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1 Introduction

In last RAN1#51 in Jeju, Korea, a harmonized LTE TDD frame structure was agreed [1]. In the proposed LTE TDD structure, P-SCH and S-SCH have the similar timing relation as that in FDD, therefore there will be a common P/S-SCH detection mechanism for both FDD and TDD. Based on this working assumption, this document discusses some remaining issue in P-SCH/S-SCH design for present LTE TDD.

2 Discussion
Issue identification

In [1], it is proposed that each radio frame consists of two half-frames, and each half-frame consists of eight slots of 0.5ms and three special fields: DwPTS, GP and UpPTS. The total length of DwPTS, GP and UpPTS equals to 1ms. Subframe-1 and subframe-6 consists of DwPTS, GP and UpPTS respectively, while all other subframes are defined as two slots where subframe 
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. The exact frame structure is shown in Figure 1. 

In [1], it is also proposed that primary synchronization signal transmitted in the first OFDM symbol of the DwPTS, and secondary synchronization signal transmitted in the last OFDM symbol of subframe 0 (immediately preceding to the DwPTS). 
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Figure 1: Frame structure type 2 (LTE TDD Frame Structure)

To simplify the design in subframe-1 and subframe-6 which contains DwPTS, GP and UpPTS, it is preferable that CP length of all symbols in subframe-1 and subframe-6 are the same as other normal subframes. That is to say, in subframe-1 and sub-frame-6, for normal CP structure, the 1st symbol and the 8th symbol have a little longer CP of length 160 and all other symbols have the CP of length 144. However, such a structure will cause some timing confusion of S-SCH after UE’s detection of P-SCH in initial cell search. This issue is further shown in Figure 2. 

· Figure 2a shows P-SCH/S-SCH position in LTE FDD. The last OFDM symbol of slot 0 and 10 carrying P-SCH signal in LTE FDD has a CP length of 144, thus we can get that the start timing of S-SCH signal is 144+2048=2192xTs ahead than P-SCH signal. 

· Figure 2b shows the case for LTE TDD. The first OFDM symbol in DwPTS has a CP of length 160 if normal subframe structure is directly used in subframe-1 and subframe-6. As a result, the start timing of S-SCH signal will be: 160+2048=2208xTs ahead than P-SCH signal. 

Seen from above two bullets, the timing difference between P-SCH and S-SCH in LTE FDD and LTE-TDD is different. Thus, from Figure 2, for a UE performing initial cell search without the knowledge of the exact duplex mode (LTE FDD or LTE TDD) of its detected system, the UE can’t know the exact S-SCH timing position after P-SCH timing is detected. 
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Figure 2: P/S-SCH position for both frame structures

Further consideration

During the offline discussion, one raised concern is that UE performing initial cell search may know the right S-SCH timing according to the duplex mode (either LTE TDD or LTE FDD) with knowledge from its operating frequency band. Thus there will be no issue mentioned in section 2.1 above. This method sounds good and very simple; however, it is subject to strict distinction on the duplex mode of each frequency band, i.e. a band defined as LTE FDD can’t be used as LTE TDD, and vice versa. Unfortunately, such strict restriction doesn’t exist in current E-UTRA in all scenarios. 

The frequency bands defined in [2] is cited in Annex A. According to E-UTRA frequency bands definition in [2], some bands are exclusively defined as LTE FDD or LTE TDD, however, duplex mode of the other bands is subject to the configuration of realistic operation. For example, the downlink band of E-UTRA band 2 for LTE FDD is 1930~1990MHz, while E-UTRA band 36 for LTE TDD is also 1930~1990MHz; the downlink band of E-UTRA band 3 for LTE FDD is 1805~1880MHz, while E-UTRA band 35 for LTE TDD is also 1850~1910MHz, i.e. they are partially overlapped in 1850~1880MHz. For UE doing cell search in the above bands, both LTE FDD and LTE TDD are possible candidates, the slight timing difference in current P-SCH/S-SCH structure between FDD and TDD will complicate UE operation. 

3 Suggested way forward
To solve the issue highlighted in section 2, some minor changes to current LTE TDD frame structure can be considered. The main point is that CP length of the 1st OFDM symbol in DwPTS shall be reduced by 16 hence set to 144, which is equal to CP length of P-SCH in LTE FDD. The use of the reduced 16 samples is FFS. 

For example, a possible configuration is shown in figure 3 below. For subframe-1 and subframe-6, the CP length of the 1st OFDM symbol can be set as 144, the CP length of the 2nd OFDM symbol can be set as 160, and the CP length of all remaining symbols are equal to that of the corresponding symbols in normal subframes.  

With such structure, the first OFDM symbol in DwPTS has a CP of length 144, then the timing of S-SCH signal is also 144+2048=2192xTs ahead than P-SCH signal, which is equal to the timing difference in FDD. Hence the exact timing of S-SCH can be known for UE performing initial cell search after P-SCH detection irrespective of the duplex mode of the system. 
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Figure 3: Change the CP length of the first OFDM symbol in DwPTS to 144 

4 Conclusion
In this contribution, we discuss a remaining issue which causes S-SCH timing confusion for UE performing initial cell search, and also provide a possible way forward. If the principle of proposed method can be agreed, related details ,such as how to use the reduced 16 samples, can be further captured in TS36.211.
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Annex A. Frequency bands for E-UTRA

The following frequency bands for E-UTRA are cited from [2]. 

E-UTRA is designed to operate in the frequency bands defined in Table 5.2-1.

Table 5.2-1 E-UTRA frequency bands

	E-UTRA Band
	Uplink (UL)
eNode B receive
UE transmit
	Downlink (DL)
eNode B transmit 
UE receive
	UL-DL Band separation
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	FDL_low - FUL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	130 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	20 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	20 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	355 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	20 MHz
	FDD

	6
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	35 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	50 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	10 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	60 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	340 MHz 
	FDD

	11
	1427.9 MHz 
	–
	1452.9 MHz
	1475.9 MHz  
	–
	1500.9 MHz
	23 MHz
	FDD

	12
	[TBD]
	–
	[TBD]
	[TBD]
	–
	[TBD]
	[TBD]
	FDD

	13
	[TBD]
	–
	[TBD]
	[TBD]
	–
	[TBD]
	[TBD]
	FDD

	14
	[TBD]
	–
	[TBD]
	[TBD]
	–
	[TBD]
	[TBD]
	FDD

	...
	
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	N/A
	TDD

	34
	2010  MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	N/A
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	N/A
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	N/A
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	N/A
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	N/A
	TDD
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