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1. Introduction

It was agreed at RAN1#46 meeting that the use of Zadoff-Chu (ZC) sequence for UL reference signal (RS) is a working assumption. ZC sequences have good auto- and cross-correlation properties when the sequence length is a prime. The size of UL resource block (i.e. the number of sub-carriers of UL RB), N, is an even number. There exist differences in size between ZC RS and RB. This difference in size causes a problem of demodulation performance degradation when continuous demodulation (DM) ZC RS is mapped into an allocated RB. To resolve the problem, how to generate ZC RS sequences has been discussed. And several approaches to the generation of DM ZC RS sequences were proposed in the past RAN1 meetings.

    The approaches are:

          #1  use of ZC sequences with prime length(<N)

          #2  use of ZC sequences with length N

          #3  frequency-domain truncation of prime-length(>N) ZC sequences

And we presented another approach, frequency-domain cyclic copy of the beginning part of prime-length ZC(<N) sequence, over e-mail reflector prior to this Sorrento meeting.

In this contribution, cubic metric and correlation properties of RS sequences based on the approaches above-mentioned are compared.

2. UL RS sequences
   Figure 1 shows the four approaches to the generation of UL DM ZC RS sequences. In this figure, the size of allocated RB is 12, assuming the smallest RB of Long Block-only UL sub-frame format.
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Figure 1  Four approaches to 12-long DM ZC RS sequence generation  (RS centering is a subset of RS#a)

Figure 2 shows how to generate the 12-long ZC RS sequences. (Instead of use of S/P-IFFT chain, the sequences can be generated using DFT-IFFT chain.)  For simpler implementation, the use of S/P-IFFT chain is favoured.
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Figure 2  12-long ZC RS generation

3. Cubic metric (CM) property

Figure 3 shows cubic metrics of the four types of 12-long ZC RS.
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Figure 3  Raw cubic metrics of four types of 12-long RS

Table 1  Number of usable sequences in RB size of 12 (when no cyclic-shift in time domain is applied)
	
	RS #a

(prime)
	RS #b

(even-length ZC)
	RS #c
(cyclic copy)
	RS #d

(truncation)

	Number of usable sequences(*)
	10
	4
	10
	12

	Number of sequences

with lower raw CM than 16QAM
	10
	2
	10
	10

	Number of sequences

with raw CM of <4dB
	6
	2
	10
	6

	Number of sequences

with lower raw CM than QPSK
	4
	2
	6
	6


      The number of usable sequences(*) are derived using Totient function.

      　For RS #b, 12x(1-1/2)x(1-1/3) = 4.    4 12-long ZC with sequence index of 1, 5, 7 or 11 are usable. (Only 1, 5, 7 and 11 are relatively prime to 12.)  
Table 2   Number of usable sequences in RB size of 24 (when no cyclic-shift in time domain is applied)
	
	RS #a
	RS #b
	RS #c
	RS #d

	Number of Sequences
	22
	8
	22
	28

	Number of Sequences

with lower raw CM than 16QAM
	20
	8
	22
	24

	Number of Sequences

with raw CM of <4dB
	14
	4
	16
	10

	Number of Sequences

with lower raw CM than QPSK
	12
	4
	12
	8


Table 3  Number of usable sequences in RB size of 36 (when no cyclic-shift in time domain is applied)
	
	RS #a
	RS #b
	RS #c
	RS #d

	Number of Sequences
	30
	12
	30
	36

	Number of Sequences

with lower raw CM than 16QAM
	26
	10
	30
	32

	Number of Sequences

with raw CM of <4dB
	20
	6
	30
	20

	Number of Sequences

with lower raw CM than QPSK
	12
	5
	24
	18


4. Correlation property

    Some correlation properties for RS# a, RS#c and RS #d are shown in figures 5 through 7.

    The cross correlation shown were determined the way shown in Figure 4.
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Figure 4
The auto-correlation shown are for 12-long ZC RS sequence with sequence index of 1. And the cross correlation shown are for two 12-long ZC RS sequences with sequence index of 1 and 2.
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Figure 5 Auto- and cross- correlation properties of 12-long RS#a
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Figure 6  Auto- and cross- correlation properties of 12-long RS#c (“cyclic-copy” RS)
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Figure 7  Auto- and cross- correlation properties of 12-long RS#d (“truncation” RS)
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Figure 8 Cross-correlation property of RS# a and RS#c  
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Figure 9  Cross-correlation property of RS# c and RS#d

5. Summary

In this contribution, raw cubic metrics of four types of UL ZC RS sequences are compared. And correlation properties of three of the four types are briefly shown.

The findings are as follows:

  “Cyclic copy(or cyclically extension)” RS sequences have better cubic metric properties than the other three.

  There seems no significant difference in correlation properties amongst the three types of RS sequences.

6. Suggestion

For its low cubic metric properties, the use of “cyclic copy” RS structure is suggested. 

User-specific cyclic shift is done after IFFT in time domain as shown in figure 10.
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Figure 10
The cyclic-copy(or cyclically extension) concept can be applied to 24-long RS, 36-long RS,…..
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Figure 11
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Figure 12 
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