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1. Introduction
In RAN1 #78 meeting, the following agreements were reached regarding PD2DSS design [1]:
Agreements:
· For PD2DSS,

· Sequence:
· New root indices
· FFS: Detailed root indices
· Waveform:

· SC-FDM without DFT-precoding

· Number of symbols in a subframe is 2

There are several factors in root selection for the ZC-based synchronization signal, e.g. good Auto/Cross correlation, low CM, good resistance to frequency offset. In addition to the above mentioned factors, good cross-correlation with the UL RS is also important. 
2. PD2DSS Design
In LTE, both UL-DMRS and SRS are used ZC sequences. Furthermore, PD2DSS is transmitted on UL spectrum, so certain interference may exist between PD2DSS and DMRS/SRS. For example, UE1 transmits a PD2DSS sequence with the length of N in frequency position 1; UE2 transmits a DMRS/SRS sequence with the length of M in frequency position 2. When frequency position 1 and frequency position 2 overlap, the interference between DMRS/SRS and PD2DSS may not be negligible, leading to the reduced accuracy of the time/frequency synchronization and channel estimation. So it is important that the correlation between PD2DSS and LTE DMRS/SRS sequence should be kept as low as possible.
In RAN #78, due to the high cross-correlation with PSS, the root indices used for PSS were excluded and new root indices for PD2DSS were agreed. Figure 1 shows the cross-correlation between the candidate root index for PD2DSS using un-precoded SC-FDMA and Rel-8 PSS.
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Figure 1 Maximum cross-correlation between PD2DSS using un-precoded SC-FDMA and Rel-8 PSS
From figure 1, we can find that the maximum cross-correlation between PD2DSS and PSS is about 0.5. In the following we will find that, the cross-correlation between PD2DSS and some of the UL RS will exceed 0.5, which makes it important to take the cross-correlation with UL RS into account when choosing the root indices for PD2DSS.
2.1 Theoretical analysis 
In Rel-8, the UL DMRS/SRS  are grouped into 30 groups, and the criterion for sequence grouping is that sequences with relative high cross-correlation should be group into a same group, which is helpful to alleviate the interference between neighbour cells. According to the current working assumption, root indices of PD2DSS (p) should be chosen from the set {1, 2, 4, 5, 8, 10, 11, 13, 16, 17, 19, 20, 22, 23, 26, 31, 32, 37, 38, 40, 41, 43, 44, 46, 47, 50, 52, 53, 55, 58, 59, 61, 62}. In [2], an empirical was provided to serve as a guideline for sequence selection. The criterion is the cross-correlation and the results are shown in Table-1. That is to say, a “good root index of PD2DSS (p)” would be the values that are absent in Table-1, for example, 11, 17, 40, etc. Of course, the final selection should take all other factors such as CM, undesired peak due to FO into account. It should be noted the same reference length N of UL RS as Rel-8 in Table-1 is assumed (N=31).
Table-1: Root index of PD2DSS (p) sequence caused high correlation with UL DMRS (q)
	(q, p)
	(q, p)
	(q, p)
	(q, p)
	(q, p)

	(1,2)
	(7,13)
	(13.26)
	(19,38)
	(25,50)

	(2,4)
	(8,16)
	(14,26)
	(20,41)
	(26,53)

	(3,5)
	(9,19)
	(15,31)
	(21,43)
	(27,55)

	(4,8)
	(10,20)
	(16,32)
	(22,44)
	(28,58)

	(5,10)
	(11,22)
	(17,37)
	(23,47)
	(29,59)

	(6,13)
	(12,23)
	(18,37)
	(24,50)
	(30,61)


2.2 Simulation evaluation 

While Table 1 can help to avoid choosing those root indices that may be highly correlated with UL DMRS, the empirical equation may not exactly reflect the cross-correlation mechanism in the context of PD2DSS. So in this section, we resort to the simulations to more accurately evaluate the cross-correlation between the candidate root sequences of PD2DSS and UL DMRS with different RBs. For example, for the UL DMRS with 1RB and 2RBs, different RB locations are considered, which is illustrated in Figure 2.
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Figure 2 Examples of different RB locations of UL DMRS

Cross-correlations are calculated for all possible RB locations which partial or full overlap with PD2DSS and for all possible cyclic shifts. Cross-correlation of 3~12 RB allocations are calculated in the same way. Figure 3 shows the max cross-correlation between each candidate PD2DSS sequence and the UL DMRS over all possible RB locations and cyclic shifts for RB allocations from 1RB to 6RBs. Other simulation results for larger DMRS RB allocation and SRS are shown in the Appendix, from which we can observe:

· The dominant high cross-correlations occur when UL DMRS spans from 1 to 6 RBs, due to the 6-RB bandwidth of PD2DSS. Therefore in the following analysis, we only consider the cross-correlation between PD2DSS and DMRS with 1~6RBs.
· The absent root indices of PD2DSS (p) from Table 1 show low cross-correlation with DM-DS, which is consistent with the general trend in simulation results.
· Some indices in Table 1 such as 5, 23, 38, also exhibit low cross-correlation with DM-DS, thus providing more candidates to select from.
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Figure 3 Cross-correlation between PD2DSS and UL RS

Root sequences with relative low cross-correlation are picked from candidate sequences, as shown in Table 2. Considering the root conjugate property to reduce the receiver’s complexity, pairs of (5, 58), (11, 52), (17, 46) and (23, 40) are attractive. And considering the sensitivity due to frequency offset and the CM property (see details in Appendix), sequence with root index p = 23 and p = 40 seem most suitable.  If a third sequence is needed, p = 38 is also recommended.
Table 2 Different evaluation metrics for candidate root indices
	p
	Max-Corr with UL RS (1~6RBs)
	CM
	Max-undesired peak due to FO

	52
	0.3935
	2.202
	0.5745

	5
	0.4205
	3.6909
	0.6853

	46
	0.4209
	2.5832
	0.4212

	17
	0.4225
	2.5832
	0.4447

	58
	0.4291
	3.6909
	0.6853

	20
	0.431
	2.5606
	0.379

	23
	0.4347
	1.8953
	0.3162

	11
	0.4366
	2.202
	0.5867

	38
	0.4409
	1.2935
	0.2724

	40
	0.4423
	1.8953
	0.3147


3. Conclusion
In this contribution, cross-correlation between PD2DSS and UL RS including DMRS and SRS are considered. And from the simulation results, we recommend 
· Root indices of p = 23 and p = 40 for PD2DSS. 
· If another sequence is needed, p = 38 is also a good choice.
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Figure A1 Cross-correlation between PD2DSS and UL RS, 1~12 RBs.
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Figure A2 Cross-correlation between PD2DSS and UL RS, between PD2DSS and SRS
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Figure A3 Frequency offset sensitivity.
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Figure A4 CM of PD2DSS with different root indices.
Table A1 cross-correlation between the proposoed PD2DSS 

	Root index
	23
	38
	40

	23
	1
	0.2378
	0.2654

	38
	-
	1
	0.2154

	40
	-
	-
	1
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