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Discussion 
1 Introduction
Scalable UMTS (S-UMTS) is a technique that allows deployment of WCDMA and HSPA in bands as narrow as 2.5 or 1.25 MHz and therefore allows refarming of e.g. GSM spectrum to the spectrally more efficient WCDMA. A study item for this topic was opened in the plenary of December 2013 [1]. In this contribution we discuss the required re-design of the synchronization channel (SCH).
2 Cell acquisition 

The WI mentions deployments as listed in Table 1.
Table 1: S-UMTS modes

	Mode of Operation
	(Scaled) Bandwidth
	Requirements
	Bands

	Standalone
	2.5MHz
	Can support data and voice 
	Band VIII (900 MHz); 

Band I (2.1 GHz)

	
	1.25MHz
	Data only
	Band VIII (900 MHz); 

Band I (2.1 GHz)

	Multi-carrier
(Adjacent)
	5 MHz + 2.5 MHz

5MHz + 1.25 MHz 
	
	Band VIII (900 MHz); 

Band I (2.1 GHz)


The standalone version of S-UMTS cells makes it inevitable to provide an SCH as synchronization cannot be provided by the network for instance during a handover.

Cell acquisition background
In LTE systems, a UE starts with receiving a cell’s center subcarriers, and can read the bandwidth of the cell from the system information that is broadcast within the center subcarriers.
In WCDMA, the cell acquistion process starts with searching for the Primary Synchronization Code (PSC) sent on P-SCH, which together with the Secondary Synchronization Code (SSC) on S-SCH carries information on the scrambling code group in use in the cell. 
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Figure 1: Cell detection procedure
P-SCH and S-SCH are sent in parallel, in the first 256 chips of every slot. The PSC is always the same in all the slots in all cells, whereas the SSC is different in every slot, and the pattern of SSC across slots determines the scrambling code group [25.213] used in the cell.
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Figure 2: Structure of Synchronisation Channel (SCH) [25.211 figure 18]

Cell acqisition in S-UMTS
The SCH is obviously required for an initial cell acquisition e.g. after a UE is switched on. Yet also neighbour cell detection may be based on SCH even if the primary scrambling codes of the cells are provided by the network. Hence stand-alone S-UMTS cells must have SCH not just for initial acquisition but for mobility purposes as well. If an S-UMTS cell only operates as the secondary HS-DSCH cell in DC-HSDPA configuration the SCH may be omitted as per the current DC-HSDPA definition. “When the UE is configured with a secondary serving HS-DSCH cell, it shall not assume the presence of any common physical channel from that cell other than CPICH.” [TS25.214].

Observation 1: The SCH may only be omitted in cells which are only configurable as secondary HS-DSCH cells.

The SCH is transmitted at full chiprate, and therefore occupies a 5MHz bandwidth. For S-UMTS, the SCH however should occupy only 2.5 or 1.25 MHz. While new PSC and SSC sequences are designed for the 2.5 and 1.25 MHz bandwidth, the design of the sequences shall avoid false positives when a UE is testing an 1.25 MHz SSC in a 5 MHz cell. 
In more detail, assuming a UE is switched on while in the coverage of a 5 MHz cell, and assuming that the UE starts the cell search in the 1.25 MHz band, it will start correlating the 1.25 MHz PSC with the receive signal. A situation should be avoided where the 1.25 MHz PSC search yields a (false) positive, or even worse a 1.25 MHz SSC yields a (false) positive. This situation might arise if the SCH for the 1.25 MHz cell is reasonably close to the SCH of the 5 MHz cell. If the UE erroneously detected a 1.25 MHz SCH all further UE actions are likely to be compromised.

Alternatively, the UE might be required to first start to search for the 5 MHz SCH, before morving to lower bandwidth search on a given carrier frequency.

Below Table 2 provides an overview of the possible acquisition scenarios
Table 2: overview of acquistion scenarios

	
	Starts search with 5 MHz
	Starts search with 2.5 MHz
	Starts search with 1.25 MHz

	UE located in 
5 MHz cell
	Legacy
	Same as 1.25
	1.25 MHz cells’ PSC and SSC shall not lead to false positive

	UE located in 
2.5 MHz cell
	Same as 1.25
	Same as 1.25
	Same as 1.25

	UE located in 
1.25 MHz cell
	False positive depends on spectrum outside of band, but is unlikely
	Same as 1.25
	Ok


Observation 2: SCH sequence design shall avoid false positives, or SCH search shall start with a 5 MHz bandwidth

SCH design

In order to maintain the maximal commonality with 5 MHz cell search implementations and the same frame and slot timing, we propose that for S-UMTS the S-UMTS SCH follows the existing patterns. The two SCHs shall occupy the beginning of each slot for a duration of 1/10 of a slot. The structure shall be the same as that for the 5 MHz SCH, that is a PSC and SSC are used.
Proposal 1: The S-UMTS SCH timing follows that of the 5 MHz SCH. 

Proposal 2: The S-UMTS SCH makes use of a PSC and SSC according to existing 5 MHz procedures.

In order to fit a 1.25 MHz spectrum in the same time span, the PSC and SSC sequences should be only as long as 64 chips (before they are being upsampled for transmission). 

One method to obtain length 64 sequences is to take the original PSC and SSC, and subsample the sequences, e.g. at equidistant 4 chip intervals. The resulting codes turn out to have zero cross-correlation with the PSC at lag 0, as shown in Figure 3. There all cross correlations between the PSC and SSCs are displayed. The “correlation index” in the figure indicates which of the cross correlations is displayed, out of the array of possibilities (p*p p*s1 p*s2 … p*s16, s1*p s1*s1 s1*s2 … s16*s16) where p*si stands for PSC convoluted with SSC_i at lag 0.
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Figure 3: cross correlation of subsampled PSC and SSCs

A tabular listing of the real part of the subsampled PSC and SSC is shown in the appendix.

Proposal 3: form the 1.25 MHz PSC and SSC by subsampling the original PSC and SSC, followed by upsampling
The UE then may proceed finding the scrambling code group from the SSC pattern according to legacy procedures without modifications.

Above design proposal 4 leads to a situation where if a UE in a 5 MHz cell starts with a 1.25 MHz SCH search a false positive my occur.

An SCH design for 1.25 MHz that avoids false positives with higher reliability when starting the search in the 1.25 MHz bandwidth is provided in the appendix.
3 Conclusions
In this contribution we discussed S-UMTS SCH design and the following points are made:
Observation 1: The SCH may only be omitted in cells which are only configurable as secondary HS-DSCH cells.

Observation 2: SCH sequence design shall avoid false positives, or SCH search shall start with a 5 MHz bandwidth
Proposal 1: The S-UMTS SCH timing follows that of the 5 MHz SCH. 

Proposal 2: The S-UMTS SCH makes use of a PSC and SSC according to existing 5 MHz procedures.

Proposal 3: form the 1.25 MHz PSC and SSC by subsampling the original PSC and SSC, followed by upsampling
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5 Appendix

Tabular listing of subsampled PSC and SSCs

Table 3: PSC and SSCs subsampled by a factor 4. Only the real part of the PSC and SSC is shown.
	
	PSC
	SSC1
	SSC2
	SSC3
	SSC4
	SSC5
	SSC6
	SSC7
	SSC8
	SSC9
	SSC10
	SSC11
	SSC12
	SSC13
	SSC14
	SSC15
	SSC16

	1
	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
	1

	3
	1
	-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
	-1

	5
	1
	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
	-1

	7
	1
	-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
	1

	9
	1
	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
	-1

	11
	1
	-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
	1

	13
	-1
	-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
	-1

	15
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	16
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	17
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	18
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	19
	-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
	1

	21
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	22
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	23
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	24
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	25
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	26
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	27
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	28
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	29
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1

	30
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1

	31
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	32
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	33
	1
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	34
	1
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	35
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	1
	1
	1
	1

	36
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	1
	1
	1
	1

	37
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	38
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	39
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	40
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	41
	1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1

	42
	1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1

	43
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	44
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	45
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	46
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	47
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	48
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	49
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	50
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	51
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	52
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	53
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	54
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	55
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	56
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	57
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	58
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	59
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	60
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	61
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	62
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	63
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1

	64
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1


Alternative construction of PSC and SSCs

In the following we provide an example for a PSC and set of SSC which occupies only a quarter of the bandwidth. Instead of length 256-chip PSC and SSC sequences, the PSC2 and SSC2 shall have length 64. Following the notation and method of construction in [25.213] section 5.2.3 we define

a = <x1, x2, x3, …, x16> = <1, 1, 1, -1,   1, 1, -1, 1> 

and form

C2psc = (1 + j) ( <a, a, a,- a,   -a, -a, a, -a>;
The set of SSCs {C2ssc,1,…,C2 ssc,16} is defined using

z = <b, b, b, -b,   b, b, -b, -b>, where


b = <x1, x2, x3, x4,   -x5, -x6, -x7, -x8 > and x1, x2 , …, x8 are same as in the definition of the sequence a above.

The k:th SSC2, C2ssc,k, k = 1, 2, 3, …, 16 may then be found by modulating z with a Hadamard sequence hm  out of the 64-length sequences of  H6.  We choose to take every 2nd sequence, starting with the second.

m = 2((k – 1)+1, k=1..16

C2ssc,k = (1 + j) ( <hm(0) ( z(0), hm(1) ( z(1), hm(2) ( z(2), …, hm(63) ( z(63)>;
This design has zero crosscorrelation of all PSC and SSC at lag 0.

In order to meet the original chip rate, the sequences C2_psc and C2_ssc need to be upsampled by a factor four.
