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Summary 


Document TSGW1#3(99)138 has proposed the use of differential encoding for the RACH signature to improve performance of preamble detection in high Doppler.  Documents 139, and 140 have provided additional performance results. Three responses have raised issues.





Ericsson has stated, informally in e-mail exchange, concerns that the performance results of Tdocs 138. 139,140 appear to be in conflict with its analyses; e.g. SMG1 L1 Tdoc 670/98.


Nortel has identified pros and cons, and has judged that the cons outweigh the pros.


Motorola has suggested partially coherent detection on the original waveforms to solve the Doppler problem.





This document addresses these issues and restates the proposal in the context of the suggestions..





Ericsson Comments


Concern:


Ericsson identifies inconsistencies between its simulation results (Tdoc 670/98) and Document 140/99.  Document 140/99 shows an error floor for coherent detection; e.g. 7 % probability of error in signature selection, even at high SNR.  Ericsson believes that its simulations do not show this.





Response


The motivation for the proposed new signatures was developed independently of that error floor; it was first proposed based on an ideal channel model.


Resolution of the error floor issue requires in-depth discussion on the ITU channel model and should be taken “off-line.  


Far more significantly, the figure 3 of Ericsson’s Tdoc 670/98 is very much in agreement with our claims.  There is indeed a 2 dB detection loss at 120 km/hr.  We predict that simulations at 150,200,250 km/hr will show very large additional loss.





Nortel’s Concerns/Cons


Quoting Nortel’s contribution:





The differential decoding results in a 3dB degradation at low speeds compared to coherent detection.


The 3dB loss for proposed signatures at low speed can not be compensated, while some techniques for Doppler effect correction are available to cope with high speed UEs.


The users distribution is viewed as being mainly low mobility users. Thus the 3dB degradation would affect a majority of users, while providing improvement to a minority of users.


The proposed sequences will degrade the orthogonality of the RACH preamble signatures. The inter-correlation properties of the proposed signatures are a lot worse than the ones in the current RACH description. Some curves on these inter-correlation properties are provided hereafter. These curves show the inter-correlation of each signature with all the others including itself. The red straight-lined curves use the proposed differential coded signatures while the blue dashed-lined curves use the current coherent coded signatures.


In the differential detection scheme, the first symbol will be badly detected, thus if we do not consider increasing the number of signature symbols to seventeen, only fifteen reliable symbols will be available for signature determination.


Nortel identified, and then objected to a dual mode concept “Regarding the degradation at low speed, it has been suggested to use coherent detection on the proposed signatures at low speed and differential detection at high speed”





Response


Each comment is addressed below.


The differential decoding results in a 3dB degradation at low speeds compared to coherent detection.





There is negligible degradation.  The concept, as suggested in several references, most notably Tdoc 670, is to set the preamble detection threshold to a relatively high value; e.g. 4.5 dB.  With this condition, both coherent detection and differential detection would be have virtually identical detection performance; passing through the desired point (p=0.5 @ SNR = 4.5 dB).  At this relatively high level, both would have very small errors in signature selection, and both would have insignificant false alarm rate against noise-only.  


See SMG2 L1 Tdoc 010/99.Results are repeated here.  





Threshold was preset for a target SNR of 3 dB 


False alarms in presence of noise were calculated.





For Differential Detection Pfa = 10-8


For Coherent Detection Pfa = 5 x 10-9


For  Envelope Summation Pfa =  2 x 10-8
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Figure 5 Probability of Failed Detection with ITU Channel Model





The 3dB loss for proposed signatures at low speed can not be compensated, while some techniques for Doppler effect correction are available to cope with high speed UEs.


The users distribution is viewed as being mainly low mobility users. Thus the 3dB degradation would affect a majority of users, while providing improvement to a minority of users.





See the answer above; there is not a 3dB degradation at low speed.


The ITU requirement is for vehicles up to 500 Km/hr; not simply up to 120 Km/hr.








The proposed sequences will degrade the orthogonality of the RACH preamble signatures. The inter-correlation properties of the proposed signatures are a lot worse than the ones in the current RACH description. Some curves on these inter-correlation properties are provided hereafter. These curves show the inter-correlation of each signature with all the others including itself. The red straight-lined curves use the proposed differential coded signatures while the blue dashed-lined curves use the current coherent coded signatures.


We agree with Nortel’s calculations (see Tdoc 139)


These inter-correlation properties are relevant when performing coherent detection on the differentially encoded signatures


The interpretation of these results is that


The off-diagonal terms are not necessarily zero


These non-zero terms are still generally small


The net result is that the loss (at low Doppler)for using these signatures for coherent detection is on the order of only 0.3 dB. See Tdocs 620/98, 011/99.


The inter-correlation values when performing differential decoding are ideal; all cross correlation terms are zero.





In the differential detection scheme, the first symbol will be badly detected, thus if we do not consider increasing the number of signature symbols to seventeen, only fifteen reliable symbols will be available for signature determination.





The impact of having only 15 variable bits; not 16, is fully accounted for in the simulations.  If this has introduced a loss, it is evident in the simulation results.  There is no reason to increase the number of symbols to 17.


Because the original signatures have no coherent reference, they too only have 15 independent bits; without any loss in generality, the original signature set could be modified so that all signatures start with a positive A. (i.e., for those signatures that started with –A, multiply all terms by –1) 





Dual Mode Concept-coherent for low speed, differential detection for high speed


Nortel wrote:


“Regarding the degradation at low speed, it has been suggested to use coherent detection on the proposed signatures at low speed and differential detection at high speed. However, this would mean having two detectors in the BTS which increases significantly the complexity.  Moreover, which detector should be used at each instant? It would depend on the Ms speed. But this speed is not known to the BTS in a straight forward way. It is unlikely that the Ms could determine its own speed and inform the BTS. Estimating the Ms speed at  the BTS is of the same order of complexity than the algorithms to cope with Doppler at high speed. Thus this approach does not seem to be a solution”.  





We do not propose this concept.  


We agree with Nortel that this is not a practical solution.


At our presentation of Tdoc 620/98, a different concept was suggested from the audience:


Microcells could employ coherent detection 


Larger Cells could employ differential detection


As simulations have shown, the loss to coherent detection due to non-ideal signatures is only 0.3 dB


This  concept requires no impact on UE and permits each base station to optimize its receiver processor.





Motorola’s Suggestion


Motorola has asked us to evaluate a hybrid detection on the original signature set. 


Response


We have simulated a hybrid detection approach:


Coherently integrate four groups of four symbols each


Noncoherently combine these four outputs





See Tdocs 139 and 140.  Tdoc 139 gives the cross correlation properties for this approach.  Tdoc 140 gives comparative results for coherent detection, hybrid detection, and differential detection.





The hybrid approach is a significant improvement over coherent detection for high Doppler.


Differential detection is  superior to hybrid detection by several dB at high Doppler and equivalent to hybrid detection at low Doppler.





Conclusion.


This contribution has addressed all identified concerns.


Using a preset threshold (e.g.: 3 or 4.5 dB) differential detection suffers no penalty compared to coherent detection; even at low Doppler.


Our analysis shows a real problem for coherent processing at high Doppler


An independent analysis is needed to verify the performance claims


We recommend an in depth discussion on models, assumptions, and processing algorithms to resolve error floor issues.


