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1. Introduction
RAN#36 has approved a work item on MBSFN DOB ‎[1]. In following RAN1#51 meeting in Athens, a set of DOB CRs ‎[2]-‎[4] was presented and discussed. In these discussions, one company raised concern about deploying DOB in TDD bands since it should cause longer cell search time for legacy TD-CDMA terminals. Although we don't think that the DOB proposal presented in Athens will cause any noticeable additional cell search time for legacy TD-CDMA terminals, we here present an alternative primary synchronization code (PSC) for DOB. This PSC will remove any potential impact on the legacy terminals cell search behaviour and at the same time preserve the DOB cell search performance obtained with existing PSC. In fact, a cell with this alternative PSC will not be seen by any UTRA legacy terminal.
The alternative PSC is constructed to be orthogonal to both the primary and secondary synchronization codes defined in ‎[5], and is thus also orthogonal to the SCH codes defined in subclause 7.1 in ‎[6].  Furthermore, it is chosen to have good aperiodic auto correlation properties as well as low aperiodic cross correlations with the existing PSC.
2. Alternative PSC for DOB
The alternative PSC of length 256 chips, here referred to as Cpsc, new, is constructed from two constituent sequences x1,new and x2,new, each of length 16 chips, by using the following formula:


y(i) = x2,new(i mod 16) ( x1,new(i div 16), i = 0 ... 255.





(1)

Cpsc,new = (1 + j) ( <y(0), y(1), ..., y(255)>.
The constituent sequence x1,new is chosen as a Golay complementary sequence to the corresponding constituent sequence x1 associated with the existing PSC. The complementary sequence to x1 is


x1,new = <1, 1,  -1, 1, -1, 1, 1, 1, 1, 1, -1, 1, 1, -1, -1, -1>.
The constituent sequence x2,new in the formula above is orthogonal to the constituent sequence x2  (i.e. the 16 chips long sequence a defined in subclause 7.1 in ‎[6]) used to generate generalized hierarchical Golay sequences in ‎[5]

 REF _Ref187398108 \r \h 
‎[6]. Furthermore, the constituent sequence x2,new in the formula above is also orthogonal to the constituent sequence  b  defined in subclause 7.1 in ‎[6], used to generate the secondary SCH codes.
In appendix A, a set of 16 x2,new candidate sequences that can be used to construct Cpsc, new, and thus fulfill the above mentioned orthogonal requirements, are given. The preferred one is

x2,new  = <1, -1, -1, 1, 1, -1, 1, -1, 1, 1, -1, -1, 1, 1, 1, 1>,
as this sequence will have the smallest sidelobes in its cross correlations with the existing PSC. Using the two above constituent sequences x1,new and x2,new in formula (1), we obtain
a’ = x2,new  = <1, -1, -1, 1, 1, -1, 1, -1, 1, 1, -1, -1, 1, 1, 1, 1>,
Cpsc,new = (1 + j) ( <a’, a’, -a’, a’, -a’, a’, a’, a’, a’, a’, -a’, a’, a’, -a’, -a’, -a’>.
The leftmost chip in the sequence corresponds to the chip transmitted first in time.
3. Correlation properties of the PSC
The autocorrelations of the existing PSC and Cpsc,new , here referred to as PSCDOB, as well as the cross correlation between them are depicted in Figure 1and Figure 2. As can be seen in the figures, the PSCDOB has low aperiodic cross correlation with the existing PSC and their autocorrelations are similar. Thus, with high probability a legacy UTRA terminal will not see a DOB cell using PSCDOB.
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Figure 1 The autocorrelation of the existing PSC and its cross correlation with the proposed PSC for DOB.

[image: image2.png]300 T T

T
—— DOB autocorrelations
PSC and PSC_, ; crosscorrelations

250 - B

200 B

150 - B

100+ B

-100 1 1 1 1 1 1 1 1 1 I
0 50 100 150 200 250 300 350 400 450 500




Figure 2  The autocorrelation of the proposed PSC for DOB and its crosscorrelation with the existing PSC.

4.  Stage 1 initial cell search performance
In this section, we investigate by simulations the probability of not find the slot boundaries in a DOB cell, i.e. a cell using the sequence Cpsc,new described in section 2, when performing a first stage cell search. Of particular interest here is to verify that a legacy TDD 3.84Mcps terminal with probability one will not find the slot boundary, which should be the consequence of using an orthogonal PSC to the existing SCH codes.  
The simulation setup corresponds to an AWGN channel, with varying Ior/Ioc and carrier frequency offsets within the interval of +/- 10 kHz. The single antenna receivers simply use a matched filter to locate the timing of the PSC (or PSCDOB) sequence. In order to handle rather large initial carrier frequency offsets only 64 chips are coherently combined. (See ‎[7] for details).
The simulation results are shown in Table 2 to Table 4 for SCH power allocations of Ec/Ior = -11dB for DOB and FDD cells and of Ec/Ior = -6dB for TDD 3.84 Mcps cells. From these results, we draw the conclusions that legacy TDD 3.84 Mcps terminals will fail to slot synchronize to a DOB cell and that a DOB capable terminal will fail to slot synchronize to a TDD 3.84 Mcps cell. Furthermore, it can also be concluded by comparing column 2 in Table 1and Table 2 that the overall cell search performance of a DOB receiver accessing a DOB cell will be similar to an FDD receiver accessing an FDD cell.
Table 2 Probability of not finding the slot boundary in a DOB cell, obtained via simulations
	DOB cell (PSCDOB)

	Ior/Ioc [dB]
	DOB receiver (PSCDOB)
	FDD receiver
	TDD 3.84 Mcps receiver

	-6
	0.5425
	0.9998
	1.0000

	-3
	0.0748
	1.0000
	1.0000

	0
	0.0014
	1.0000
	1.0000

	3
	0.0000
	1.0000
	1.0000

	6
	0.0000
	1.0000
	1.0000


Table 3 Probability of not finding the slot boundary in an FDD cell, obtained via simulations
	FDD cell

	Ior/Ioc [dB]
	FDD receiver
	DOB receiver (PSCDOB)

	-6
	0.5757
	0.9998

	-3
	0.0772
	0.9998

	0
	0.0010
	1.0000

	3
	0.0000
	1.0000

	6
	0.0000
	1.0000


Table 4 Probability of not finding the slot boundary in an TDD 3.84 Mcps cell, obtained via simulations
	TDD 3.84 Mcps cell (SCH; Case 1)

	Ior/Ioc [dB]
	FDD receiver
	DOB receiver (PSCDOB)

	-6
	0.9112
	1.0000

	-3
	0.5515
	1.0000

	0
	0.1430
	1.0000

	3
	0.0156
	1.0000

	6
	0.0000
	1.0000


5. Conclusion
An alternative PSC for MBSFN DOB, with good aperiodic autocorrelation properties and low cross correlation with the PSC used in FDD and TD-CDMA 3.84 Mcps, has been presented and evaluated. Simulations demonstrated the desired performance of the alternative PSC of being orthogonal to existing synchronization codes. We propose to use this PSC in DOB cells if existing PSC is not acceptable.
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7. Appendix A
A list of candidate sequences for x2,new  are given in Table 5 below.
Table 5 Constituent sequences x2,new with desired orthogonal properties.
	
	x2,new

	1
	<1, -1, 1, -1, 1, -1, -1, 1, 1, 1, 1, 1, 1, 1, -1, -1>

	2
	<1, 1, -1, -1, 1, 1, 1, 1, 1, -1, -1, 1, 1, -1, 1, -1>

	3
	<1, -1, -1, 1, 1, -1, 1, -1, 1, 1, -1, -1, 1, 1, 1, 1>

	4
	<1, 1, 1, 1, -1, -1, 1, 1, 1, -1, 1, -1, -1, 1, 1, -1>

	5
	<1, -1, 1, -1, -1, 1, 1, -1, 1, 1, 1, 1, -1, -1, 1, 1>

	6
	<1, 1, -1, -1, -1, -1, -1, -1, 1, -1, -1, 1, -1, 1, -1, 1>

	7
	<1, -1, -1,  1, -1,  1, -1,  1,  1,  1, -1, -1, -1, -1, -1, -1>

	8
	<1, -1,  1, -1,  1, -1, -1,  1, -1, -1, -1, -1, -1, -1,  1,  1>

	9
	<1,  1, -1, -1,  1,  1,  1,  1, -1,  1,  1, -1, -1,  1, -1,  1>

	10
	<1, -1, -1,  1,  1, -1,  1, -1, -1, -1,  1,  1, -1, -1, -1, -1>

	11
	<1,  1,  1,  1, -1, -1,  1,  1, -1,  1, -1,  1,  1, -1, -1,  1>

	12
	<1, -1,  1, -1, -1,  1,  1, -1, -1, -1, -1, -1,  1,  1, -1, -1>

	13
	<1,  1, -1, -1, -1, -1, -1, -1, -1,  1,  1, -1,  1, -1,  1, -1>

	14
	<1, -1, -1,  1, -1,  1, -1,  1, -1, -1,  1,  1,  1,  1,  1,  1> 





































































































