels broadcast over the supplementary carrier. This could include the P-CCPCH, and the synchronization channels. In [2] it is also suggested that the supplementary carrier need not broadcast the S-CCPCH or the AICH. Removal of these channels results in a power saving of at least 10% at the Node B. The saved power can be shifted to the DL HSDPA channels without raising the inter-cell interference
.This increased power translates to an overall increase in average user throughput and cell edge performance..
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Figure 1: Equivalent vs. Non-Equivalent Cell Scenarios

3
Simulations & Results
In order to study the performance of equivalent vs non-equivalent deployment cases, following the TR assumptions, we have simulated a system scenario with 19 sites (each with 3 sectors), and an inter-site distance of 1000 m (with wrap-around). We have assumed a full-buffer traffic model at the NodeBs, and have studied a tagged cell with 50 UEs. A percentage of these are dual-cell capable - these can receive traffic on both carriers.  Based on the difficulties highlighted in the previous section, it has been assumed that the legacy UEs can only receive HSDPA traffic on the anchor carriers (that is, those carriers that transmit all common downlink channels). For the Non-Equivalent deployment scenario, we have assumed that the Supplementary Carrier has 11% more power available for the HS-DSCH transmissions. Simulations assume a 43dBm sector transmit power, a Type 2 UE receiver, and uncorrelated fading across both carriers. The NodeB performs joint scheduling across both carriers using the proportional fair joint scheduler defined in [4].
Figure 2 shows the Cumulative Density Function (CDF) of the average UE throughput for both the anchor carrier and the supplementary carrier for a dual-cell penetration rate of 25%. Notice that the average throughput on the anchor carrier is slightly worse for the Non-Equivalent deployment scenario – the opposite is true for the supplementary carrier. This is a direct result of the legacy UEs being relegated to the anchor carrier. 
Next we look at the combined (anchor + supplementary) cell throughput for 25% market penetration for equivalent and non-equivalent deployments as depicted in fig. 3. As we can see, the cell edge throughput for the non-equivalent deployment is lower (~30kbps) than for the equivalent deployment (42kbps). 
To gain better understanding of the effects of market penetration we next evaluate metrics of UE throughput versus percentage of dual-cell capable UEs in the system (market penetration). Two such metrics are included in Figure 4: average UE throughput, and cell edge (5%) UE throughput. 
It should be noted that the full-buffer simulation model conceals another problem with the Non-Equivalent case. As it assumes that the NodeB will always have traffic on the Supplementary Carrier, the sector throughput is always maximized. If the number of UEs on this carrier is small enough, then in a system with bursty traffic the carrier may become underutilized when all the DL queues become empty (carrier throughput will go down to zero). Our results for the non-equivalent case are therefore somewhat optimistic. 
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Figure 2: CDF of Average UE Throughput on Anchor & Supplementary Carriers for 25% DC-HSPA market penetration
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Figure 3: CDF of UE throughput for 25% DC-HSPA Market Penetration
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Figure 4: UE Throughput Statistics vs. DC-HSPA Market Penetration for a) Average UE Throughput and b) Cell Edge (5%) UE Throughput
We can make the following observations:

1. For the selected non-equivalent deployment scenario, gains in average UE throughput are only noticeable at a dual-cell market penetration greater than 15%-20%.

2. For cell-edge UEs, gains for the selected non-equivalent deployment require a market penetration of at least 70%. Thus it seems that legacy UE's at cell edge will pay a performance penalty to accommodate the DC-HSPA UE's.
3. At high dual-cell market penetration, the gain in both average and cell edge throughput is small, about 3-5%

4
Conclusion 

Although there is a gain in using a Non-Equivalent deployment scenario, the results for the simulated case show that this gain may only materialize if the DC-HSPA market penetration is high enough. In other cases, the gain for the dual-cell capable UEs comes at the expense of the legacy UEs.

We propose to include these results in the DC-HSPA TR 25.825.
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� Note that a CPICH would still be required on the supplementary carrier for synchronization, measurement purposes, and to calculate the CQI on this carrier
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