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1. Introduction
In the RAN #79 meeting, it was agreed that legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz, and following 3 alternatives was agreed to be considered instead of CFI indication via PCFICH [1].

- Legacy PCFICH, PDCCH and PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz

▪
CFI where the UE can start control/data reception is provided by one of following alternatives

▫
Alt. 1: Signaling in MIB

▫
Alt. 2: Signaling in SIB

∙
CFI is a fixed value predefined in the specification at least for PDSCH for at least part of system information
▫
Alt. 3: Fixed in a specification for all subframes

▫
Note: RAN1 will conclude it among above 3 alternatives in RAN1 #80 meeting
In this contribution, we will discuss CFI configuration for Rel-13 low complexity MTC UEs with above 3 alternatives and provide our view and some details.
2. CFI configuration for Rel-13 low complexity MTC UEs
PCFICH carries information about the number of OFDM symbols used for transmission of PDCCHs in a subframe as Table 1 [2]. 
Table 1: Number of OFDM symbols used for PDCCH for normal UEs
	Subframe
	Number of OFDM symbols for PDCCH when 
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	Subframe 1 and 6 for frame structure type 2
	1, 2
	2

	MBSFN subframes on a carrier 
supporting PDSCH, configured with
1 or 2 cell-specific antenna ports
	1, 2
	2

	MBSFN subframes on a carrier
supporting PDSCH, configured with
4 cell-specific antenna ports
	2
	2

	Subframes on a carrier
not supporting PDSCH
	0
	0

	Non-MBSFN subframes (except subframe
 6 for frame structure type 2) configured
with positioning reference signals
	1, 2, 3
	2, 3

	All other cases
	1, 2, 3
	2, 3, 4


In the reduced bandwidth for low-cost and enhanced coverage MTE UEs, the performance of legacy PCFICH is expected to degrade due to the loss in frequency diversity. If repetitions on PCFICH for coverage enhancement is applied, flexibility of CFI indication in each subframe may be reduced or DL spectral efficiency may be degrade.
Therefore, it was agreed in RAN1#79 meeting that legacy PCFICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz, and appropriate mechanism to indicate CFI value for the Rel-13 low complexity MTE UEs should be considered.
For above, following alternatives could be considered.
Alt. 1-1: Signaling in MIB - explicit indication by PBCH
▪ CFI value is explicitly indicated by PBCH. The MTC UEs decode CFI carried in PBCH before decoding physical downlink control channel for the MTC UEs.
▫ New field or reserved filed in PBCH could be used to indicate which CFI value is applied for Rel-13 low complexity MTE UEs.

∙ e.g. indication between 'CFI value A' and 'CFI value B' according to Table 2
▪ Additional signalling overhead (if new field is defined), medium specification impact (for definition of new field or modification of reserved field) and medium complexity could be expected.
▪ The CFI flexibility for normal UEs could be impacted.

▫ CFI value for normal UEs indicated by PCFICH should be aligned with CFI value for Rel-13 low complexity MTC UEs indicated by PBCH 
∙ e.g. Originally, CFI value indicated by PCFICH can be 1, 2 or 3 for 'all other cases when DL BW is more than 10 RB' in Table 1. However, CFI value for normal UEs indicated by PCFICH could be restricted to 1 or 3 to align CFI value for Rel-13 low complexity MTC UEs indicated by PBCH.
Table 2: Number of OFDM symbols used for PDCCH for MTC UEs
	Subframe
	Number of OFDM symbols for PDCCH when 
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	CFI value

A
	CFI value

B
	CFI value

A
	CFI value

B

	Subframe 1 and 6 for frame structure type 2
	1
	2
	2

	MBSFN subframes on a carrier 
supporting PDSCH, configured with
1 or 2 cell-specific antenna ports
	1
	2
	2

	MBSFN subframes on a carrier
supporting PDSCH, configured with
4 cell-specific antenna ports
	2
	2

	Subframes on a carrier
not supporting PDSCH
	0
	0

	Non-MBSFN subframes (except subframe
 6 for frame structure type 2) configured
with positioning reference signals
	1
	3
	2
	3

	All other cases
	1
	3
	2
	4


Note: 'CFI value A' is minimum value and 'CFI value B' is maximum value among possible CFI values for each subframe type in Table 1.
Alt. 1-2: Signaling in MIB - implicit indication by PBCH
▪ CFI value is implicitly indicated by PBCH using PHICH duration as described in Table 3 [2].

▫ PHICH duration indicated by PBCH could be used to indicate which CFI value is applied for Rel-13 low complexity MTE UEs.

∙ For normal UEs, PHICH duration is used to indicate the number of symbols used for PHICH.

∙ For Rel-13 low complexity MTE UEs, PHICH duration is used to indicate CFI value although legacy PHICH is not received by the Rel-13 low complexity MTE UEs.
∙ e.g. indication between 'CFI value A' and 'CFI value B' according to Table 2, i.e., 'CFI value A' is applied if the indicated PHICH duration is 'normal' and 'CFI value B' is applied if the indicated PHICH duration is 'extended'.
▪ No signalling overhead, minimum specification impact and low complexity could be expected.
▪ The CFI flexibility for normal UEs could be impacted only in the case of using normal PHICH duration.

▫ If extended PHICH duration is used for the normal UEs, it could be not. Because, the PHICH duration signalled puts a lower limit on the size of the control region determined from CFI. When DL BW is more than 10 RB, if extended PHICH duration is indicated by higher layers then the UE shall assume that CFI is equal to PHICH duration according to the current specification [3].

∙ e.g. Originally, CFI value indicated by PCFICH can be 1, 2 or 3 for 'all other cases when DL BW is more than 10 RB' in Table 1. And, CFI value for normal UEs indicated by PCFICH could also be 1, 2 or 3 because CFI value is applied as the equal value of PHICH duration regardless of CFI value indicated by PCFICH by above rule in the case that extended PHICH duration is indicated.

Table 3: PHICH duration in MBSFN and non-MBSFN subframes

	PHICH duration
	Non-MBSFN subframes
	MBSFN subframes

on a carrier supporting PDSCH

	
	Subframes 1 and 6

in case of frame structure type 2
	All other cases
	

	Normal
	1
	1
	1

	Extended
	2
	3
	2


Alt. 2: Signaling in SIB
▪ CFI value is indicated by SIB. 

▫ A fixed CFI value is pre-defined in the specification at least for PDSCH for at least part of system information, i.e., CFI value for some subframes is pre-defined and CFI value for the other subframes is indicated by SIB.
∙ e.g. one CFI value (as 'CFI value B' according to Table 2) could be used for the pre-defined CFI value, and one value among two CFI values (as 'CFI value A' and 'CFI value B' according to Table 2)  or three CFI values (with consideration of the maximum number of cases for CFI value in Table 1) is indicated by SIB.
▪ Additional signalling overhead (for indication by SIB), medium specification impact (for pre-defined CFI value and CFI value indication by SIB) and medium complexity could be expected.

▪ The CFI flexibility for normal UEs could be impacted.

▫ CFI value for normal UEs indicated by PCFICH should be aligned with CFI value for Rel-13 low complexity MTC UEs indicated by PBCH 
∙ e.g. Originally, CFI value indicated by PCFICH can be 1, 2 or 3 for 'all other cases when DL BW is more than 10 RB' in Table 1. However, CFI value for normal UEs indicated by PCFICH could be restricted to only one value in some subframes to align CFI value for Rel-13 low complexity MTC UEs indicated by PBCH. In the other subframes, CFI value for normal UEs indicated by PCFICH could be restricted to one of two values or not.
Alt. 3: Fixed in a specification for all subframes
▪ Fixed CFI value in a specification is used for all subframes

▫ One CFI value for each subframe type in Table 1 could be pre-defined in the specification 
∙ e.g. one CFI value (as 'CFI value B' according to Table 2) could be used for the pre-defined CFI value. 

▪ No signalling overhead, minimum specification impact and low complexity could be expected.

▪ The CFI flexibility for normal UEs could be significantly impacted.

▫ CFI value for normal UEs indicated by PCFICH should be aligned with only one pre-defined CFI value for Rel-13 low complexity MTC UEs indicated by PBCH 
∙ e.g. Originally, CFI value indicated by PCFICH can be 1, 2 or 3 for 'all other cases when DL BW is more than 10 RB' in Table 1. However, CFI value for normal UEs indicated by PCFICH could be restricted to only one pre-defined value. 

 For above alternatives, each alternative could be summarized by Table 4.
Table 4: Summary of alternatives
	alternatives
	signalling overhead
	specification impact
	complexity
	CFI flexibility for normal UEs

	Alt. 1-1
	additional overhead
	medium
	medium
	impacted

	Alt. 1-2
	no
	minimum
	low
	impacted only in some cases

	Alt. 2
	additional overhead
	medium
	medium
	impacted

	Alt. 3
	no
	minimum
	low
	significantly impacted


Proposal 1: 

In CFI configuration for Rel-13 low complexity MTC UEs, Alt. 1-2(Signaling in MIB - implicit indication by PBCH) could be preferred due to no signaling overhead, minimum specification impact, low complexity and less restriction on CFI flexibility for normal UEs. 
3. Conclusion
In this contribution, we discussed CFI configuration for Rel-13 low complexity MTC UEs and provided our view and some details with following our proposal:

Proposal 1: 

In CFI configuration for Rel-13 low complexity MTC UEs, Alt. 1-2(Signaling in MIB - implicit indication by PBCH) could be preferred due to no signaling overhead, minimum specification impact, low complexity and less restriction on CFI flexibility for normal UEs. 
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