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1
Introduction 

After RAN1#50-bis the following agreements with respect to PHICH transmission have been made: 
· Normal CP

· SF=4 for all antenna configurations {1, 2, 4} Tx antennas

· Extended CP


· SF=2 for all antenna configurations {1, 2, 4} Tx antennas

This contribution discusses the allocation of PHY resources for DL-ACK. 

The DL-ACK resources can be indexed as follows:

· PHICH index: set of 3 mini-CCEs over the PHICH time-span 

· Spreading code

· 1 out of 4 for normal CP subframes

· 1 out of 2 for extended CP subframes

2
PHICH resource allocation

DL-ACK transmissions are in response to PUSCH transmissions. Since the UL of E-UTRA is time-synchronous, non-adaptive by default, there is no need to send PDCCH with UL grants for the allocation of PHY resources for PUSCH on retransmissions. Therefore, 

· DL-ACK resources cannot be tied to only the PDCCH with the UL grant since the UL grant may not exist for retransmissions

· Also, there is no PDCCH with UL grants for UL persistent allocations

It is, therefore, natural to associate the DL-ACK transmissions to the PUSCH resource allocation for every (re-) transmission. The association of DL-ACK resources to the first RB used in the first slot in the subframe provides an easy mapping.  

Depending on the expected DL-ACK load, one can provision for the capability to acknowledge every individual RB on PUSCH (PHICH load = 1) or one can put some restrictions on the UL data resources to limit the PHY resources associated with the transmission of DL-ACKs (PHICH load < 1). For example, we can limit the PHICH load to 0.5 by allowing transmissions to start at e.g. even RBs. Similarly, we can limit the PHICH load to 0.25 or 0.125 by allowing PUSCH transmissions starting every 4th or every 8th RB. The more restrictions are placed to the UL PUSCH allocation, the least number of PHY resources are required for the DL-ACK transmission.  
Since multiple UEs can be multiplexed within the same PHY resources with SDMA operation, the association of DL-ACK and the PUSCH resource allocation does not uniquely identify the transmission of an individual UE. Therefore, it is necessary to have one more level of association to be able to provide different DL-ACK resources to different UEs sharing the same UL PHY resources for PUSCH transmission. 

The cyclic shift used for the transmission of the UL DM-RS can uniquely identify UEs sharing the same PHY resources for PUSCH transmission. 
MU-MIMO operation in the UL:

· Depends on the support of such a feature at the eNB receiver

· In case the eNB supports UL MU-MIMO operation, the maximum multiplexing capability is given by the number of Rx Antennas at the eNB receiver
Therefore, from the eNB support of UL MU-MIMO operation as described above, the multiplicity factor for DL-ACK resources is known and can be {1, 2, 4, 8}. 
The eNB multiplexing capability is not expected to change on a dynamic fashion, therefore it could be broadcast so that the resource allocation for DL-ACK transmissions can be known. 

The following Tables show the allocation of DL-ACK resources for a system with 6 RBs:

Table 1. Example 1: System BW = 6RBs. eNB supporting max 1 UE/RB. 
Normal CP. PHICH load =1.
	First RB in first slot
	UL DM-RS Cyclic shift
	PHICH idx
	Spreading idx

	1
	1
	1
	1

	2
	1
	
	2

	3
	1
	
	3

	4
	1
	
	4

	5
	1
	2
	1

	6
	1
	
	2


 Table 2. Example 2: System BW = 6RBs. eNB supporting max 2 UE/RB. 
Normal CP. PHICH load=1.
	First RB in first slot
	UL DM-RS Cyclic shift
	PHICH idx
	Spreading idx

	1
	1
	1
	1

	
	2
	
	2

	2
	1
	
	3

	
	2
	
	4

	3
	1
	2
	1

	
	2
	
	2

	4
	1
	
	3

	
	2
	
	4

	5
	1
	3
	1

	
	2
	
	2

	6
	1
	
	3

	
	2
	
	4


Table 3. Example 3: System BW = 6RBs. eNB supporting max 1 UE/RB. 
Extended CP. PHICH load=1.
	First RB in first slot
	UL DM-RS Cyclic shift
	PHICH idx
	Spreading idx

	1
	1
	1
	1

	2
	1
	
	2

	3
	1
	2
	1

	4
	1
	
	2

	5
	1
	3
	1

	6
	1
	
	2


3 
Conclusions

To determine the PHY resources used for the DL-ACK transmission of a UE in a given subframe, we propose to use a combination of:

· Index of first RB used for PUSCH transmission in first slot in the subframe
· The number of DL-ACK resources can be limited by having different values of PHICH load. This value should be broadcast to the UEs in some SU. 

· Cyclic shift index used for UL DM-RS transmission

· The max number of cyclic shifts supported by the eNB is broadcast as part of one SU so that the DL-ACK allocation is known for all UEs

Note that this scheme is equally valid for persistent as well as for scheduled PUSCH transmissions. 

Further, note that the cyclic shift index used by a UE can be either explicitly or implicitly signalled on the UL grant, or can be configured by higher layers. In either case, the determination of DL-ACK resources for a given UE at a given subframe holds as stated above. 
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