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Introduction

Because of the non symmetric characteristics of the internet traffic, the downlink WB-CDMA capacity optimisation is a key issue for the UMTS FDD mode. This paper shows that by adding some knowledge at the RNC of additional information on the downlink channel, it is possible to increase the downlink capacity. In this paper this is done through soft handover optimisation.

The present document first introduces simulations results showing the maximum soft handover benefit which can be expected for the downlink depending on the channel profile. It is then shown that some knowledge of the DL channel characteristics for all candidate cells is required in order to get maximum capacity gain from the soft handover. These characteristics may be either the propagation channel profiles or the CPICH RSCP stability.

Finally new UE measurements are proposed in order to allow close to optimum soft handover gains.

Evaluation of potential DL capacity improvement through optimised active set management

In this section, we present some simulation results showing the influence of the DL channel propagation profile on the soft handover gain. From these results, we quantify the benefits which can be expected in terms of downlink pole capacity if the active set management would use a DL profile information. 

The downlink pole capacity is defined in this context as the maximum downlink capacity which can be reached when the downlink power is not the limiting factor.

Influence of the DL channel model and path loss on the soft handover gain.

The gains from soft handover come from the fact that for a given interference level, the required transmitted power for one UE is decreased thanks to macro-diversity. The optimum active set should minimise the total transmitted power for a given UE.

· In figure 1, we show that the average transmitted downlink power saving provided by macro diversity depends on:

· the propagation model,

· the average path loss difference between the 2 cells.

In this example, the active set size is limited to 2 for simplification. The propagation model is considered identical for both cells, the transmitted power gain is computed as a function of the pathloss difference between the 2 cells. The detailed simulation assumptions are given in annex.
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Figure 1

With a single path Rayleigh channel, macro diversity with 2 cells can reduce transmitted power by 10 dB when path losses are equal. If path losses are not equal, then the power reduction is decreased as a function of path loss difference. The interest of macro diversity disappears for a path loss difference equal to 20 dB. Beyond this path loss difference, macro diversity with equal Tx power strategy would rise power rather than reduce it.

If some diversity is introduced in the channel itself, e.g. a second path 10 dB below the main one, then improvement for equal path losses is 4 dB. More than 10 dB of path loss difference would bring power increase instead of power reduction.

In case the propagation channel provides a lot of diversity in its own, e.g. 3 paths with equal powers,  then macro diversity (with equal Tx powers strategy) brings little further improvement even for similar path losses. For path losses differences greater than 2 dB, macro diversity increases the required power.

These results show that an optimum active set management would require some knowledge of the channel profile.

Capacity gains with optimum active set management

In this section we analyse the gains which could be achieved by exploiting the DL channel profile information to manage the active set. In the following, “optimum active set selection” refers to active set management using DL profile information and “fixed threshold” refers to active set management based on a fixed threshold i.e. a new link is added when the pathloss difference between cells is greater than a fixed value.

Impact on transmitted power

First, we derive, for different multi-path profiles, the average power gains when using the optimum active set selection, vs the fixed threshold selection.

The previous results show the soft handover gains for given pathloss differences. To assess the capacity gain, we need to determine the distribution of downlink transmitted power versus pathloss difference.

· For this purpose, we estimate the distribution of mobiles depending on the path loss difference between first cell and second cell. Several assumptions are used :

· Network made of tri-sectorized sites arranged in a hexagonal network.

· Uniform distribution of mobiles.

The following distribution is obtained.
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Figure 2

Note that one column in figure 2 gives the ratio of mobiles for a delta between k-0.5 dB and k+0.5 dB, except for column k=0 corresponding to a range between 0 and 0.5 dB, and column 19 corresponding to a delta greater than 18.5 dB. The sum of all 20 values is equal to 1.

Downlink capacity is related to coverage, or to which maximum downlink power is available. What we want to address here is the maximum capacity for unlimited downlink power. When we get close to such a limit, the downlink power tends to be equally shared between UEs, whatever are the UE positions in the cell. Therefore, the distribution in figure 2 can be directly combined with the results in figure 1 in order to find out which improvement can be obtained in terms of maximum downlink capacity.

· This average reduction of transmitted power is evaluated for 2 different active set selection methods:

· optimum active set selection : when macro diversity brings gain, the 2 best cells are included in the active set. When it doesn’t, only the best cell is included.

· reference active set selection : no information about channel profile is used i.e. the algorithm is supposed to retain 2 cells in the active set only when the path loss difference of the second candidate cell with respect to the best one is not greater than 4.5 dB.

The following results are obtained when comparing the 2 above described methods :

Profile
Power gain  for optimum active set, versus fixed threshold =4.5 dB

Single path
2dB

0dB, 0.1 dB
0.38dB

0dB, 0dB, 0dB
~0dB

Impact on the downlink pole capacity

The above power gain is then translated into a downlink pole capacity gain. This is made possible because of the unlimited downlink power assumption.

In this case, it means that for a given level of downlink interference, the average total power transmitted to each mobile can be decreased, thanks to optimum active set selection. The downlink interference being proportional to the average power required per mobile, the above figures may directly translate into capacity enhancements (assuming a large number of UEs in the cells) :

Profile
DL pole capacity gain for optimum active set, versus fixed threshold =4.5 dB

Single path
60%

0dB, 0.1 dB
9.2%

0dB, 0dB, 0dB
1.4%

The relative downlink capacity gain for optimum active set selection, versus ‘usual’ active set selection will really depend on the channel model. In the presence of non time dispersive Rayleigh channel, the gain is quite significant. In the presence of channels made of several separated paths, the gain disappears.

Because such optimum selection can only be made if it is based on information about the channel characteristics, such as the multi path presence, new measurements should be introduced in the UE in order to exploit the soft handover potential.

Introduction of the DL channel characteristics information

The simplest way to provide the DL channel characteristics information to the RNC is via UE measurements. In this section we propose 2 UE measurements which could be exploited by the RNC to optimise soft handover management. They could also be used for other RRM purposes such as e.g. outer loop power control management.

CPICH RSCP normalised standard deviation

The first idea is to introduce a simple variance measurement made on received CPICH power. 

The CPICH RSCP measurement is already defined in release 99. This power measurement is based on a layer 1 measurement performed over a measurement period made e.g. of several time slots. The CPICH RSCP normalised standard deviation is defined as the ratio of standard deviation of CPICH RSCP measurements for all slots in the measurement period to the average CPICH RSCP over the measurement period.

Normalised Cell Power profile

In this case, the UE should measure a CPICH RSCP with respect to a single echo of the received signal, for several timing hypothesis. The set of timing hypothesis should be delayed by k.Tc/p as compared to the best path, with Tc equal to chip time, and k being an integer belonging to ]-n .. m].  This provides n+m power values. The measurement is made of the N highest power values relative to the highest value, each power ratio being associated to its respective time offset index (within ]-n .. m]).

The choice of  p, n, m, N should be a compromise between the level of knowledge and the implementation easiness. Following values could be used for discussion: p=2, n=35, m=35, N=6.

This measurement could be used alone or in conjunction with the previous one.

Conclusion 

In this paper we have shown the benefits of using DL channel information to improve downlink capacity through optimum active set management.  We propose to discuss the introduction of new UE measurements, which would make it possible to  achieve the potential improvement of downlink capacity presented in the present document.

Annex : simulation assumptions

Assumptions used to derive the improvement due to SHO

The following propagation channel models are considered (the 2 last ones are extracted from TS25.101).

1) One single Rayleigh path,

2) Two independent Rayleigh path with a 0dB, -10dB average power profile,

3) Three independent Rayleigh path with a 0dB, 0dB, 0dB average power profile.

The network below is simulated:
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The 2 blocks called “Power setting” generate one power value at each time slot according the TPC command that they receive. 

The same initial power is set on both blocks at the simulation start. (Therefore both blocks have exactly the same behaviour and the pair of blocks could be replaced by a single block). This initial condition forces the “equal Tx powers” strategy for power sharing. Though the “equal Tx powers” strategy is known not to be optimum in the presence of different path losses for each cell, it is sufficient for the purpose of the present document.

The “Rayleigh(s)” blocks generate (independently from each other) one power ratio at each timeslot. This ratio is calculated according the model profile and according the assumption that the Doppler frequency is equal to 30 Hz (mobile speed = 16 km/h).

Then a further static power ratio is applied accounting for an average path loss. The path loss difference between both cells is adjusted through these blocks.

A fixed level of interference level is then introduced. Assuming that maximum ratio combining strategy is used, the combined SIR is obtained by adding both useful power values and dividing by the interference level.

The outer loop is simulated in a simplified way. A BER (or BLER) is calculated at each slot depending on the received SIR. This calculation assumes one decade per dB for demodulation and decoding performances. An outer loop period equal to 1000 slots is introduced. After each such period, the average BER during this period is compared to a target. The SIR target is increased or decreased as a result of the comparison.

The inner loop delay is supposed not to be greater than one time slot.

Once the outer loop has reached convergence, the long term average power is measured and summed over both cells. This power is usually lower that it would be if only the closest cell would transmit power toward the mobile. The ratio between both powers is the power gain due to macro diversity.

Assumptions used to derive the distribution of mobiles, with respect to the path loss difference between first cell and second cell.

· Hexagonal network made of 16 three-sectorized sites.

· Uniform distribution of the mobiles in the network.

· Distribution considered only in the cells which are located in the middle of the network, in order eliminate boarder effects.

· Inter site distance equal to 1000 m.

· Horizontal and vertical beam widths respectively equal to 60° and 15° (for 3dB attenuation).

· Propagation attenuation equal to 40 dB when distance is multiplied by10.
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