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1. Introduction

In the RAN1 #46bis Seoul meeting, it was agreed as working assumption that for the alternative frame structure, the P-SCH is placed in the DwPTS and S-SCH is placed in the last OFDM symbol of TS0 [1]. It was also said that the blind CP length detection should not be required [1]. 
As illustrated in figure 1, there exists a small idle period, referred to as timeslot interval (TI), between DwPTS and TS0. The duration of this TI varies with the CP length of TS0. Due to the existence of TI between P-SCH and S-SCH, not only the blind CP length detection may be required which is not in line with [1], but also the performance of S-SCH detection may be degraded. In this contribution, in order to solve the S-SCH involved problems caused by TI and to facilitate the cell search, one improvement on S-SCH in the alternative frame structure was proposed, by which the S-SCH can be detected without prior-knowledge of CP length.
_______________________________________________________________________________________
2. Issues regarding SCH location in the alternative frame structure

In the alternative frame structure of the current working assumption, the P-SCH is transmitted in downlink special timeslot DwPTS which includes an OFDM symbol and a fixed CP, and the S-SCH is transmitted in the last OFDM symbol of TS0 timeslot, as shown in figure 2. Moreover, there is a small idle period, i.e. the timeslot interval of TS0, between P-SCH and S-SCH. Locating SCHs in such manner seems to be the simplest and most efficient way to facilitate the cell search procedure for the alternative frame structure.
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Figure 1: the alternative frame structure
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Figure 2: SCH location for the alternative frame structure
However, the existence of the TI between P-SCH and S-SCH, as shown in figure 2, may result in the following two issues related to cell search procedure under the current working assumption:

1) If the CP length of TS0 is not fixed, the blind CP length detection should be performed before S-SCH detection due to the ambiguity of S-SCH timing. According to the downlink numerology of 0, the duration of TI between P-SCH and S-SCH is 8.33us when long CP is used in TS0 and 9.38us when short CP is used in TS0. Since the duration of TI varies with the CP length of TS0, the timing of S-SCH cannot be deduced from the timing of P-SCH directly, as demonstrated in figure 2. In order to ensure the success of the step-2 of cell search, i.e. S-SCH detection, the knowledge of the timing of S-SCH is necessary. Thus after obtaining the timing of P-SCH, the blind CP length detection should be performed to determine the duration of TI for the purpose of determining the timing of S-SCH. However the blind CP length detection before S-SCH detection should be avoided due to the negative impact on cell search.

2) Regardless of fixing the CP length of TS0 or not, S-SCH detection performance may be degraded due to the inter-carriers interference (ICI) incurred by TI and P-SCH timing error. As shown in figure 3, the timing error [4] between the ideal P-SCH timing and the estimated P-SCH timing determined by correlation detection during cell search step-1, may result in deviation between the obtained S-SCH timing and the exact S-SCH timing. The shift of the detection window of S-SCH due to the timing error of S-SCH brings in a part of TI into FFT calculation as indicated by blue line in figure 3. By introducing this TI, an idle period, the frequency domain orthogonality of the sub-carriers within S-SCH would be destroyed, and ICI occurs. Accordingly, the performance of S-SCH detection should be degraded. Moreover, the potential ICI incurred by TI also can affect the demodulation of data conveyed by the last OFDM symbols of TS0. Apparently, this idle period is unfavorable when the detected P-SCH timing has a delay of several samples after ideal P-SCH timing.
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Figure 3: Example of detection window for S-SCH 
3. An improvement on S-SCH by additional cyclic postfix insertion in TI
Although fixing the CP length of TS0 can avoid the blind CP length detection and allow spectrum efficiency, the flexibility of deploying either long CP or short CP in TS0 in different scenarios is desired. Moreover, keeping the orthogonality between sub-carriers is crucial for OFDM systems. Hence, dealing with the above problems for the alternative frame structure, a simple but efficient improvement on S-SCH is introduced in this section.
Usually, the timeslot interval is used for switching guard period from UL to DL traffic timeslot [2]. But the special timeslot interval between TS0 and DwPTS is not used for switching guard period because both the TS0 and DwPTS are downlink timeslots. Therefore, it is feasible to avoid the ambiguity of S-SCH timing and possibly incurred ICI by inserting cyclic postfix of S-SCH symbol in the TI of TS0.
Denoting 
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 as the number of samples in TI of the short and long CP cases, respectively, the proposed method can be described as the following:

When long CP is employed for TS0, 
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samples are inserted in the TI of TS0.

When short CP is employed for TS0, ( 
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) samples are inserted in the TI of TS0 such that the remaining idle periods for long CP cases and short CP cases are identical. Where
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And that, regardless of the CP length used in TS0, the S-SCH timing is always derived based on the TI in long CP cases, as shown in Figure 4.

[image: image10.emf]OFDM CP OFDM CP OFDM CP  S-SCH CP

……

P-SCH

TS0

DwPTS

CP

OFDM CP OFDM CP OFDM CP  S-SCH CP

……

P-SCH CP

S-SCH Timing based 

on Long CP subframe

P-SCH Timing

……

……

Cyclic Postfix

Cyclic Postfix

s

N

l

N

sl

NNC



C

Short CP

Long CP


Figure 4: schematic of the cyclic postfix insertion.
In order to simplify the cyclic postfix insertion and maximizing the detection performance of S-SCH, we suggested filling up TI with cyclic postfix in both long CP and short CP scenarios, as illustrated in Figure 5.
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Figure 5: illustration of the proposed cyclic postfix insertion
Obviously, with this approach, the S-SCH detection can be successfully performed without prior-knowledge of CP length of TS0. Namely, the blind CP length detection is not needed and the potential ICI problem can be avoided since cyclic postfix of S-SCH inserted in TI not only can keep the frequency domain orthogonality of the sub-carriers within S-SCH but also create more available S-SCH timing detection points.
___________________________________________________________________________________________
4. Conclusion

In this contribution, two issues regarding the SCH location in alternative frame structure were discussed, 
· the ambiguity of S-SCH timing and 
· possibly the incurred ICI. 
As a result of the analysis on the above two issues, we proposed that the TI between S-SCH and P-SCH should be filled up with cyclic postfix of S-SCH, based on the following considerations: 

· The flexibility of deploying either long CP or short CP in different scenarios is desired in E-UTRAN TDD, allowing spectrum efficiency. 

· The blind CP length detection before S-SCH detection should be avoided to facilitate the cell search, while the CP length can to be detected quickly by taking advantage of the detected S-SCH instead.
· The possibly incurred ICI from P-SCH timing error has to be removed for ensuring the robustness of S-SCH detection in dispersive channels.

___________________________________________________________________________________________
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