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1 Introduction
There is no need to read this paper if implicit ACK/NAK is assumed. Below discussion is about current working assumption i.e. explicit ACK/NAK is used. The discussion focuses on FDD but can be equally applied for TDD.         

2 Discussion
2.1 Current Status
· Control channels (such as PCFICH, PHICH, PDCCH) is not transmitting in the same
 OFDM symbol as data (PDSCH, PBCH, PMCH).  
· Configuration of PHICH (e.g. number of channels and number of OFDM symbols used) is signalled to all UE semi-statically using BCCH [1]. 
· This info is all UE need to receive ACK/NAK.

· This info currently not present in PBCH so it should be in SU-1. 
· Number of OFDM symbols used for PHICH puts lower limit on the number of OFDM symbols used for PDCCH which is signalled on PCFICH.   

· Physical mapping of PHICH is independent from PCFICH. 

· SU of BCCH is transmitted using DL-SCH

2.2 Chicken and Egg problem
2.2.1 Description

If common understanding is that configuration of PHICH is sent on SU-1, then

CHICKEN: UE need to read DL-SCH carrying SU-1 to know the configuration of PHICH and therefore exact physical mapping (RE multiplexing) of PHICH and PDCCH 
EGG: UE need to know configuration of PHICH channel and therefore exact physical mapping (RE multiplexing) of PHICH and PDCCH before it can read PDCCH and any DL-SCH including the one carrying SU-1
2.2.2 Possible solution

2.2.2.1 Solution1 
Configuration of PHICH is signalled on PBCH

UE behaviour: UE read PBCH to know configuration of PHICH. Then UE can read PDCCH, PDSCH

Pros: Support current WA on dynamic CFI

Cons: More bits on PBCH. 

· Since number of ACK/NAK channels depends on system bandwidth and UL traffic load, signalling must cope with worse case i.e. largest band width and max UL traffic load => 4-6bits more on PBCH? Note that there is 1 bit for signalling number of OFDM symbols used for ACK/NAK. Overall 5-7bits?  

2.2.2.2 Solution2 
CFI is signalled on PBCH (i.e. PCFICH no longer exists) indicating number of CCE. The last M CCEs are used for ACK/NAK transmission

UE behaviour: UE read PBCH to know CFI i.e. total number of CCEs as well as number of OFDM symbols for control. Then UE can read PDCCH and PDSCH. After reading PDSCH carrying SU-1, UE knows M i.e. can read ACK/NAK
Pros: Only 2 bits are added to PBCH for CFI signalling 

Cons: Does not support current WA on dynamic CFI
3 Conclusion
 This paper presents the issue and alternative solutions for RAN1 to consider and select.
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5 Annex

	RE
	Resource element 

	SIB
	System Information Block

	RB
	Resource block

	BCCH
	Broadcast Control Logical Channel  

	BCH
	Broadcast Transport Channel

	DL-SCH
	Downlink Shared Transport Channel

	SU
	Scheduling Unit

	DL
	Downlink

	CC
	Control Channel

	CCE
	Control Channel Element – number of RE used to carry at most one CC 

	CFI
	Control Format Indicator

	WA
	Working Assumption























































































































� Due to more dynamic power control for control channel than data channel 
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