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1 Introduction

This paper discusses the issues related to 10MHz UE, SCH/BCH/PCH, and 20MHz system bandwidth. 
It is assumed that 10MHz UE capability is defined as a UE that can support FFT operation with FFT size up to 1024 points. And max sampling rate at the FFT input is 15.36MHz.

This document focuses on PCH for Idle mode UE.
2 Discussion
2.1 One or two SCH/BCH/PCH
One/Two SCH/BCH/PCH structure is shown in figures below
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Figure 1: One SCH/BCH/PCH structure
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Figure 2: Two SCH/BCH/PCH structures
Please see [R1-061883] for definition of camp band. In the figures above, 300 sub-carriers for SCH/BCH/PCH is just for example.
Table 1: Pros and Cons of one/two SCH/BCH/PCH structure 
	Structure
	Advantage
	Disadvantage

	(I) One
[TR 25.814]
	Minimum over head and maximum system efficiency.

	If UE camping on Band 1 or 3 want perform neighbouring cell search then extension of UE analogue baseband filter may need to be considered (see discussion in section 2.2 below). 

	(II) Two
[R1-061378]
	System design seems to look simpler (as two 10MHz system)


	Double overhead in number of frequency sub-carriers compared to (I).

Double overhead in power is required if the same performance for cell search (both initial and neighbour search) & BCH/PCH decoding is to be maintained as compared to (I)     


From advantages/disadvantages point of view (Table 1), Structure (I) is better choice and will be discussed below.
2.2 How UE camping in band 1 & 3 receive SCH/BCH/PCH
2.2.1 Adjacent channel selectivity

Consider 20MHz system as an example. 
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Figure 3: 20MHz system & typical frequency response of UE with different pass band 

The red/blue/green UE has pass band of 1200/750/600 sub-carriers respectively. The ability of each UE to suppress interference from adjacent channel can be ranked as follow: green is better than blue is better than red. 
Ability of red UE to suppress interference from adjacent channel is normally be specified as adjacent channel selectivity (ACS) requirement for 20MHz UE in 20MHz system.     
Section 2.2.2 below discusses the limitation on the pass band of 10MHz UE which in theory can be extended up to 1024 sub-carriers (max FFT size).

2.2.2 Anti-aliasing filter for 10MHz UE
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Figure 4: Typical frequency response of anti-aliasing analogue filter

Above figure shows example of typical frequency response of anti-aliasing analogue filter of 10MHz UE receiving up to 600 useful sub-carriers and 15.36MHz sampling rate at output of Analogue to Digital Converter (ADC). 

The larger number of useful sub-carriers is, the more challenging anti-aliasing filter design become.

	Number of useful sub-carriers
	Transition band (MHz)
	Comment

	600
	3.18MHz
	Minimum requirement to be supported 

	750
	2.055
	More challenging for anti-aliasing analogue filter design than above.
As an alternative, one can use double sampling rate (15.36x2MHz) and digital filter before down sampling by 2 to avoid aliasing.   


Note that it is implementation issue whether analogue filter to deal with ACS (section 2.2.1) and anti-aliasing analogue filter should be combined or separate.    
2.2.3 10MHz UE in 20MHz system

Question: Referring to Figure 1, RAN1 has been questioning whether or not a 10MHz UE camping in band 1 or 3 can receive SCH/BCH/PCH located in the centre 300 sub-carriers and how? 
Answer: From Figure 3, it can be seen that the blue UE can do this (note that FFT size of this UE is 1024 which is larger 750 sub-carriers). 
Though the blue UE filter has some pass band extension compared to green UE, both UE would easily meet the ACS requirement for 10MHz UE in 20MHz system.      
2.2.4 SCH/BCH/PCH should be 75 sub-carriers or more 

Table 2: Pros and Cons of 75/more than 75 sub-carriers for SCH 
	Number of sub-carriers 
	Advantage
	Disadvantage

	(I) 75 
	Minimum over head
	

	(II) more than 75

[R1-061186]
	For neighbour cell search, larger performance gain can be achieved utilizing larger overhead and/or frequency diversity 
 
	Larger overhead in number of frequency sub-carriers and power allocation for SCH compared to (I).

No gain for initial cell search

as compared to (I)     




Further consideration is needed before deciding if (I) or (II) should be used.
2.3 UE states and mobility

There are two main states: Idle and Active. 

In Idle state: UE should camp on band 2 (see Figure 1) so that 

· UE can fully utilise SCH sub-carriers  to maximise neighbouring cell search (timing search) performance

· System can use single frequency allocation for single BCH & PCH to keep overhead to minimal

· UE can receive MBMS while doing cell search and monitor paging without switching RF to move to other camp band.     
In Active state: UE may camp on either band 1, 2 or 3 (see Figure 1). 
· When camping in band 2
· UE can fully utilise SCH sub-carriers to maximise neighbouring cell search (timing search) performance.
· UE can receive MBMS and shared data channel while doing cell search without switching RF to move to other camp band. 

· When camping in band 1 or 3
· How many SCH sub-carriers UE can utilise in doing neighbouring cell search (timing search) depends on implementation as discussed in section 2.2.3 above. 
· Even when MBMS is continuously transmitted in camp band 2, system can schedule data for UE without having to move UE to other camp band 
· If UE need to read BCH then implementation should be as blue UE in Figure 3.

3 Conclusion

We recommend that 

· One BCH, one PCH, and one SCH structure is to be used as working assumption for WI phase. 
· The use of either 75 sub-carriers for SCH only or more than 75 sub-carriers for SCH is to be studied in WI phase.  
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