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Transmit Diversity Schemes for Soft Handover
Introduction

The issue of whether feedback mode transmit diversity should apply during soft handover (SHO) is one of the unresolved issues being addressed by RAN WG1 Ad Hoc 6. In this contribution we aim to resolve this issue. Hybrid link/system level simulation results are given which demonstrate that closed loop schemes can be applied in a simple way during SHO, which results in a significant capacity increase relative to applying open-loop modes during SHO. It is therefore proposed that Ad Hoc 6 should conclude that feedback mode transmit diversity schemes can be applied during soft handover.

Simulation Approach

The simulation approach is a hybrid link/system level simulator which models both uplink and downlink simultaneously. For each trial a number of users are placed at random within the coverage area of a cluster of base stations. Path loss and shadowing are calculated and the active sets of each user determined. Within each trial, the average channel (i.e. uncoded) bit error rate is evaluated over the fading (which is either single path or two path model, independent in uplink and downlink). Both intracell and intercell interference is calculated, and for the downlink direction, code orthogonality is included.

Closed-loop power control is modelled for both uplink and downlink. Various downlink transmission diversity schemes are modelled. The instantaneous uplink channel bit error rate is used to generate TPC and FBI errors which in turn impact downlink performance. 

In order to make the simulation tractable, a number of simplifying assumptions are made:

· ideal channel estimation

· very low doppler relative to TPC command rate

· interference limited case (no power clipping)

· no common channel overhead

· potential downlink code shortage issues ignored

The output of the simulator is a cdf of channel bit error rates. Results are given here for the channel bit error rate at 5% outage, which means that there is a 5% probability that a user experiences a higher BER (averaged over fading) than the value given.

The results assumed the following parameters:

Number of users
20 to 90

Spreading factor
16 for all users

Uplink diversity
2 antennas, max ratio coherent combination

Downlink transmission diversity
Various

Number and arrangement of base stations
9, rectangular grid

BS antenna type
Omnidirectional

Maximum active set size
2 

Threshold for joining active set (dB)
3

SSDT Power Control
Not active

Path loss exponent
3.5

Shadowing standard deviation (dB)
7

Target C/I & associated channel BER (uplink and downlink)
4 dB, 4 %

TPC Step Size (uplink and downlink)
1 dB

number of TPC bits per command
2

Channel models
one or two (equal power) tap Rayleigh faded 

Correlation between antenna elements
0 (perfect decorrelation)

Table 1 – Simulation Parameters

Transmit Diversity Modes

A description of the various Tx Diversity modes follows:

Label
Description

STTD
STTD applied for all users (SHO or non-SHO)

TxAA + STTD
FB Mode 2 (2 bit phase only) for non-SHO users, STTD for SHO users

TxAA(1)
FB Mode 2 for all users. FBI during SHO derived for strongest base station and applied by all active base stations.

TxAA(2)
FB Mode 2 for all users. FBI during SHO derived for sum of base station powers and applied by all active base stations.

Table 2 – Transmit Diversity Modes
For TxAA+STTD and TxAA(1), the FBI information is derived according to S1.14, i.e. it indicates the weight vector w  that maximizes

P=wHHHHw


where


H=(h1  h2 …(
and where the column vector hi represents the estimated channel impulse response for the i’th transmission antenna, of length equal to the length of the channel impulse response. For TxAA(1) during SHO, this is derived for the base having the strongest downlink signal.
For TxAA(2) , the FBI information is determined as the weight vector w  that maximizes

P=wH(H1HH1+ H2HH2+...)w
where Hi is the channel matrix for the i'th base station of the active set. This does not represent a significant complexity increase at the mobile station, either for channel estimation (since STTD requires the same channel estimates during SHO) or in weight vector determination (since the added complexity involves adding a few 2x2 matrices together, once per slot). 

Furthermore, note that in applying feedback mode transmit diversity during soft handover, no changes are required to the already defined FBI signalling or slot formats.

Results

Plots of downlink channel BER (5% outage as explained above) versus relative capacity are given in figures 1 to 2. The target channel C/I corresponds to a BER of 4% in these simulations for both uplink and downlink. In the downlink, any target could be set without changing the relative performance of the downlink transmission diversity schemes described  herein. 
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 Figure 1 – Downlink performance vs. number of users, single tap channel.
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Figure 2 – Downlink performance vs. number of users, two tap channel.
Taking 6% as a threshold for  acceptable downlink performance, the following relative capacities are found (noting that the target is 4%, and that 5% of users will exceed 6% BER).

Diversity Scheme
Channel Type
Relative Capacity

STTD
1 path
1.00

STTD+TxAA
1 path
1.16

TxAA(2)
1 path
1.31

STTD
2 path
1.00

STTD+TxAA
2 path
1.23

TxAA(2)
2 path
1.37

Note that these results are for FB mode 2, and as previously reported, extra gain with FB mode 3 (3 bits phase, 1 gain) will be obtained for low mobility conditions. This was not simulated due to simulation complexity considerations.

Conclusions

The issue of whether feedback mode transmit diversity should apply during soft handover (SHO) is one of the unresolved issues to be addressed by RAN WG1 Ad Hoc 6. In this contribution we aim to resolve this issue. Hybrid link/system level simulation results are given which demonstrate that closed loop schemes can be applied in a simple way during SHO, which results in a significant capacity increase. Furthermore, note that in applying feedback mode transmit diversity during soft handover, no changes are required to the already defined FBI signalling or slot formats. The impact on the UE complexity is negligible. It is therefore proposed that Ad Hoc 6 should conclude that feedback mode transmit diversity schemes can be applied during soft handover.

