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1 Introduction
Significant progress has being made towards defining the LTE control channel.  One remaining issue is how to determine which PHICH resource belongs to a scheduled UE.  In this contribution we examine different linkages of PHICH to uplink scheduled UE.  We consider linking PHICH resources to CCE for channel assignments as well as linking PHICH resource to uplink RBs assigned for transmission.  We conclude that linking PHICH to uplink RB is the simpler and better method.  

We also propose a formula to map the RB number to PHICH resource index, when MU-MIMO is employed or when the number of PHICH resources are changed.
2 ACK/NACK signalling

There are at present 2 main proposals for the indication of index of Downlink ACK/NACK resouces within the PHICH.  We define AI or ACK/NACK index as the index of a UEs PHICH resouce.  

1) Associate the AI with the RB used for uplink transmission.  ‎[1]

 REF _Ref189891822 \n \h 
‎[2]

 REF _Ref189891827 \n \h 
‎[3] ‎[4]
In this method a separate AI is created for every uplink RB.  Furthermore multiplexing of UE  on the same uplink resource requires N AI for every uplink RB, where N is the maximum number of multiplexing users within a single RB.  By including a small scheduling restriction which prevents the same PHICH from been reused this value of N can be removed.  See section ‎3 for more detail.  
2) Associate the AI with the CCE used for transmitting the L1/L2 control channel for the uplink resource. ‎[5]‎[6]
For this method a separate AI is created for each possible CCE.  When 3 OFDM symbols are used for the control channel approximately 0.8 CCE are available for every RB in the Downlink.  This number was calculated by assuming a CCE size of 36 RE, and that there are approximately 30 RE available for CCE allocation in a RB (the rest assigned to PHICH, or PCFICH).  Because the ACK/NACK resouces cannot depend on the value of the PCFICH the maximum value must be assumed when assigning resources.  Note that additional resouces are required for ACK/NACK of persistant transmission.  If the maximum number of simultiously transmitted users is quite low, it is possible through multiple to one mapping, the overhead of this scheme can be reduced, however no such scheme has been proposed yet.  Therefore the number of AI per DL RB is approximately 0.8 plus any requied for persistant schedualing.
The total overhead for the schemes are thus
Table 1 Overhead for various ACK/NACK allocation schemes
	Scheme
	ACK/NACK per RB
	Per persistant UE

	Uplink RB associated
Non-MIMO or restriced schedular
	1
	0

	Uplink RB associated
max N UE transmiting on the same RB
	N
	0

	CCE associated
	≈0.8
	1


We now consider a 5 MHz system, and evaluate the overhead for the ‘worst case’ of the various schemes.  The overhead of the RB allocated does not vary with the data so, there is no ‘worst case’ scenario for this scheme as all scenarios require the same overhead.  For the CCE associated scheme the worst case is when the majority of UE’s are persistently schedualed, thus we assume that 11 persistant UE’s are schedualed.  This assumption is based on the number of maximum number of VoIP users supported as determined in the NGMN performance evaluation. 
Table 2 Overhead for various ACK/NACK allocation schemes over example scenario.
	Scheme
	ACK/NACKs
	Total  RE needed

	Uplink RB associated
Non-MU-MIMO or restriced schedular
	25
	42

	Uplink RB associated
max 2 UE transmiting on the same RB
	50
	78

	CCE associated
	29
	48


Looking at the above we see that the overhead of the 3 schemes are very similar.  As we believe the uplink RB associated scheme to be the simplest to implement we support the uplink RB assocated scheme, with the additional restriction that the scheduler should not  multiplex multiple UE over only a single RB.
3 Formula for mapping PHICH recources to uplink RB number

In formulating mapping between PHICH resources and uplink RB, let us assume that there are NRB RB’s in the uplink, with NPHICH distinct ACK/NACK channels associated with them.  NPHICH can be semistatically changed to take one of 4 values.  Let “c” represent the indicated cyclic shift used on the uplink RS, and “r” be the first RB assigned to the user.  
The AI can therefore be given as 

AI= mod(NPHICH/NRB * r +c, NPHICH)

This formula can be used for uplink MU-MIMIO as well, as different cyclic shift will be used for uplink RS for two UEs when they are paird in MU-MIMO transmission.This will lead to the assignment of different PHICH index for them even their uplink RB assignment is the same.  If NPHICH< NRB*max(c) this does imply a slight scheduling restriction to avoid PHICH resouces overlap, in practice we do not expect this to be a significant issue for limited number of multiplexed users..   
4 Conclusions
In this contribution we present our view on mapping PHICH rescources to scheduled users.  We conclude that all proposed forms of linakge of PHICH to uplink transmission require roughly the same overhead, and thus the simplest form with the least scheduler restrictions, which is to associate PHICH to uplink RB should be the one to be adopted.  A simple formula for linking PHICH index to uplink RB has being given, which also supports uplink MU-MIMO transmission by assigning different PHICH resources to different UEs
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