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1 Introduction
Different designs for uplink ACK transmission have been proposed for LTE. One proposal is to map the assignment of uplink ACK channels to the downlink control channels that are used for downlink grant. Based on agreement reached in St. Louis on downlink control channel design [1], a downlink grant message can be transmitted on multiple control channel elements that are aggregated in certain fashion. In this contribution, we propose to link the ACK channel resource to downlink aggregated control channel candidates to support downlink MCW MIMO transmissions.
2 Uplink ACK channel allocation for MCW MIMO
It is agreed in [2] that some resources, namely control channel elements, are reserved for downlink control channel transmission. Control channel candidate sets can be constructed based on the control channel elements reserved for downlink control channels. Each downlink control channel can be transmitted on one of the control channel candidate set. An example of control channel elements and control channel candidate set is shown in Figure 1. In this example, 11 control channel candidate sets can be constructed on 6 control channel elements. In the rest of the document, we will refer to these control channel candidate sets as control channel resource sets, or simply, resource sets.
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Figure 1. Control channel elements and aggregation
In [1], we propose to adopt non-coherent signalling as the working assumption for uplink ACK channel transmission due to its superior performance, multiplexing capability, and ease of implementation. In the case of non-coherent ACK signalling, multiple ACK resources are needed to signal two ACKs. There are different ways of non-coherent signaling schemes to transmit two ACKs using multiple ACK channel resources. 
One example is shown in Table 1. Four distinct ACK channel resources, i.e., offsets of Zadoff-Chu sequence, are used to signal the four states of the two ACKs. In this case, a simpler receiver can be implemented for ACK channel detection if we can tolerate the overhead and performance with the equal false alarm and miss rate. One concern about this approach is the large number of ZC sequence offsets required, which may either consume excessive resources for uplink ACK transmission or limit our ability to support downlink MIMO transmissions. In addition, it is difficult, if not impossible, to perform Neyman-Pearson type of detection [8] to guarantee a desired false alarm rate. If 10-3 error rate needs to be achieved for both false alarm and miss rate, excessive transmission power may be required. 
Table 1. Using four ACK resources to represent two ACKs

	ACK resource
	ACK1
	ACK2

	ZC sequence offset k1
	NAK
	NAK

	ZC sequence offset k2
	NAK
	ACK

	ZC sequence offset k3
	ACK
	NAK

	ZC sequence offset k4
	ACK
	ACK


Alternatively, we can use three ACK channel resources to signal the four states of the two ACKs, as shown in Table 2. In this case, interference estimation is needed to properly set the detection threshold for Neyman-Pearson type of detection. 
Table 2. Using three ACK resources and OFF to represent two ACKs

	ACK1
	ACK2
	ACK resource 1
	ACK resource 2
	ACK resource 3

	NAK
	NAK
	OFF
	OFF
	OFF

	NAK
	ACK
	ON
	OFF
	OFF

	ACK
	NAK
	OFF
	ON
	OFF

	ACK
	ACK
	OFF
	OFF
	ON


Alternatively, we can use two ACK channel resources to signal the four states of the two ACKs, as shown in Table 3. Note in this case, two ACK resources need to be turned “ON” in the same subframe. TDM can be used to define ACK resources so that low PAPR of the time domain signal can be maintained. Again, interference estimation is needed to properly set the detection threshold for Neyman-Pearson type of detection. 
Table 3. Using two ACK resources to represent two ACKs

	ACK1
	ACK2
	ACK resource 1
	ACK resource 2

	NAK
	NAK
	OFF
	OFF

	NAK
	ACK
	ON
	OFF

	ACK
	NAK
	OFF
	ON

	ACK
	ACK
	ON
	ON
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Figure 2. Mapping multiple ACK resources to control channel resource sets
In summary, multiple ACK channel resources are needed to acknowledge 2 codewords if non-coherent signalling scheme is used. Among the three possible schemes as described above, we prefer to use two TDMed ACK channel resources as shown in Table 3 in the case of 2CW MIMO feedback because it uses the least amount of ACK channel resources while maintaining low PAPR of the signal.
Obviously, we want to minimize the number of downlink control channel elements and the number of uplink ACK resources reserved. Assuming there are 24 downlink control channel elements and assuming 2 ACK resources are needed for ACKing 2CWs. In the worst case, 48 uplink ACK resources would be needed as each of the 24 downlink control channel elements could be used to send a downlink MIMO grant message with 2CWs. However, we do not envision this is a likely event and would like to reduce the number of uplink ACK resources reserved. We propose to link a few downlink control elements to multiple uplink ACK resources to support downlink MIMO grant. Figure 2 shows an example of the mapping. In this example, when a downlink grant uses control element 0 and is an 2CW MIMO grant, the associated uplink ACK resources will be {0, 1}. Note the downlink control elements 1 is also mapped to uplink ACK resources 1. If downlink control element 0 is used to transmit a 2CW MIMO downlink grant message, uplink ACK resources {0, 1} will be taken. In that case, downlink control elements 1 can be used for other purposes, e.g., uplink grant. 
3 Conclusion
In this contribution, we propose to establish a mapping relationship between uplink ACK channel and downlink control channel elements to support downlink MCW MIMO transmission. We propose to use two TDMed uplink ACK resources with non-coherent signaling for downlink MCW MIMO acknowledgements. The proposed signaling scheme is shown in Table 3. We also propose to only link a few downlink control elements to multiple uplink ACK resources to reduce the number of uplink ACK resource needed to support downlink MCW MIMO operation.
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