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1 Introduction
Significant progress has being made towards defining the LTE control channel.  In this document we propose the RE mapping for the PCFICH (Cat0), the PHICH (ACK/NACK for DL) and CCE.  The control channel structure depends on:
1) The number of Tx antennas (1 or 2 or 4)

2) The location of the PHICH channels (over 1 OFDM symbol or 3 OFDM symbols)

3) The size indicated by the PCFICH (1, 2 or 3 bounded by the size of the PHICH channel)

It has been decided that the PHICH format will not depend on the transmitted PCFICH value, and the PHICH can span one OFDM symbol or three OFDM symbols.  
In this contribution we discussed the RE mapping of PDCCH, PCFICH and PHICH. .We compare the different approaches to signal the channel resource locations for ACK/NACK for uplink transmission and also examine the transmission strategy for ACK/NACK and conclude that the ACK/NACK be transmitted using a CDM spreading factor of 4 in the 1 and 2 Tx environment and a spreading factor of 2 in the 4 Tx environment, and a repetition factor of 3 in all scenarios.  When the ACK/NACK occupies only a single OFDM symbol, the repetitions should be maximally spread in the frequency domain, and when the ACK/NACK signal occupies more than one OFDM symbol the ACK/NACK should be transmitted within the normal CCE transmission method.  
2 ACK/NACK signalling

There have being 3 main proposals for the indication of the location of Downlink ACK/NACK resouces within the PHICH.  We define AI or ACK/NACK index to be a indexed location of a users ACK/NACK resouces.  

1) Associate the AI with the RB used for uplink transmission. [1]
In this method a separate AI is created for every uplink RB.  Furthermore multiplexing of RB on the uplink requires N AI for every uplink RB, where N is the maximum number of multiplexing users within a single RB.  Note that adding by a schedualing restriction, the value N can be ignored. 
2) Associate the AI with the CCE used for transmitting the L1/L2 control channel for the uplink resource. [2][3] 
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 PCFFI).  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 that though a many to one mapping the overhead of this scheme can be reduced, however no such scheme has being proposed yet.  Therefore the number of AI per DL RB is approximately 0.8 plus any requied for persistant schedualing.
3) Transmit the AI explicitly in the L1/L2 control channel. [4]
In this scheme a certain number, which could be semi-statically defined, of ACK/NACK resouces are transmitted every subframe.  The AI is explicitly signalled, along with the L1/L2 control channel.  This allows the scheduler full flexibility in assigning AI to users, and allows the ACK/NACK for persistant transmitted data to be dealt with easily.  However this increases the size of the L1/L2 control channel by 
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.  Note that if the maximum number of ACK/NACK resouces is semistatically defined then multiple different formants of the control channel must also be defined.
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
	Per control channel

	Uplink RB associated
Non-MIMO or restriced schedular
	1
	0
	0

	Uplink RB associated
max N simulations uses of the same RB
	N
	0
	0

	CCE associated
	≈0.8
	1
	0

	Explicit Signaling with max of M simutanious ACK/NAKS
	M/# of RB
	1
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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.  For the explicit signalling the ‘worst case’ is where a large number of UE’s must be schedualed simultaneously.  For a 5 MHz system simualations have shown that for full buffer traffic significant gain is not realized by schedualing more than 6 UEs at a time.  However because of the possibility of multiple retransmissions, and persistant schedualing we will assume that 16 ACK/NACKs must be supported.  We assume an average code rate of 1/3 for the L1/L2 control channel.  We also assume a repetition factor of 3 for the ACK/NACK CDM/FDM mapping.  
Table 2 Overhead for various ACK/NACK allocation schemes over example scenario.
	Scheme
	ACK/NACKs
	Extra L1/L2 RE
	Total 

	Uplink RB associated
Non-MIMO or restriced schedular
	25
	0
	42

	Uplink RB associated
max N simulations uses of the same RB
	50
	0
	78

	CCE associated
	29
	0
	48

	Explicit Signaling with max of M simutanious ACK/NAKS
	16
	6 channels*(4 extra bits per channel*3/2)=24
	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 does not  multiplex multiple codewords over only a single RB.
3 ACK/NACK transmission Method
At the RAN1#48bis(Malta) it was decided that the transmission mode of the downlike ACK/NACK would be Hybrid FDM/CDM.  However the exact details of this transmission mode have not been decided.  We belive that localized CDM transmitted using the same transmit diversity scheme as the control channel with a spreading factor of 4 and a repetition factor of 3 achieves good performance along with interference randomization. 

To improve the FDM/CDM based ACK/NACK channel performance the effective channel must be near constant over the REs belonging to the same spreading group.  This means that for the system with 4 Tx antennas some modifications are necessary in order to improve the ACK/NACK performance.  

The following approaches are the examples of the solutions:.
1) Decrease the Spreading Factor to 2 in the 4 Tx environment.

By reducing the SF to 2, no further modications are nessasary.

2) Change the RE pair mapping for different antenna pair so that the adjcant RE pairs are assigned to same Tx antenna pair.

This option was first proposed by LG in [1].  In this method the RE mapping for SFBC+FSTD based Tx Diversity is modified (at least where PHICH resouces are used) so that the same Tx antennas pairs are used for 4 adjacent RE (excluding RS RE).  This is illustrated in Figure 1 below.


[image: image3]
Figure 1:  Tx Diversity scheme for ACK/NACK in 4 Tx environment.
For simplicity we believe that simply reducing the spreading factor to 2 is the best solution.  
4 Proposed RE mapping scheme for control channel
In this section we futher discuss the proposed mapping scheme.  We consider a system with a bandwidth of N RB.  Thus we must support M=
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 ACK/NACK channels.  The control channel includes the PCFICH, the PHICH channel and of course the PDCCH.  

PCFICH:
The PCFICH is mapped to 16 REs.  We propose mapping them in groups of 4 RE full scattered in the frequency domain.  i.e at the beginning of RB 0, 
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PHICH

           A number of CCEs corresponding to n=1 or 3 can be assigned semi-statically for the transmission of PHICH. This allows for possible reuse of unused PHICH resource for PDCCH when PDCCH and PHICH span the same OFDM symbol(s).
            In the case where PHICH spans one OFDM symbol, it should consist of the reserved CCEs which correspons to one OFDM symbol regardless of n (n=1,2 or 3). 

When the PHICH spans 3 OFDM symbols, PDCCH will also span 3 OFDM symbols. In this case  same CCE format can be applied by PHICH and PDCCH.  
PDCCH


PDCCH is generated by one or multiple control channel elements (CCE) which are located in the first N OFDM symbols in each sub-frame, where N is equal to or less than 3.  CCE contains a number of  RE groups and each RE group consists of 4 consective REs [5].
Figure 2 gives an example of the RE mapping schemes described above for the 6RB BW, with 4 Tx antennas when the spanning of the ACK/NACK channel is 1 OFDM symbol. 


[image: image6]
Figure 2 RE mapping for DL control signalling channel
5 Conclusions
In this contribution we present our view on the RE assignment for the DL control channel.  We conclude that all presented forms of PHICH index signalling require roughly the same overhead, and thus the simplest form which is associated with uplink VRB should be adopted.  

We propose that the ACK/NACK be transmitted using a CDM spreading factor of 4 in the 1 and 2 Tx environment and a spreading factor of 2 in the 4 Tx environment, and a repetition factor of 3 in all scenarios.  Both PHICH and PDCCH can be generated by CCEs. 
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