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1 Introduction

In the LTE TDD ad hoc in Beijing, we provided a contribution discussing the issues with SCH design in frame structure type 2 [1]. The conclusion in the meeting was:

· For S-SCH: 

· Agree as working assumption to move TI directly after the CP for S-SCH (extend CP by TI samples)

· For P-SCH:

· Consider until next meeting whether CP length for P-SCH can be changed for short CP numerology.

In this contribution, we provide more discussion on the CP length design of P-SCH, with the aim to maximize the commonality between frame structure type 2 and frame structure type 1.
2 Issues with same CP length for P-SCH
In the LTE TDD ad hoc in Beijing, it is agreed as working assumption to move TI directly after the CP for S-SCH (extend CP by TI samples) for FS type 2. Thus there is no timing difference for S-SCH relative to P-SCH for the numerologies with different CP length. A different cell search procedure is required with such a SCH structure, i.e. CP length cannot be detected based on SCH, which is not desirable from maximizing commonality point of view.
The P-SCH/S-SCH timing for FS type 1 is shown in Figure 1(a), the position of S-SCH relative to P-SCH is different for normal and extended cyclic prefix, and the difference is about 83.3-71.4=11.9us. Hence after P-SCH detection, there are two hypotheses of S-SCH position which are 11.9us different to each other. UE can detect CP length based on the two hypotheses, i.e. the two different S-SCH positions. In Figure 1(a), UE can know CP length from S-SCH detection, i.e. the detection is based on S-SCH sequence correlation (with two hypothesis positions). 

In Figure 1(b) for FS type 2, the position of S-SCH relative to P-SCH is same for both normal and extended cyclic prefix, so CP length cannot be detected by S-SCH sequence correlation. Actually, with such a structure, S-SCH detection and CP length detection are two independent procedures. Though there are also two hypotheses for the CP length of S-SCH in Figure 1(b), it is not a robust detection based on such CP length difference, since it is more likely to be affected by the delay spread of multi-path fading channel. 
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Figure 1: SCH timing for both two frame structures
3 Use normal CP for P-SCH in normal CP numerology 
For the purpose of maximizing the commonality of cell search procedure between FS type 2 and FS type 1, CP length of P-SCH for normal CP numerology could be changed, thus a normal CP is used for P-SCH.  Meanwhile, P-SCH for extended CP numerology is kept unchanged.
The revised SCH structure is shown in Figure 4. A normal CP of 224 samples is used on P-SCH for normal CP numerology. Hence there is 300
[image: image2.wmf]´

Ts ms timing difference for the possible S-SCH position relative to P-SCH position, which is about 9.8µs. With such a structure, the CP length can be robustly detected in SCH detection. 
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Figure 2: Use normal CP for P-SCH in normal CP numerology
4 Conclusion 
In this contribution, we discuss the issue of changing CP length for P-SCH of normal CP numerology. We propose to adopt the numerology in Figure 2 to maximize commonality between frame structure type 1 & type 2. 
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