3GPP TSG-RAN WG 1 Meeting #50bis




R1-074374
Shanghai, China, Oct 8–12 2007

Agenda Item:
6.2.6
Source: 
Ericsson 
Title: 
Scrambling of the Secondary Synchronization Signal
Document for:
Discussion and Decision

1. Introduction
The current working assumption for the secondary synchronization signal, used for cell search stage 2, is as follows
1. From the secondary synchronization signal the frame timing as well as the cell group should be detected. Furthermore, 170 cell groups are assumed. 

2. The secondary synchronization signal consists of two short (length 31) m-sequence-based codes that are interleaved in the frequency domain (i.e. the two short codes are put on the sub-carriers alternatively, excluding the DC sub-carrier).
3. The first and second short code should be scrambled with a binary scrambling sequence depending on the primary synchronization signal. Furthermore, the scrambling sequence used for the second short code should correspond to the index of the first short code. A many-to-1 relation between the first short code and the scrambling sequence is not precluded.
In this paper we propose to swap the order of the secondary short codes in sync frame 0 and 5 for determination of the frame timing. This corresponds to “Option b” in the email discussion on synchronization channel design. The simulation results presented in this paper shows that the “swapping” approach gives lower cell ID detection time, compared to the “remapping” proposal in [2,3], especially for  lower geometries. We also show that it is sufficient to scramble the first and second short code with a scrambling sequence depending on the primary synchronization signal. The problem of double collisions, as was stated as a problem in [2,3], is easily solved using the agreed, see [4], cell search stage 3, i.e. verification of the cell ID by correlation to the reference symbols (RS). 

2. Determination of frame timing information
As agreed, the total number of hypothesis in LTE cell search stage 2 is assumed to be 170×2 (cell group × frame timing) = 340. 

To allow for detection of frame timing we propose the following which follows the principles presented in [1]. First, define S1 as the secondary synchronization signal symbol in sub-frame 0 and S2 as the secondary synchronization signal symbol in sub-frame 5. Each secondary synchronization signal, which occupies 62 sub-carriers, is split into two sub-sequences, each sub-sequence occupying 31 sub-carriers. Now define a short code pair [si , sj] where the indices (i,j) uniquely define a cell group. In order to be able to detect cell group as well as frame timing within one synchronization signal sub-frame, S1 and S2 need to be different but still include the same short code pair [si , sj]. One way to discriminate between the first and second synchronization signal sub-frame is to apply si on a first sub-carrier set and sj on a second sub-carrier set in S1 and vice versa in S2. The first and second sub-carrier set corresponds to odd (1,3,…,61) and even (2,4,..,62) sub-carriers respectively, see figure 1.  (Note: the DC-carrier should be excluded).
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Figure 1: The proposed secondary synchronization signal sub-carrier set allocation. The short code si (blue sub-carriers) are mapped on the even sub-carrier index in sub-frame 0 while on the odd sub-carrier index in sub-frame 5. The opposite holds for the short code  sj (red sub-carriers).  
With the above mentioned secondary synchronization signal design it is possible to detect the frame timing using only one secondary synchronization signal sub-frame. For instance, if a mobile terminal determines sj on the first sub-carrier set and  si on the second sub-carrier set in one secondary synchronization signal  symbol, the terminal knows not only the cell group but also which sub-frame was used for teh detected secondary synchronization signal transmission – and thus the frame timing. This method to detect the frame timing enforces the following design criteria on the secondary synchronization signal: If  [si , sj] is a valid short code pair for secondary synchronization signal S1 and [sj , si] for S2 then [sj , si] is an invalid combination for S1 (and thus [sj , si] for S1). With L short codes it is therefore possible to encode L·(L-1)/2 hypothesis.

Utilizing the above, 170 secondary synchronization sequences (hypothesis) need to be defined. By using 19 M-based sequences of length 31, 19*18/2=171 unique cell groups can be defined. The reduction by 2 in set size is needed to allow unique frame timing detection from just one secondary synchronization occurrence. Hence, the mobile terminal only needs to correlate the first and second sub-carrier set to a total of 19 short codes.

3. Discussions on short code double collisions 

In [2,3] it was stated that the above frame timing mapping method gives a risk of “double collisions” of secondary synchronization short codes. By proper cell planning of the secondary synchronization short codes, the problem of double collisions can be avoided.  In order to avoid this problem in case double collisions anyway will happen different kind of scrambling code schemes for the secondary synchronization signal short code were proposed at the last RAN1 meeting. The problem using all these scrambling approaches is that the complexity of the cell search stage 2 increases significantly, mainly due to the need to test more hypothesis. However, we claim that the problem with double collisions could easily be solved by relying on the cell search stage 3, see [4].  Even if the cell ID within the cell group is already pointed out at CS stage 1 by the one-to-one mapping between the primary synchronization signal and the orthogonal RS code, the third stage can still be used as a verification step in the CS procedure.     

4. Simulation results

At the last RAN4 meeting it was agreed to simulate CS performance in a synchronized-cell as well as non-synchronized-cell cell scenario, see [5]. In the simulations presented below the UE have detected cell 1 and 2, from the same site and the aim is to detect cell 3 from another site, almost synchronized with cell 1 and 2. In [5] there was no agreement on the primary and secondary synchronization signals for the different cells. However in our simulations presented in Table 1 below we assume the following. Cell 1 has the primary synchronization sequence 2, while cell 2 and 3 has the same primary sequence 1. Furthermore, Cell 1 and 2 have common secondary short codes (Sa,Sb) however scrambled with different sequences, due to cell 1 and 2 have different primary sequence. Then Cell 3 either have different secondary short codes (Sc,Sd) or one short code in common with cell 1 and 2, i.e. (Sa,Sd). Finally, the RSs are then in turn scrambled with a scrambling code corresponding to the specific cell group i.e. all 3 cells have different scrambling on the RSs.  

Table 1: Cell parameters used in the simulations which basically follows the assumption in [5]. Test 1-5 corresponds to Cell 3 Ior/(Ior1+Ior2+Ioc)=-8,-7,…,-4dB

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0
	0

	System BW
	MHz
	5
	5
	5

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

	1) Relative Delay of 1st Path (synchronous)
	s
	0
	0
	2.50651μs

	
	
	
	
	

	Ior/Ioc
	dB
	5.18
	0.29
	Test 5:  3.25

Test 4:  2.25

Test 3:  1.25

Test 2:  0.25

Test 1:  -0.75

	Number of Tx antennas (2 Rx)
	-
	1
	1
	1

	P-SCH Sequence ID
	-
	2
	1
	1

	S-SCH Sequence ID(*)
	-
	(Sa,Sb)
	(Sa,Sb)
	(Sc,Sd) or

(Sa,Sd)

	RS sequence
	
	2
	1
	1

	Propagation Condition
	-
	ETU200

	Ioc Model
	-
	AWGN

	

	(*) :
When simulating the Remapping proposal, as described in [3], the S-SCH ID sequences for cell 1and 2 are common and share one (out of four) short codes with cell 3. Furthermore, the combinations of allowed short codes (Sa,Sb,Sc,Sd) are generated using the formula presented in section 1.2 in [3].



In order for the UE to find the hidden cell 3, the UE do secondary short code sequence detection using all three primary synchronization signal sequences as phase reference at timing corresponding to the detected cells. The CS stage 2 is accumulated over two consecutive sync frames. Then the 1-4 most likely primary sequence and secondary short code sequence combinations (Pk,Si,Sj) (with detected cells code combinations masked) are fed to the cell search stage 3 which correlates the 1-4 cell ID hypothesis to the RS and the maximum correlation in stage 3 gives the final cell ID decision. 

Except simulation results for our approach, we also apply similar simulation assumption to the short code remapping approach as presented in [3] and examine the remapping strategy performance. In this case, the 170 cell IDs are generated according to the formula in section 1.2 in [3] and cell 1 and 2 have common four short codes, say (Sa,Sb,Sc,Sd), while the cell 3 (to be detected) have one short code in common with cell 1 and 2. Hence, Cell 3 have the following four short codes (Sa,Se,Sf,Sg). Also in this case we accumulate the secondary short code correlations over two consecutive sync frames, but unlike in our “swapping” approach, having 19 codes to correlate to, the ”remapping” approach need 31 correlators, and accumulation over 170 different short code combination possibilities (one for each cell group). Furthermore, in order to have a fair comparison, also the 1-8 most likely cell ID hypothesis are fed to CS stage 3 for final cell ID detection.  

The simulation results, in terms of mean and 90% cell ID detection time, for the “swapping” and “Remapping” approach can be seen in Figure 2.
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Figure 2: Cell ID detection time in case of synchronized cells. Simulation parameters as in table 1. As can be seen, using the CS stage 3 for cell ID verification, with our proposal (“Swap” in the figure) there will be no performance difference between a proper secondary short code planned LTE system (“No double collisions”) and an LTE system with adjacent cell sites have one secondary short code in common (“Double collisions”). Furthermore, also note that the remapping scheme (“Remapping” in the figure), proposed in [3], has worse synchronization performance than our proposal for low geometries, Ior/Ioc<=-8 to -6 dB, i.e. the range where cell search must work properly for good handover performance. This is due to that one need to correlate to 31 short codes and test 170 different short code combinations, compared to 19 correlations in our approach.
As can be seen in the figure the same cell ID detection performance can be achieved using only primary sequence based scrambling of the  secondary synchronization short codes regardless of whether adjacent cell sites have one or no secondary short code in common (compare “Swap/double collisions” to “Swap No double collisions” in the figure). Also note that the remapping scheme (“Remapping” in the figure), proposed in [3], have worse synchronization performance compared to the “swapping” approach for low geometries, i.e. the important range where cell search must work properly for good handover performance. This is due to that one need to correlate to 31 short codes and test 170 different short code combinations, compared to 19 correlations.
Hence, using the cell search stage 3 for final cell ID detection the problem of short code double collisions disappear. 

5. Conclusions

In this paper we have proposed to swap the order of the secondary short codes in sync frame 0 and 5 for determination of the frame timing. We also claim that it is sufficient to scramble both secondary synchronization short codes with a scrambling sequence dependent on the primary synchronization signal, hence no extra scrambling of the second short code is needed.. We have furthermore shown that the short code “double collision”, mentioned as a problem in [2,3], can be solved by using the already agreed, see [4], cell search stage 3, i.e. correlation to the cell RSs for cell ID verification. Furthermore, simulation results shows that the “swapping” approach gives lower cell ID detection time than the “remapping” proposal in [2,3] for lower geometries. 

Based on these conclusions we propose that the swapping approach, corresponding to Option b in the email discussions on synchronization channel design, is adopted for frame-timing detection. 
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