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Transmit Diversity Schemes for Soft Handover and SSDT
Summary

At the TSG-RAN Working Group 1 meeting #5, Motorola presented results showing the benefits of applying FB mode transmit diversity in soft handover. After some discussions, it was agreed to further assess the performance of Tx Diversity schemes during SHO, and to also include SSDT operation. 

Simulation results are given here, using conditions as far as possible consistent with those agreed by ad hoc 6. 

These results again 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 for low speeds (4 and 10 km/h were simulated). Results for higher speeds (60 km/h) are not yet available.

Furthermore, the combined use of closed transmit diversity schemes and SSDT seems feasible and offers some performance benefits, especially at 4 km/h. The benefits of SSDT at 10 km/h are reduced compared to the case at 4 km/h, and in fact at this speed in some cases SSDT results in a loss of performance relative to normal SHO. 

For combined operation of FB mode Tx diversity and SSDT, 2 FBI bits per slot are required, one for the closed loop transmit diversity and one for SSDT. If only one FBI bit per slot can be provided, then the use of closed loop transmit diversity in regular SHO outperforms the use of open-loop transmit diversity combined with SSDT.

Simulation Approach

The simulation approach is a hybrid link/system level static 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. To avoid edge effects, users whose closest cell is an edge cell are ignored when collecting statistics. Path loss and shadowing are calculated and the active sets of each user determined. Within each trial, the average C/I 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 the downlink. An idealised PC scheme applies for the uplink, as agreed by AH6. 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 of power control, closed loop transmit diversity, and SSDT. 

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

· ideal channel estimation

· potential downlink code shortage issues ignored

The output of the simulator is the SIR at 5% outage, which means that there is a 5% probability that a user experiences a lower SIR (averaged over fading) than the value given. The target SIR is 4dB for all cases. NOTE THAT IN PRACTICE DIFFERENT CHANNEL CONDITIONS LEAD TO DIFFERENT REQUREMENTS FOR SIR TARGET. HENCE CARE IS NEEDED WHEN COMPARING DIFFERENT CASES. Specifically, comparisons of system capacities between cases having different orders of path diversity and transmit antenna diversity are not given here. Nevertheless, comparisons between regular SHO and SSDT in combination with different transmit diversity schemes are made for a given channel type and number of transmit antennas. The system capacity is defined as the case where there is 5% probability that the SIR falls below 3dB (for a target of 4dB). 

The results assumed the following parameters:


Settings

Service type
Circuit switching, 

Spreading factor=16, 100% activity

Bandwidth
5MHz

Carrier frequency
2GHz

Active set decision making
path loss + shadow fading  (not including fast fading)

Consumption time to add an new BTS
not modelled (Note 1)

Consumption time to delete an ongoing BTS
not modelled (Note 1)

Deployment model
3 cell-rings,  omnidirectional antennas,

concentric locating layout,

Data is sampled from inner cells

Shadowing parameters
10dB standard deviation, no correlation between BTSs (Note 1).

Forwardlink diversity

MS reception diversity

BS Tx Diversity


No

none, STTD or FB mode 2

(Coherent transmission/combination for FB mode is modelled)



Reverse link diversity
2 antennas

Target SINR
4dB

maximum active set size
2 or 3 (3 for SSDT)

T_add,  pilot RX power threshold for deciding active set. (normalized by the maximum one.)
-5 or –3dB dB (-5 for SSDT)



Uplink threshold for SSDT BS assigning itself primary 
Target Uplink Eb/No - 10dB

Hysterisis margin
not modelled (Note 1)

Control range of transmission power
30 dBm - 10dBm

Common broadcast channel Tx power
20dBm

Closed loop TPC step size
1dB

Uplink DPCCH bit  reception error probability 
4 %for BTS with best uplink propagation path in active set, probability greater than, 4 % is set in other BTS according to path loss and fading difference between best uplink and other BTSs.

Path model
1 or independent 2 path Rayleigh per Tx antenna. 

Independent in uplink and downlink

2-Path power ratio is  0.6:0.4




DPCCH for non-primary cells
Power overhead included

Uplink TPC signalling
2 channel bits per TPC command 

(3dB gain over channel BER)

Uplink TxAA signalling
mode 2 (2 bit phase), 1 channel bit per slot (2 channel bits per command) (0dB gain over channel BER)

Uplink SSDT signalling
1 channel bit per slot, 8 bit words to select between upto 3 base stations. 1 site selection every half a frame.

Closed loop TPC delay
1 slot

Tx AA feedback  delay
2 slot

Site selection feedback delay
8 slot

Downlink code limitation 
not included

Downlink code orthogonality
included

RAKE reception
All paths on all active/primary base stations 

UE speed
4km/h, 10km/h and 60km/h

 Table 1 Simulation parameters

NOTE1:  Being a static simulator, the modelling the addition/deletion of cells from the active set is not performed. This will not significantly influence the results for low speeds (4 and 10 km/h) with a shadowing decorrelation distance of 20m , since a UE will not experience significant changes in shadowing during the time taken to add/delete a cell.

Transmit Diversity Modes

TxAA in non-SHO mode 

We assume TxAA mode 2 (4 phase control). The antenna weight vector, w is determined so as to maximize the criteria function, r defined in [1],

r=wHHHHW

where H is an estimated channel impulse response. The candidate set of w has been given in Table 3 of S1.14. Ideal complex channel estimation is assumed. 

TxAA in SHO and SSDT modes 

We assume TxAA mode 2 (4 phase control). The antenna weight vector, w is determined so as to maximize the criteria function, r defined in [1],

r=wH(H1HH1+ H2HH2+(((()W

where Hi is an estimated channel impulse response for BS#i. In regular SHO, the set of BS#i corresponds to the active set. With SSDT, the set of BS#i corresponds to the primary bast station(s). The candidate set of w has been given in Table 3 of S1.14. Ideal complex channel estimation is assumed.

Soft Handover Cases

Three soft handover cases are modelled:

· SHO 5,3: normal soft handover with a threshold for joining the active set of –5dB, and a maximum active set size of 3.

· SHO 3,2: normal soft handover with a threshold for joining the active set of –3dB, and a maximum active set size of 2.

· SSDT: which has a threshold for joining the active set of –5dB, and a maximum active set size of 3. Base stations assign themselves primary if the uplink quality falls below a certain threshold.

In all cases, if transmit diversity is applied, the same tranmsit diversity scheme is applied for both users in SHO and users not in SHO.

Results

The estimated relative capacities found from the simulations are given in tables 1 to 4.
Case
4 km/h,

Relative Capacity
10 km/h,

Relative Capacity
60 km/h,

Relative Capacity

SHO 5,3
1.00
0.99
-

SHO 3,2
0.96
-
-

SSDT
1.09
0.63
-

Table 1 – results for single path (flat fading) channel, no transmit diversity

Case
4 km/h,

Relative Capacity
10 km/h,

Relative Capacity
60 km/h,

Relative Capacity

SHO 5,3
1.00
-
-

SHO 3,2
1.08
1.08
-

SSDT
1.23
0.93
-

Table 2 – results for two path channel, no transmit diversity

Diversity Scheme
4 km/h,

Relative Capacity
10 km/h,

Relative Capacity
60 km/h,

Relative Capacity

SHO 5,3+STTD
1.00
-
-

SHO 3,2+STTD
1.07
1.07
-

SHO 3,2+TxAA
1.66
1.55
-

SSDT+STTD
1.27
0.90
-

SSDT+TxAA
2.02
1.32
-

Table 3 – results for single path (flat fading) channel, with transmit diversity

Diversity Scheme
4 km/h,

Relative Capacity
10 km/h,

Relative Capacity
60 km/h,

Relative Capacity

SHO 5,3+STTD
1.00
-
-

SHO 3,2+STTD
1.07
1.07
-

SHO 3,2+TxAA
1.58
1.58
-

SSDT+STTD
1.22
1.20
-

SSDT+TxAA
1.95
1.70
-

Table 4 – results for two path channel, with transmit diversity

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

Simulation results are presented which demonstrate that closed loop transmit diversity 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 for low speeds (4 and 10 km/h were simulated). Results for higher speeds (60 km/h) are not yet available.

Furthermore, the combined use of closed transmit diversity schemes and SSDT seems feasible and offers some performance benefits, especially at 4 km/h. The benefits of SSDT at 10 km/h are reduced compared to the case at 4 km/h, and in fact at this speed in some cases SSDT results in a loss of performance relative to normal SHO. 

For combined operation of FB mode Tx diversity and SSDT, 2 FBI bits per slot are required, one for the closed loop transmit diversity and one for SSDT. If only one FBI bit per slot can be provided, then the use of closed loop transmit diversity in regular SHO outperforms the use of open-loop transmit diversity combined with SSDT.

