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1 Introduction

In RAN1#48 meeting, the following working assumption was agreed for ACK/NACK control signalling and relevant pre-configured resources [1]:

· The resources used for ACK/NACK are configured on a semi-static basis

· Defined independently of the control channel format

· Implicit relation between the uplink resources used for dynamically scheduled data transmission, or the DL control channel used for assignment, and the downlink ACK/NAK resource used for feedback.
However, the last bullet point does not clearly indicate how the ACK/NACK is signaled to a specific UE. 
In this document, we discuss the existing signalling options for DL ACK/NACK signalling and provide preferred option for implicit ACK/NACK signalling.
2 Implicit ACK/NACK Signalling
Within the implicit signalling, there are at least two options:
· Option 1: Implicit relation between the uplink resources used for dynamically scheduled data transmission and the downlink ACK/NAK resource used for feedback.

· Option 2: Implicit relation between the DL control channel used for assignment and the downlink ACK/NAK resource used for feedback:
· One-to-one relationship between the index of the downlink L1/L2 control channel for uplink radio resource assignment and the index of ACK/NACK radio resources.

Option 1 assumes that the number of ACK/NACK resources (PHICH) is equal to the number of uplink resource blocks (RBs) so that there is a relationship between them. However, the dis-advantage with Option 1 is that if one UE is allocated multiple RBs in the uplink, then there is same number of PHICH resources corresponding to these RBs. It is not efficient that eNodeB to signal one ACK/NACK information to all these PHICH resources. However, it is possible to use only the PHICH resource index corresponding to the first RB index for ACK/NACK transmission, resulting that the remaining PHICH resources are not used, i.e. wasting some resources.
In SDMA for UL transmissions, Option 1 even wastes more resources by doubling the PHICH resource allocations compared to without supporting SDMA transmission. One way to avoid doubling PHICH resources when SDMA transmission is supported is to restrict the number of multiplexed UEs to be equal or less than the number of scheduled VRBs. By adding together the first RB index and DM RS cyclic shift index value (CSI), UE can work out which PHICH resource to receive from the DL ACK/NACK information.
· Example 1: 2RBs can be scheduled on  not more than 2UEs:

· PHICH resource index of UE1 = First RB index + CSI index = 0+0 = 0

· PHICH resource index of UE2 = First RB index + CSI index = 0+1 = 1

· Example 2: 3RBs can be scheduled on  not more than 3UEs:

· PHICH resource index of UE1 = First RB index + CSI index = 0+0 = 0

· PHICH resource index of UE2 = First RB index + CSI index = 0+1 = 1

· PHICH resource index of UE3 = First RB index + CSI index = 0+2 = 2

Option 2 assumes one-to-one relationship between the index of the downlink L1/L2 control channel for uplink radio resource assignment and the index of PHICH resources. The dis-advantage with Option 2 is that UE does not know its index relative to the other downlink L1/L2 control channel for uplink radio resource assignment. UE only knows that it correctly decoded its L1/L2 control channel for uplink radio resource assignment.
In the last way forward agreement [1], it was agreed that the control channels are formed by aggregation of control channel elements (CCE). The assumption is that each UE knows its MCS format so that it can try some decoding attempts blindly to find its downlink L1/L2 control channels. If UE decodes its downlink L1/L2 control channel for uplink radio resource assignment, then it knows the indices of the assigned control channel elements (CCE) relative to all other CCEs in the bandwidth. In that case, it is possible that UE uses one-to-one relationship between the index of the PHICH resource and the index of the CCE. However, there is large number of CCEs in the system bandwidth and UE may be assigned one or multiple CCEs. In case multiple CCEs are assigned to the UE, it is possible to use only the PHICH resource index corresponding to the first index of the assigned multiple CCEs. However, it is obvious that Option 2 has similar dis-advantage as in Option 1 by wasting some PHICH resources. Further more; Option 2 has another big dis-advantage for synchronous HARQ because there is no control channel (CCE) that can be associated with the UL retransmissions.
3 Conclusions

In this document, we have discussed the existing signalling options for DL ACK/NACK control signalling and show the dis-advantage of each option. Option 1 provides reasonable PHICH resources when SDMA is supported by restricting the number of multiplexed UEs to be equal or less than the number of scheduled VRBs. By adding the first RB index to the DM RS cyclic shift index value (CSI), so that UE can work out which PHICH resource to receive from the DL ACK/NACK information. Hence our preference is Option 1:

· Implicit relation between the uplink resources used for dynamically scheduled data transmission and the downlink ACK/NAK resource (PHICH) used for the feedback.
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