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1. Introduction
Several contributions regarding the cell search procedure as well as the structure of downlink SYNC channel (SCH) for the E-UTRA have been made [1-7]. Regarding the structure of SCH, six different design  proposals can be identified from those contributions to date:

1. Proposal 1:
TI proposal in [1]

2. Proposal 2: 
ZTE proposal 1 in [2, 6]

3. Proposal 3:
Nortel proposal [3]

4. Proposal 4:
Motorola proposal in [4]

5. Proposal 5: 
ZTE proposal 1 in [6]

6. Proposal 6:
Nokia proposal in [7]

Some proposals share many similarities: 
· TI proposal and the first scheme from ZTE are similar in structure despite several differences such as in scalability and coding schemes  
· Nortel proposal and the second scheme from ZTE are quite similar despite the difference in the proposed pilot structure (scattered vs. TDM)

In this contribution, we identify several aspects related to the SCH structure and compare all the six proposals on the table.  Then we suggest a way forward by proposing a possible SCH design that leverages the strengths of the existing proposals.
2. Aspects and Comparison of Different SCH Proposals
Table 1 gives the comparison of the different SCH proposals based on the identified aspects in the SCH design in relation to the cell search procedure. As indicated in Section 1, two of the proposals from ZTE are similar in concept to those from TI and Nortel. To simplify our comparison, we group the proposals accordingly and note any significant difference. 
The term primary SCH (P-SCH) is used to label the SCH that is common to all cells, while the term secondary SCH (S-SCH) is reserved for the SCH that carries the cell ID and/or bandwidth information and/or the number of BTS antennas (cell-specific information). Note that some proposals may not have P-SCH while some other proposals embed S-SCH into the common pilot channel (CPICH) to reduce overhead. Also, Nortel’s proposal uses some sub-carriers allocated for P-SCH to transmit the number of BTS antennas which is cell specific. In this case we still use the term S-SCH to denote that particular part of P-SCH for consistency.
Table 1: Comparison of Different SCH Proposals
	Aspects
	TI [1] and 
ZTE1 [6]
	Nortel [3] and 
ZTE2 [6]
	Motorola [5]
	Nokia [7]

	Symbol & sub-frame timing detection
	Coarse (2x differential) & fine (PSC time correlation)
	Coarse (2x differential) & fine (PSC time correlation)
	2x differential 
	PSC time correlation

	Frame timing detection
	Frame timing = sub-frame timing
	Frame timing = sub-frame timing
	Depending on SCH placement
	Broadcast (BCH)

	Frequency offset correction
	Fractional (2x differential) & integer (PSC freq correlation)
	Fractional (2x differential) & integer (PSC freq correlation)
	Only fractional (2x differential)
	Not specified

	Cell ID
	All included in SSC and jointly coded
	Included in SSC
	SSC waveform index 
	Direct pilot sequence detection

	Bandwidth info
	
	Detected via FFT size
	Not specified
	Broadcast (BCH)

	No. BTS antennas
	
	(Optionally) transmitted in S-SCH (via PSS2)
	Not specified
	Not specified

	Scalability option
	TI: 1.25 MHz SCH for all data BWs
ZTE1: 1.25 MHz SCH for data BW<5 MHz, 5 MHz SCH for data BW≥5 MHz
	SCH bandwidth = data bandwidth
	Not specified
	1.25 MHz SCH for all data BWs

	Use of CPICH for SCH
	None
	P-SCH and S-SCH
	None
	S-SCH only

	P-SCH placement
	Once per frame (lumped)
	Once per frame (lumped)
	P-SCH non-existent
	Repeated 4-5x per frame (uniformly inserted)

	S-SCH placement
	Once per frame (lumped)
	Distributed across frame
	Once per frame (lumped), may be distributed
	Embedded in CPICH (as pilot sequence)

	Overhead (%)
	TI: 3.6 x (1.25 MHz / BW)

ZTE1: ranges from 2.14 to 0.84
	0.9% 
	Depending on SCH placement, should be comparable to Nokia design
	3.6 x (1.25 MHz / BW) with 5x P-SCH transmission per frame

	PSC and/or SSC
	TI: not specified
ZTE1: Frank-Zadoff (CAZAC)
	Not specified
	Zadoff-Chu/GCL (CAZAC)
	Not specified


Next we comment on each of the aspects to highlight the advantages of each proposal.
2.1. Timing detection and frequency offset correction
Most proposals impose some repetitive structure (2x) in the DL SYNC preamble to enable the differential correlation processing for coarse symbol timing detection and fractional frequency offset estimation. It has been known that frequency offset causes severe performance degradation when coherent time correlation (with PSC) is used for timing detection before the offset is corrected [8]. Although partial coherent correlation with non-coherent combining (see, e.g. [8]) can be used to reduce the effect of frequency offset, the detection performance can undoubtedly be improved if the frequency offset is first corrected before performing the coherent correlation for fine timing estimation. Hence, the system will benefit from the repetitive structure.

Elaborating further on the frequency offset correction, there are 2 types of frequency offsets: fractional and integer. Integer frequency offset only occurs when the offset between the BTS and UE frequencies is larger than the OFDMA inter-carrier spacing (15 kHz for E-UTRA). Integer frequency offset estimation is explicitly mentioned in TI and ZTE proposals [1,2,6]. Note that we use 20ppm (±10ppm) maximum frequency offset in our simulation assumptions in [1]. This figure is more relevant to digitally-controlled crystals (DCXO) that are commonly used for low-end UE’s, which are inferior to the more expensive voltage-controlled temperature-compensated crystals (VCTCXO). Maximum frequency offset for VCTCXO typically ranges from 3 to 5ppm. Since 15 kHz corresponds to 7.5ppm at 2GHz and 5.8ppm at 2.6GHz, integer frequency offset detection is not needed if VCTCXO is used. In fact, it can be shown that with the 2x repetitive structure within a single OFDM symbol, the UE can detect frequency offset within twice of the inter-carrier spacing: 
[image: image1.wmf]f

f

O

D

´

<

2

. It is up to the group to decide a typical range of frequency offsets that should be considered for performance evaluation.
If integer frequency offset estimation is not needed, the receiver can proceed from the differential correlation to the fine timing estimation using the coherent time correlation with the PSC once the fractional frequency offset is removed. Moreover, the extent of frequency offset may also affect the choice of P-SCH design. 
While sub-frame timing is equivalent to the symbol timing (since all the proposals transmits P-SCH only once per sub-frame), frame timing is different from the symbol timing when the P-SCH is transmitted several times within one frame. In the second case, some extra mechanism is needed to enable the UE to detect the frame timing. One possibility is to broadcast the frame timing as proposed by Nokia in [7]. However, if the pilot sequence is frame-periodic, it is possible to detect the frame timing by using the pilot sequence. Moreover, the UE may be able to leverage the structure and placement of S-SCH if it is frame-periodic. 
2.2. Cell ID, bandwidth information, and number of BTS antennas
Cell ID, data bandwidth information, and the number of BTS antennas are cell-specific. In TI and one of ZTE proposals, all these parameters are jointly encoded and transmitted via S-SCH. A UE can decode the parameters by coherently demodulating the S-SCH using the channel estimates obtained from the P-SCH. 

In all other proposals, different mechanisms are proposed for obtaining the transmission bandwidth information and the number of BTS antennas. However, cell ID is still transmitted via S-SCH. 
· The data bandwidth information can be detected from the FFT size (provided that there is one-to-one correspondence between the data bandwidth and the FFT size as specified in the current TR25.814) or included in the broadcast channel (BCH). The second alternative is relevant when BCH is transmitted in the center 1.25MHz bandwidth regardless of the data bandwidth.
· The number of BTS antennas can be transmitted by the BTS during the initial SYNC or cell search procedure. Other than transmitting it via S-SCH, Node B can include it in the broadcast channel (BCH). This alternative, however, precludes the use of any multi-antenna technique to improve BCH reception (e.g. open-loop TX diversity). Hence, including the number of BTS antennas in S-SCH is beneficial from this standpoint. Another alternative is to directly detect the number of BTS antennas from CPICH based on the pilot structures for different number of antennas. If the detection process is fast enough, this alternative does not preclude the use of multi-antenna technique for BCH.
2.3. Scalability option

In [4], three scalability alternatives are given. To avoid the need for bandwidth scan or choosing the bandwidth blindly, it is suggested that the SCH is transmitted only within the center 1.25MHz bandwidth [1,7]. This is also beneficial for limiting the overhead.
2.4. Overhead, use of common pilot channel (CPICH), and SCH placement

Nortel first proposed to embed the SCH into the common pilot channel to reduce the overhead [3]. This idea has some potential that needs to be further explored. It is also argued in Nokia’s contribution [7] that at least the S-SCH can be included (implicitly) in CPICH since the pilot sequence is a form of cell ID. 
In Nokia proposal [7], it is argued that the common SCH (P-SCH) needs to be (uniformly) distributed within a frame to allow efficient inter-RAT measurement and handover as well as satisfactory performance at high UE speeds. While the performance at high UE speeds may not be an issue, we agree that uniformly distributing P-SCH is crucial for inter-RAT measurement and handover. Note that P-SCH is transmitted every slot in WCDMA [9,10]. 
2.5. Sequence design (PSC and/or SSC)

One proposal from ZTE suggests the use of CAZAC sequence for PSC [2]. Motorola proposes to use a family of CAZAC sequences for SSC to differentiate among cells [5], which allows for a simple cell ID detection scheme as opposed to direct correlation of the received data with all the sequence candidates. Moreover, CAZAC sequences possess optimal auto- and cross-correlation properties. Further care needs to be taken, however, if a part of CPICH is used to transmit S-SCH since SSC may contain the data bandwidth information and the number of BTS antennas. Another issue of using a family of CAZAC sequences for cell ID is related to the number of available sequences. For WCDMA, a total of 512 cell ID’s (scrambling codes) needs to be available [9,10].
3. Possible Way Forward
Having studied and compared all the different proposals to date, we suggest a refined SCH design that incorporates the advantages of all the proposed schemes. The refined SCH design is depicted in Figure 1. We propose the following features:
1. SCH occupies the center 1.25MHz bandwidth regardless of the data bandwidth (same as [1]) with frequency reuse 1

2. Similar to the original TI design in [1], SCH consists of the P-SCH (common to all cells) and S-SCH (cell-specific):
a. P-SCH does not use a portion of pilot sub-carriers but is assigned a dedicated OFDM symbol instead. Assigning a dedicated OFDM symbol gives more freedom in choosing the frequency pattern of P-SCH. We use the design given in the original TI proposal, which is depicted in Figure 3 in [1].
b. P-SCH is repeated several times across the frame as suggested by Nokia in [7]. 4x insertion is assumed in Figure 1, but in general any other insertion factor such as 5 can also be used. It is also assumed in Figure 1 that P-SCH is inserted in the last OFDM symbol of a sub-frame. In general, however, any other location is fine. This addresses the need for efficient inter-RAT measurement and handover as pointed out in [7].
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Figure 1. SCH insertion and structure. 4x insertion and TDM pilot format are assumed in this figure.

c. S-SCH is embedded into the common pilot channel (CPICH) and distributed over several sub-frames. The location where the S-SCH is inserted is the same as that for P-SCH (see Figure 1). Here we assume the TDM pilot format.
d. To obtain the size of the data bandwidth and the number of BTS antennas as early as possible, it is suggested that they are transmitted via S-SCH along with the cell ID. As shown in Figure 2 (similar to that proposed in [1]), the three parameters are jointly encoded with rate ~1/5 repetition coding, BPSK modulation, interleaving, and frequency domain STTD encoding when applicable. The resulting codeword is then partitioned into N parts where N is the number of SCH insertions  per frame (N=4 in Figures 1 and 2). Each part uses a portion of pilot sub-carriers in the center 1.25MHz band. Note that the exact code rate can be adjusted to fit the desired codeword length. Repetition coding is chosen since its performance should not be much different from convolutional coding for rates lower than ¼ and it does not require tail bits.
e. The decoding process for S-SCH is similar to that given in [1] where STTD encoding is always assumed. The channel estimates are obtained from P-SCH. Therefore, when the node B only uses 1 antenna, the channel estimate corresponding to the second antenna is close to zero. Also, since the frame timing is still unknown, blind decoding is used by testing all the four possibilities and choosing the one that results in the highest decoding metric. When used together with the symbol timing, this gives an estimate of the frame timing. 
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Figure 2. S-SCH generation.

3. The structure given in Figure 1 results in the following overhead: 2.86×(1.25 MHz/BW) %. For 5MHz data bandwidth, it results in 0.7% overhead. This overhead comes only from P-SCH. S-SCH does not result in any additional overhead as it uses a portion of the CPICH sub-carriers.
4. The cell search procedure is essentially similar to that in the original TI proposal (see Figure 5 in [1]).
Notice that the proposed structure bears some resemblance to the WCDMA SCH design ([9,10]) where both the P-SCH and S-SCH are transmitted several times within a frame. Also, the PSC is repeated and the SSC is distributed across a single frame in a regular manner.

4. Conclusions
In this contribution we present some aspects of the downlink SYNC channel (SCH) design in relation to the cell search procedure. All the proposals to date are compared and a way forward is proposed by suggesting a design possibility that incorporates the advantages of different proposals. The list of aspects given in this contribution is by no means exhaustive. For example, another important aspect that is not addressed in this contribution is performance (due to lack of data). It can, however, be used as a starting point to evaluate different proposals and/or move us closer to a solution that incorporates the best features from several different proposals. 

Another issue that needs to be addressed is the set of typical operational conditions to facilitate better comparison for evaluating and comparing different proposals. Some examples of such conditions include:

· The deployment scenario, e.g. macro- and micro-cells 

· The comparative metric, e.g. distribution of detection error rate (across drops)
· Typical value of frequency offset considered for E-UTRA, which is determined by the UE crystals
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Rate ~1/5 repetition coding, BPSK + INTERLEAVING
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Partition into 4 parts (18 symbols each) ( Insert each part in CPICH symbol (use 18 pilot sub-carriers for each part)
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1-ant TX: OFDM


2-ant TX: OFDM with FD STTD


4-ant TX: OFDM with FD STTD 
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