3GPP TSG RAN WG1#13
R1-00-0756
Tokyo, Japan

May 22nd - 25th, 2000

Agenda Item: 
Adhoc 99

Source: 

Siemens AG, Mitsubishi Electric

Title:


Optimally selected Code Sets for PSCH in UTRA TDD

Document for: 
Decision

1 Summary

Because only 12 out of 16 possible and available SSC’s are needed for the Cell Search in UTRA TDD, it is possible to discard, e.g. not to make use of, 4 of the SSC’s which are worst in terms of their mutual cross-correlation with the PSC. This optimisation possibility has been recently highlighted in [1]. 

For FDD the selection of the PSC and the associated SSCs has been discussed in several contributions and a number of simulations regarding the performance, in particular the performance of the PSC in the presence of interference caused by the associated SSCs have been performed see e.g. [2], [3], [4].

Using the experience gained from these simulations we propose to use an optimised criterion for the selection of the Code Sets of the SSCs. Based on this criterion we propose to change the Code Sets, which are currently defined for Cell Search in UTRA TDD 
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This selection uses the same reasoning as presented in [1], but employs slightly different selection criteria. 

The here proposed Code Sets would leave SSC2, SSC7, SSC9 and SSC11, unused, compared to the currently unused SSC12, SSC13, SSC14 and SSC15.

This optimised choice of 12 SSC’s for building the Code Sets for Cell Search in UTRA TDD is beneficial for Cell Search Step 1 performance and has no side effect onto Step 2 performance or complexity.

A change request incorporating these changes is supplied in Tdoc R1-00755
2 Introduction

Both UTRA FDD and TDD employ the same Primary Synchronisation Code (PSC) and set of Secondary Synchronisation Codes (SSC’s). But only a subset of 12 out of the 16 possible and available SSC’s are needed for the Cell Search in UTRA TDD, whereas all 16 of them are employed in UTRA FDD. This has already been highlighted in [1]. 

These 12 SSC’s in UTRA TDD are partitioned into 4 different Code Sets, which are composed of 3 different SSC’s each. Always 3 SSC’s of a Code Set are sent in parallel with the PSC together in those timeslots where a PSCH is present (2 cases for PSCH slot allocation possible).

Currently, the 4 Code Sets in UTRA TDD are constructed by simply taking the first 3 SSC’s for the 1st Code Set, the following 3 SSC’s for the 2nd Code Set and so on, the last 4 SSC’s being left unused:

Code Set 1: SSC0, SSC1, SSC2

Code Set 2: SSC3, SSC4, SSC5

Code Set 3: SSC6, SSC7, SSC8

Code Set 4: SSC9, SSC10, SSC11
2 Criteria to select SSC’s

The 16 SSC’s which are derived by taking out every 16th row, beginning with row 0, of a position-wise scrambled Hadamard-matrix H8 are candidates for selection of the actually used SSCs in the 4 sets. It is important to select the SSCs from this set in order to allow efficient correlation over all of the SSCs, in order to avoid impact on existing hardware design and in order to maintain maximum commonality with FDD.

Because all the SSCs are orthogonal to each other and to the PSC, the detection performance of the second stage of the cell search will not depend on the particular choice of the Code Sets. However, because the PSC will be correlated using a matcher filter approach over the entire frame, every possible relative displacement of the PSC-pattern against the SSCs has to be considered, i.e. the entire CCF has to be examined, orthogonality at a given time offset is not sufficient. 

Experience gained during previous of PSC optimisations shows, that it is not so much the RMS value of the CCF which is important, but the peak of the CCF. The reason for this behaviour is that typically the PSC search has to be performed as quickly as possible for the following reasons:

· The PSC correlation requires both the receiver frontend and the digital baseband part to operate continuously and at a high processing load, so battery saving requires that PSC scanning time is kept to a minimum.

· During initial cell search the local oscillator is not yet calibrated using the signal received from the Node B, but has typically an extended frequency error. While the PSC is designed to give good correlation results also under high frequency error [3], [4], an accumulation of the results over an extended time period is not possible, because the time base of the UE will drift as compared to the Node B transmission, this will mean that the signal cannot be accumulated over a longer time to increase the SNR. 

· A candidate peak of the PSC search will immediately be verified by running the second stage and eventually the third stage of the cell search at the frame timing indicated by the peak, this is more efficient than running the PSC correlation and accumulation to exhaustion.

Concluding we can observe, that typically the PSC peak detection has to be done, when there is a significant noise contribution even after despreading and accumulation. Obviously, if there are cross correlations with the SSCs, those are not harmful if they  are below typical noise levels but will degrade the performance if they are above this level. The same behaviour can also be observed, if the noise level is below the crosscorrelations as shown in the next paragraph.

A more quantitative analytical analysis can be found in [3], the outcome is that the missed detection probability increases about exponentially with the size of CCF peaks. Therefore only the largest peaks contribute significantly to the error probability.

For this reason, when doing computer searches for good PSC sequences, the selection criterion always were the peak sidelobes, not the RMS value (the latter only served as kind of tie breaker in case there were several sequences with equal peak values). Obviously the same criterion should also be used when searching for optimum SSC Code Sets.

3 Optimum Code Sets

Fortunately, when applying the peak criterion as described above on the candidate SSCs from the Hadarmad set, we do not need to run extensive computer searches as we have already restricted the possible search space. We simply have to select the SSCs with the lowest peak CCF. Among those we combine the SSCs into Code Sets, so that the maximum of the peak CCF of the SSCs within every set becomes minimal. This selection process leads to the following selection of groups:

Code Set

CCF of SSC with PSC
Max peak CCF of entire Set of  SSC’s



Max peak
RMS




SSC5
67
9.93



1
SSC1
67
11.28
75


SSC3
75
12.58




SSC14
77
11.87



2
SSC10
77
11.24
79


SSC13
79
11.48




SSC12
79
11.62



3
SSC6
79
11.65
81


SSC0
81
10.49




SSC15
83
11.48



4
SSC8
83
12.10
89


SSC4
89
11.90











SSC11
99
10.46



unused
SSC7
99
12.91




SSC9
109
12.31




SSC2
111
12.13



Table 1: Optimally selected Code Sets showing max peak CCF values of each entire set.

4 Comparison with other possible SSC Code Set selections 

There are two other alternative Code Set selections, the selection proposed in [1] and the current definition in the current specification [5]. 

Table 2 summarises the maximum peak CCF values of each entire set for the proposal in [1] in the same format as shown in table 1. Similarly table 3 shows the same information for the current specification [5].

Code Set

CCF of SSC with PSC
Max peak CCF of entire Set of  SSC’s



Max peak
RMS



SSC5
67
9.93


1
SSC8
83
12.10
99


SSC11
99
10.46



SSC0
81
10.49


2
SSC1
67
11.28
83


SSC15
83
11.48



SSC12
79
11.62


3
SSC13
79
11.48
79


SSC14
77
11.87



SSC4
89
11.90


4
SSC6
79
11.65
89


SSC10
77
11.24









SSC2
111
12.13


unused
SSC3
75
12.58



SSC7
99
12.91



SSC9
109
12.31


Table 2: Previous proposal for Code Sets in [1] showing max peak CCF values of each entire set.

Code Set

CCF of SSC with PSC
Max peak CCF of entire Set of  SSC’s



Max peak
RMS



SSC0
81
10.49


1
SSC1
67
11.28
111


SSC2
111
12.13



SSC3
75
12.58


2
SSC4
89
11.90
89


SSC5
67
9.93



SSC6
79
11.65


3
SSC7
99
12.91
99


SSC8
83
12.10



SSC9
109
12.31


4
SSC10
77
11.24
109


SSC11
99
10.46









SSC12
79
11.62


unused
SSC13
79
11.48



SSC14
77
11.87



SSC15
83
11.48


Table 3: Presently defined Code Sets in [5] showing max peak CCF values of each entire set.

Table 4 summarises the max peak CCF values of each entire set for the various proposals, ordered from the worst set to the best set for easy comparison:

Max peak CCF of entire Set of  SSC’s



This Proposal
Proposal in [1]
current Specification







89
99
111













81
89
109













79
83
99













75
79
89







Table 4: maximum peak CCF values of each set of three SSCs in decreasing order for the three proposals.

It can be seen, that the selection of the current specification has the worst figures, the proposal in [1] has intermediate figures while the proposal in this contribution has been selected to have the best possible figures. Therefore this selection will also have the best performance figures and should therefore be implemented in the specification.

4 Proposal

As only 12 of the SSC’s out of 16 possible and available SSC’s are needed for building the 4 different Code Sets for Cell Search in UTRA TDD, we propose to choose the best selection of Code Sets as described in this contribution based on minimising the maximum peak CCF values of each entire set.

Specifically we propose to define the 4 Code Sets as:

Code Set 1: SSC1, SSC3, SSC5

Code Set 2: SSC10, SSC13, SSC14

Code Set 3: SSC0, SSC6, SSC12

Code Set 4: SSC4, SSC8, SSC15
This optimised choice of SSC’s for building the Code Sets for Cell Search in UTRA TDD is beneficial for Cell Search Step 1 performance and has no side effect onto Step 2 performance. Also, Cell Search complexity in UTRA TDD will remain unchanged, e.g. it will still be based on a length 16 Fast Hadamard Transform as it is now.
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