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1. Introduction

In document TSGR1#3(99)208 from Nokia, an analysis of RAKE finger complexity for feedback mode transmit diversity is presented. Going from the no Tx diversity case to the feedback mode 1 case involves one additional channel estimator per finger plus the antenna verification step (which is optionally associated with mode 1). It is stated that these additions increase ASIC complexity by 18%. Feedback modes 2 and 3 do not require the verification step, but require one further channel estimation step. It is stated in TSGR1#3(99)208 that this leads to a RAKE finger complexity increase of 103% over the no diversity case (i.e. a doubling of complexity), but no clear explanation of the analysis is given. 

The antenna verification step is a receiver implementation issue and as such is an optional feature for the UE. For all feedback modes, common pilots (on PCCPCH) are used for channel estimation from each transmission antenna. Dedicated pilots (DPCCH) are used either for verification, or for channel estimation. Section 2 below shows that the (optional) verification step of mode 1 has a higher complexity than the additional channel estimation step required for mode 1 (without verification) and for modes 2 and 3. 

The issue of UE complexity associated with the support of multiple feedback modes is also addressed. The required RAKE finger processing is identical for all modes 1 to 3 (assuming no antenna verification for mode 1), and is independent of number of modes. As noted in TSGR1#3(99)208, it is shown that the calculation of the feedback information is trivial. Furthermore, it is shown in Section 3 that the number of feedback modes supported has no significant bearing on UE complexity for the calculation of the feedback information, since simple algorithms exist which are common for all modes. 
2. RAKE Complexity

In this section, we use a notation based on that given in S1.14 for the example antenna verification procedure. In particular:

L=number of paths

Nd=number of dedicated pilot symbols
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are orthogonal dedicated pilot patterns of length N, with elements si(0( to si(N-1( (used with antenna verification)

s is dedicated pilot pattern of length N, with elements s(0( to s(N-1( (used when no antenna verification is implemented)

 yl(n( is despreader output of n’th pilot symbol for path l
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 denote the l’th path channel estimates for antennas 1 and 2 (obtained from PCCPCH orthogonal pilots for all modes).
2.1 Required Operations for mode 1 with antenna verification

Here we assume that the optional antenna verification step is performed by the UE, using the example algorithm given in S1.14. The following steps are required each slot:

i. Estimate the noise power 
[image: image5.wmf]2

ˆ

s

 (unknown complexity)

ii. Obtain/update channel estimates from PCCPCH pilots for each transmission antenna (
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iii. De-spread the dedicated pilots:

· for each path and each pilot symbol, obtain  yl(n( and arrange into length LxNd vector y.
iv. Use the de-spread dedicated pilots for antenna verification:

· Compute â1,l s1(n(, for all 1(l (L and 1(n(Nd , and arrange into length LxNd vector w1. (LxNd complex operations)

· Compute â2,l s2(n(, for all 1(l (L and 1(n(Nd , and arrange into length LxNd vector w2. (LxNd complex operations)

· Compute 
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  (2xLxNd complex operations)

· Compare p to 
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r,  where r is a predefined log likelihood ratio.

2.2 Required Operations for mode 1 (no antenna verification) and modes 2 to 3

All these modes require identical RAKE processing steps, as follows:

i. Obtain/update channel estimates from PCCPCH pilots for each transmission antenna (
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ii. De-spread the dedicated pilots:

· for each path and each pilot symbol, obtain  yl(n(, and arrange into L vectors of length Nd, yl.  
iii. Obtain the channel estimate from the dedicated pilots:

· For each of L paths, compute sHyl  (LxNd complex operations)

2.3 Summary of RAKE finger complexity

For dedicated pilot processing, mode 1 with the optional verification step (using the algorithm described in S1.14), requires 4xLxNd complex operations, whereas mode 1 (no verification) and modes 2 and 3 require LxNd complex operations. Furthermore the operations required for antenna verification are less well-structured than the cases without verification. The RAKE finger processing for mode 1 (no verification) and modes 2 and 3 is identical for all modes and is independent of the number of modes. Furthermore, mode 1 with verification requires a noise estimation step for the verification algorithm given in S1.14.

3. Complexity of weight determination with multiple feedback modes

Let the number of modes be 3 as currently described in S1.14, and denote the particular selected mode by nm,. The following is a very simple example of a procedure for weight vector determination which is valid for all modes:

Every Nupdate(nm) slot times:

· Calculate the 2x2 matrix M= (h1  h2 …( H (h1  h2 …( where the hi are the channel estimates of the i’th antenna (calculated from PCCPCH) 
· set nw=Nweights(nm)

· Perform the following loop:

for 1(i(nw, 

ph=table_p(nm, i)

ampl_ant1=table_a1(nm,i)

ampl_ant2=table_a2(nm,i)

wi= (ampl_ant1, ph x ampl_ant2( T
pwr(i)= Re( wiHHHHwi )
end loop

· The uplink signaling word is given by the index corresponding to the maximum pwr(i).

This algorithm operates in the same way irrespective of mode. Modes are defined by a set of look-up tables. The following are the lookup tables used by this algorithm for the 3 modes defined in S1.14:

____________________________________________________________

Nupdate(1) =1

Nupdate(2) =2

Nupdate(3) =4
Nweights(1) =2

Nweights(2) =4

Nweights(3) =16

table_p(1, 1) = 1

table_p(1, 1) = 1

table_p(2, 1) = exp(j180/180)

table_p(2, 2) = exp(-j90/180)
table_p(2, 3) = exp(j0/180)
table_p(2, 4) = exp(j90/180)

table_p(3, 1) = exp(j180/180)

table_p(3, 2) = exp(-j135/180)
table_p(3, 3) = exp(-j/180)
table_p(3, 4) = exp(-j45/180)

table_p(3, 5) = exp(j0/180)

table_p(3, 6) = exp(j45/180)
table_p(3, 7) = exp(j0/180)
table_p(3, 8) = exp(j135/180)

table_p(3, 9) = exp(j180/180)

table_p(3, 10) = exp(-j135/180)
table_p(3, 11) = exp(-j0/180)
table_p(3, 12) = exp(-j45/180)

table_p(3, 13) = exp(j0/180)

table_p(3, 14) = exp(j45/180)
table_p(3, 15) = exp(j0/180)
table_p(3, 16) = exp(j135/180)

table_a1(1,1)=0

table_a1(1,2)=1

table_a1(2,1..4)=1

table_a1(3,1..8)=sqrt(0.2)

table_a1(3,9..16)=sqrt(0.8)

table_a2(1,1)=1

table_a2(1,2)=0

table_a2(2,1..4)=1

table_a2(3,1..8)=sqrt(0.8)

table_a2(3,9..16)=sqrt(0.2)

____________________________________________________________
The memory and complexity requirements of this simple example are clearly very low for the 3 mode case currently described by S1.14 and could of course be optimised further. The only implication of increasing the number of modes is on the memory required to store the look up tables. Adding a single bit phase only mode (as proposed by Motorola) would only require the storage of 5 additional numbers.

4. Conclusions

For dedicated pilot processing, mode 1 with the optional verification step (using the algorithm described in S1.14), requires a higher number of complex operations than mode 1 (without verification) and for modes 2 and 3. Furthermore the operations required for antenna verification are less well-structured than the cases without verification. The RAKE finger processing for mode 1 (no verification) and modes 2 and 3 is identical for all modes and is independent of the number of modes. Furthermore, mode 1 with verification requires a noise estimation step for the verification algorithm given in S1.14.

The memory and complexity requirements of weight vector calculation are very low for the 3 mode case as currently described by S1.14. The only implication of increasing the number of modes is on the required memory to store the fixed parameters in look up tables. Adding a single bit phase only mode (as proposed by Motorola) would only require the storage of 5 additional numbers in look up tables.
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