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1. Introduction

Improved coverage and increased cell edge bitrates are important requirements for E-UTRA [1]. One way to achieve good coverage, already employed in previous 3GPP releases, is through the use of macro diversity with (soft/selection) combining of data received in different cells. This paper presents and evaluates a set of uplink macro diversity schemes and compares them to the case of not using macro diversity, i.e. the use of hard handover. Although there exists extensive previous work within the area of macro diversity, this has focused mainly on dedicated and power controlled radio bearers, and is not directly applicable to the foreseen E-UTRA concept. This paper attempts to use system models more representative for E-UTRA. The different macro diversity principles are presented in Section 2. Models and Assumptions for their evaluation are summarized in Section 3, followed by numerical results, comparing in Section 4. Finally, conclusions are drawn in Section 5. This paper is based on [2]. In this updated version, new results for a Pedestrian A channel are presented, and models and assumption have been further aligned with the recommendations in [3].

2. Uplink Macro Diversity Principles

In WCDMA, macro diversity has two aspects:

· reception of the signal in multiple cells, and

· control of the UE (power control) from multiple cells.

On the former aspect, the transmitted signal will fundamentally be present in multiple cells and the question is to what extent it is beneficial to exploit this fact; a question this paper attempts to address. The latter aspect may or may not be necessary, depending on the details of the scheme considered.
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Figure 1. The three cases considered in the comparison.
Two different macro diversity principles are studied, with and without muting, and compared with the case of not using macro diversity. Both of the macro diversity schemes considered receives the transmitted signal in multiple cells. With muting, when a terminal is transmitting all other transmissions within the active set of the transmitting terminal are muted. Muting thus effectively creates a reuse larger than one for terminals in soft handover. This results in less interference, but also in lower medium utilization. It is thus not obvious whether an overall gain is achieved. The different principles are illustrated in Figure 1. It should be noted that muting requires some form of coordination between cells. There are several ways of implementing muting, e.g., through control signaling from multiple cells. Alternatively, a similar behavior could be implemented through the use of a frequency reuse > 1 for users at the cell border, which can be seen as a constraint to the scheduler operation and thus not necessarily requiring fast coordination between different Node Bs.

For the two macro diversity schemes, maximum ratio combining is applied between cells within a site. Between sites, selection combining is applied. An add threshold of 6dB is assumed (the number has been increased compared to the 4 dB in [2] to get similar performance for the Ped A and TU channels for comparison purposes). A maximum active set size of 3 cells is assumed and a handover hysteresis of 3dB is used in case of hard handover, meaning that cells within +/- 1.5dB are randomly selected. The input to the hard-handover decision is a filtered version of the downlink signal strength. The downlink signal strength is sampled every 40ms, and passed through a moving average filter with 200ms duration. The hard-handover execution time is assumed to be 100ms. Other system parameters are described in the next section.

3. Models and Assumptions

To the extent possible, the simulation assumptions have been aligned to [3], the main differences being the antenna diagram (the same 3 dB lobe width but a different front-to-back attenuation), the number of sites (7 instead of 19) and the bandwidth simulated (5 MHz instead of 10 MHz). Users are uniformly distributed over the system area, and move with a fixed speed of 3km/h. An on-off traffic model is used. The activity factor is varied between 10 and 100% to study different traffic loads.

An urban environment with indoor users is assumed. This is reflected in a path-loss exponent of –3.76, an outdoor to indoor penetration loss of 20dB, a lognormal shadow fading with standard deviation 8dB, and a Typical Urban or Pedestrian A channel impulse response. The correlation distance for the shadow fading is 50m. The correlation coefficient between cells of different sites is 0.5, and 1.0 between cells belonging to the same site.

A network occupying 5MHz of spectrum, with seven three-sector sites, i.e. in total 21 cells, is assumed. The sites are positioned on a regular hexagonal grid. The cell radius is varied to evaluate the coverage of a certain data rate. Two-branch receive antenna diversity, but no transmit diversity, is assumed. The terminal output power is set to 125mW, and a noise figure of 5dB in the Node B is assumed. Only time-domain scheduling is employed, i.e. in each cell only one terminal at a time is allowed to transmit. In order to map measured Signal-to-Interference and Noise Ratios (SINR) to normalized bitrates, the Shannon relationship (log2(1+SINR)) is used. This yields optimistic absolute values, but is deemed acceptable for relative comparisons. The function f in Figure 1 models maximum ratio combining within a site and selection diversity between sites (the sum of the SNRs within a site and the max of the sums between the sites), similar to what is done in WCDMA. Hybrid ARQ is not modeled.

A radio network simulator is used for evaluating the handover principles. In each run, 100 terminals are studied and observed during a time corresponding to the filter time plus the handover execution time. Their quality (SINR mapped to normalized bitrate) after the handover execution time is logged and used as performance measure. In order to improve statistical confidence, for each traffic load and handover scheme, the simulations are iterated 30 times.

The user quality performance measure used, the normalized bitrate derived from the SINR, reflects the bitrates users experience when scheduled. In cases multiple users share the uplink channel, the experienced bitrate above the MAC layer would decrease correspondingly. It should be noted that scheduling restrictions apply when muting is used; users with overlapping active sets cannot be scheduled simultaneously. For fair comparison, the macro diversity principles should not be compared at equal activity factors, as these may correspond to different served traffic loads, but rather at equal served traffic loads. For a given activity factor, the served load is calculated as the average user bitrate multiplied with the activity factor. For example, if the average bitrate when scheduled is 1Mbps and the activity factor is 0.5, the served traffic is 0.5Mbps. 

4. Numerical Results

This section presents numerical results on the form of normalized bitrates versus traffic load and cell radius. Figure 2 shows such results for a typical urban environment. Comparing the different principles, it is seen in the left plot that for a fixed cell radius, macro diversity with muting can provide a gain in cell-edge bitrate (5th percentile) of a factor 2.5. In the right plot, results indicate that a cell radius increase from e.g. some 300m to about 450m, i.e. a radius gain of about 50%, or an area gain of 125%, is achieved. Hence, in absence of uplink macro diversity, a coverage loss of ~60% will result if macro diversity is not employed. 

Figure 3 shows the same form of results as Figure 2, but for a Pedestrian A channel. For this more strongly fading channel with less diversity inherent, slightly lower 5th percentile bitrates are achieved, especially with hard handover. The gains with soft handover are hence larger in this case.

It should be noted that the scenarios studied here are optimistic for the non-macro-diversity case relying on hard handover only. Factors that are expected to degrade performance more for hard handover than for the macro diversity cases include increased mobile speed, measurement errors, and increased handover execution times.

5. Conclusions

Coverage, capacity and cell-edge bitrate are important attributes for E-UTRA. Simulation results show that  macro diversity scheme is superior to a hard handover reference in all these aspects. With the models and assumptions used, the gains achieved for a TU channel are 125% larger coverage area, 50% higher capacity, and 150% higher cell edge bitrate. For a Pedestrian A channel larger gains are achieved. Hence, omitting soft handover for E-UTRA results in capacity losses and coverage losses of some 60%. If, unlike currently deployed 3G networks, macro diversity is omitted a coverage loss of approximately 60% will result. This must be compensated for by other means on top of the overall performance increase required from E-UTRA [1] 
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Figure 2. Normalized bitrate versus traffic load (left) and cell radius (right) for the Typical Urban channel. 
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Figure 3. Normalized bitrate versus traffic load (left) and cell radius (right) for the Pedestrian A channel. 
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