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1. Introduction

Nortel Networks’ proposal for a modified secondary synchronisation channel was introduced at WG1 meeting # 2 (February 22 - 25, 1999)in the contribution entitled “Synchronisation Channel with cyclic hierarchical sequences”, 3GPP RAN WG1 R1-99090. Due to time shortage very little time was devoted to the discussion on the proposal during the last WG1 plenary and it was decided to carry on the discussion in the framework of a newly created ad-hoc (ad-hoc 12) that was to deal with all new proposals for synchronisation channels, mainly the CPM proposal, Nortel Networks proposal and the newly introduced proposal from Siemens.

In this contribution we would like (1) to summarise again the key characteristics of our proposal, (2) analyse the discussion that took place on the reflector, (3) list the potential enhancements of our proposal and finally (4) propose an evaluation scheme in order to compare our proposal to the other schemes (3GPP proposal and CPM). 
2. Summary of the main characteristics of modified secondary synchronisation channel

Nortel Networks proposal consists in creating a new set of secondary synchronisation sequences. Each code group is assigned a 16 chip long sequence. From that sequence, 16 cyclic hierarchical sequences are created to be used for each of the 16 slots in the 10 ms frame. The sequence for slot i is obtained by spreading the assigned 16 chip sequence by a shifted version of itself, where the shift corresponds to i positions. This proposal replaces hence the comma free code principle, where the Secondary synchronisation sequence for each sot are taken among a set of 17 sequences, the index for the sequences be taken from a RS code. 

The main characteristics of our proposal are the following :

· The cross correlation between the PSC and SSC are improved

· The distance between the different SSC is improved which results improved performance of cell acquisition up to 1-2 dB at the second step.

· In most cases the sync Channel has better auto (cross) correlation properties. Only the cases 16 chips shift is causing high auto-correlation peaks

· The proposal has smaller requirements in terms of memory. Also the complexity is smaller .

3. Summary of the discussion on the e-mail reflector

3.1 PSC and SSC cross-correlation performance checking and impact on cell acquisition

· It was confirmed by the ad-hoc members that the cross-correlation (for shifts different from 0) between the PSC and the modified SSC are good (see e-mail from Nicolas Voyer). 

· It was understood that this brings some advantage in the multi-cell scenario when the PSC of one cell arrives shifted in time with respect to the SSC of another cell (see the –mail from Eiko Seidel). 

· It was commented that there is some flexibility in setting the timing of the different cells in order to make sure that this situation does not occur (see e-mail from Eiko and Eric Wang). We agree that some level of timing planning is needed in order to avoid also problems with overlapping of the PSC for different cells. However in the case a perfect timing planning was not achieve then our proposal would bring some advantage.

· Improving the cross correlation would also bring advantage in the case of a single cell environment with multi-path since the PSC would create less interference to the second stage of synchronisation. The simulation results show in [1] were concerned only with the second stage, with only one path simulated and no modelling of the PSC. The simulation could not therefore quantify the benefits of improved PSC-SSC cross correlation properties. 

3.2 Auto-correlation properties of the SSC based on cyclic hierarchical sequences

1) In the result of discussion in AH12 (cell search), one potential problem was identified when two multi-path components have approximately the same power and separated exactly 16 PN chips apart. It was anticipated by some ad-hoc members that performance can degrade because of this. 

2) In a previous e-mail, 

a) we explained that this scenario might happen in macro-cellular environment but with very low probability (much less than 1%). 

b) We also have shown that exist simple and effective identification of this scenario at the mobile station because code group will be chosen correctly but possible confusion between neighbouring slots will be dismissed at the 3rd step of the cell search (we simulated this possibility in details: very simple and effective). There also other simple approaches to address this issue (please see our previous e-mail March 8, 1999 and section 4 of this contribution).

3.3 Cross-correlation of the SSC based on cyclic hierarchical sequences

It was agreed by some ad-hoc members (Texas Instrument in particular) that the cyclic hierarchical sequences allow to improve the cross-correlation of the SSC due to an increase in the distance of between the codes. The e-mail from Texas dated March 4th indicated : the Nortel Stage 2 code words have a distance of 8 whereas the RS code words in the comma free code approach have distance 6. If 16 slots are used for stage 2 however, the Nortel code distance becomes 16, and the comma free code distance becomes 14.   

Whatever the number of slots considered the distance between codes in the cyclic hierarchical sequence vs. the comma free codes based 3GPP scheme is always better, the difference though decreasing as the number of slot increases. 

3.4 Identified potential problems with the 3GPP proposal

While analysis the performance of the SSC based on cyclic hierarchical sequences, we computed the aperiodic cross correlation of the 3GPP SSC sequences for comparison purposes. The results of Nortel Networks ‘ studies as indicated in a previous e-mail( dated March 14th ) are the following : 

There are also large aperiodic cross-correlation values between the Hadamard-based Secondary Synchronisation Codes.  The peaks can have values going as high as 70% of the peak of the auto-correlation function and they have a periodic structure. The reference e-mail provided examples of codes and positions for which high correlation peaks can be found. 

We believe that the evaluation of the 3GPP sequences may not have been conducted in conditions for which these high aperiodic cross correlation peaks would create adverse effect. However we believe that their effect should be properly accounted for verification purposes. 

3.5 Scalability

· It was commented by Ericsson ‘e-mail from Eric Wang) that the cyclic hierarchical based sequence did not provide scalability. Indeed the number of code groups could not be increased since only 32 sequences were available.

· In an e-mail (March 3rd) we commented that more than 32 sequences were available, although not discussed in [1]. Our studies should that 48 codes providing good performance were available. So scalability is not a problem.

3.6 Complexity of the SSC based on cyclic hierarchical sequences

The CPM and 3GPP proposal have been compared in terms of complexity in many e-mails over the reflector. Complexity was evaluated taking into account 1st and 2nd step, including the duty factor. For our proposal we have not provided a similar analysis. Reference [1] compared in a relative manor our proposal to the Comma Free proposal looking at only the second stage since the first stage is assumed identical to that of 3GPP. We will provide an analysis under similar assumptions as 3GPP. 

4. Further optimisation possibilities

Although we believe that the poor auto-correlation properties of our proposal for SSC for shifts equal to 16 chips are not so problematic (see section 3.2), we are currently investigating several optimisation schemes in order to remove this problem :

1) Symbol level scrambling between  SSC's codes (cyclic hierarchical sequences)  of different pairs  code group/slot locations. This was already mentioned in an earlier e-mail (dated March 3rd)

2) Another simple modification consists in transmitting the PSC every other slots and the SSC every other slot. In this case, the power allocated to the Synch Channel would be allocated either in PSC or to the SSC, leading to a doubling of  power of PSC (SSC), assuming that the reference case corresponds to an equal distribution of power between the PSC and SSC. 

In this second case of optimisation, the 16 chips problem will be solved automatically. Indeed 1 frame is skipped every second SSC. Complexity will be further reduced. If we were to remove the "requirement" for coherent detection (we feel that coherent detection is not very effective in real multi-path environment because channel estimation is not very reliable) in case of many paths, we might even improve performance. Indeed for this second optimisation scheme, a case non-coherent detection is more effective because signal to noise ratio will be doubled as in the CPM scheme. 

Preliminary results with this modification are very promising and we are expecting significant increasing of acquisition performance. Complete simulation results should be provided soon in order to validate the initial proposal contained in [1] and its optimisation schemes. 

5. Proposal for further work

5.1 Introduction

Most of the work in the ad-hoc consisted so far in comparing the 3GPP scheme and the CPM proposal and bringing some clarification on the Nortel Networks proposal. 

Given that results shown by the proponents of CPM and 3GPP contradicted each other, it was decided to compare the two schemes on a equal basis, using a common set of simulation assumptions. We understand that the discussion led to the decision that link level simulation should first be conducted. System level simulations might be done at a later stage, however it was not clear whether these were needed.  In terms of propagation model 1 path and 4 path models were agreed and velocities of 3 km/h and 60km/h were to be simulated. Regarding the simulations there was also a long debate on which parameters should be taken for the 1st, 2step and 3step, 5/10/5 ms or 10/20/10 for CPM and 30/20/10 for the 3GPP. 

Since our proposal can be viewed as a small modification of the 3GPP proposal aiming at improving the second step, it could be understood that our proposal comes into the discussion only of the 3GPP scheme gets confirmed. Since we believe that our proposal gets significant performance improvement over the 3GPP scheme for the 2nd step, it should still be further discussed even if the CPM proposal was selected based on the started comparison phase.  

5.2 Proposal for further evaluation

In order to move forward we would like to simulate our proposal under the same conditions as the CPM and 3GPP schemes are currently being simulated, where the 1st and 2nd steps are jointly taken into account. We would like to add some new simulation cases that would allow to validate the 3GPP scheme and possibly the CPM schemes for conditions that we will experience in a real environment and that might not have been accounted for so far. 

5.2.1. Multi-cell vs. single cell scenario

As was discussed in the ad-hoc 12 for CPM proposal, we also believe that a multi-cell scenario should be simulated. Indeed the interference can not systematically be simulated as pure gaussian noise. Also the target cell search case should be evaluated in addition to the initial cell search. However contrary to what seems to have been assumed, the initial search cell does not stop when the strongest cell is found, since that strongest might not be an acceptable cell for some various reasons (e.g. it does not belong to the home PLMN). In our opinion only the multi-cell case can allow to simulate the target cell search. Understanding that the simulation time is short before the next WG1 meeting, we understand that the initial cell search might be the first case to look at.However we believe that after that the target cell search should also be evaluated. 

Details for the multi-cell scenarios are still to be agreed. 

5.2.2. Propagation model

Two cases have been agreed in ad-hoc 12 for CPM : one path Rayleigh fading and 4 paths, whereas 6 paths for the Vehicular had been initially taken into account by TTA for CPM. It should be checked whether the 4 paths case and its associated delays can account for the different cases. Our proposal had been questioned due to its bad correlation for 16 chips shifts. We also identified potential problems with the 3GPP scheme for 8 and 4 chips. If relevant settings of the different delays should allow to test the impact of these high cross-correlation peaks.

As far as the velocities are concerned, two values were agreed : 3km/h and 60 km/h. We would like the extreme case of 500 km/h also to be tested. Indeed in the rural environment such high speed will be encountered. 

6. Conclusion

We are currently performing simulation taking into account the first and second step of cell acquisition with simulation assumption in line with those agreed in the framework of the CPM vs. 3GPP comparison. We should be able to provide some results soon and will make them available in the reflector between now and the next meeting. These results allow a fair comparison with the currently discussed schemes (3GPP and CPM). We will be also providing a complete study of the complexity and memory requirement in the same manor as was done for CPM and 3GPP. 

We however believe that other cases should be taken into in order to provide a full picture of the relative performance between the proposal; these correspond to high vehicular speed, multi-path  and finally system level simulations in addition to link level simulations. We would like the ad-hoc 12 to consider these new cases so that the 3GPP and CPM schemes are also evaluated under those conditions. 
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