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1
Introduction

Zadoff-Chu (ZC) based sequence is widely used in LTE. It has been recognized by many companies, e.g., [1]-[4], that high correlation exists between Chu sequences with different lengths in the uplink. 
During the last RAN1 meeting, the decision was made that primary synchronization codes (PSC) are ZC based.

In this contribution, we raise the issue of using ZC sequence in both uplink and downlink. Even with a limited set of results (See Appendix), we show that   
· There exists high correlation values between uplink and downlink ZC sequences with different lengths 
· The high correlation value is an issue for the initial cell search in TDD systems 
Note that the analyses from [1]- [4] also apply here.
2
Analysis
 Zadoff-Chu (ZC) based sequence may be used in:   

· Uplink 

· Physical uplink control channel (PUCCH)

· ACK/NACK user multiplexing (frequency domain CDM using ZC)

· Each user is assigned a different cyclic shift of a base ZC sequence in each OFDM symbol

· length 12 sequence is used 

· The sequence is either cyclic extension or truncation of ZC sequence 

· CQI (TBD)

· ZC sequence is considered as the candidate 

· Uplink  reference signal (DM RS) (working assumption)  

· Sequence length is 12*K where K is the number of resource block assigned to an UE and
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12*K has the following constraint

· The sequence is either cyclic extension or truncation of ZC sequence (based on  the closest prime number relative  to 12*K) 
· Random access channel (working assumption)

· ZC sequence with length ~800

· All root indexes may be needed to increase the reuse factor of RACH

· Tone spacing :  1.25KHz  

· Broadband sounding signal (BPICH) 

· Sounding bandwidth is TBD

· Downlink (current working assumption)
· Three different ZC based  sequences for PSC
· ZC Sequence length may be

· 63, 64 or 65

· 71 or 73
During initial cell search, UE need to search the centre frequency at a resolution of 100 kHz. Thus, in TDD systems, uplink transmissions of RS or PUCCH or RACH of nearby UEs could yield high correlation values at the UE searcher. This issue has not been considered so far and seriously impacts the initial cell search performance in TDD systems. 

The high correlation may occur for the following sequenced lengths:
· 12
· Single RB ACK or CQI  (may be less concern  due to short length)
· 12*K where K=1,2,…depending on the system bandwidth

· Any segment of  DM RS  with  assignment larger than 6 RBs
· Multiple ACK/NACK RBs or CQI RBs

· Any segment of RACH signal

· Any combinations of different segments of DM RS, ACK/NACK, CQI or RACH

The correlation becomes worse due to 

· Different distances between the interfering UEs and Node B

· Near-far problem

We may want to reserve certain ZC sequences for downlink, i.e., all ZC sequences having high correlation values with downlink PSC ZC sequences should not be used for uplink. This is unlikely a good solution given all possible collision lengths we listed above and the possible signalling overheads we may have.
While it is possible to reduce the high correlation value between different ZC sequences in the uplink by using 

· Sequence planning

· Sequence hopping

This does not solve the downlink acquisition issue since UEs may be located anywhere in the system. 

3
Conclusions
Based on the analysis, we recommend the group to consider how to address the concerns raised in this contribution regarding initial cell search performance in TDD systems. 
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Appendix

We show numerical evaluations of cross-correlations between different ZC sequences. The assumptions are:

· The correlation value in the Y axis is normalized with respect to the maximum desired correlation value , i.e., squaring of downlink ZC sequence length

· Normalized correlation value below -6 dB are not shown
· Both periodic and a-periodic correlation are taken into account

· Zero frequency offset is assumed
 Note that those very limited set of results have already demonstrated that high correlation values between ZC sequences   with different lengths.  We should emphasize that
· Length 71 or 73 should not be  used for downlink since it produces very high correlation with uplink demodulation reference signal (DM RS) with assignment 6 RBs 
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Figure 1: Downlink Sequence length 64 (root index 31) and 
uplink sequence length 61

[image: image2]
Figure 2: Downlink Sequence length 64 and
 uplink sequence length 73
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Figure 3: Downlink Sequence length 64 (root index 1) and
 uplink sequence length 61
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Figure 4: Downlink Sequence length 71 and 
uplink sequence length 71

[image: image5.png][DL SeqLen=71 DL Root index =1] [UL Seq Len=7
0 ‘ : ‘ : ‘

3 UL Root index=1]

Max Corr Value (dB)

Cyclic shift

80




Figure 5: Downlink Sequence length 71 and 
uplink sequence length 73
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