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1. Introduction

In RAN1#48bis, it was agreed that the ACK/NACK will be transmitted in a CDM/FDM manner.  This contribution briefly discusses the ACK/NACK mapping and implicit association between ACK/NACK and uplink transmission. 
2. CDM/FDM Mapping
It has been agreed that the ACK/NACK will be transmitted in a CDM/FDM manner. That is, ACK/NACK transmissions are code-multiplexed using orthogonal sequences within a predefined time frequency region.    CDM allows for power control between acknowledgments for different users and provides good interference averaging.  In addition, it can provide frequency diversity among different users without using repetition required for FDM multiplexing.  However, in pure CDM transmission orthogonality is not maintained in frequency selective channels for wideband transmission [3].  Figure 1 illustrates the CDM/FDM mapping for ACK/NACK.  To maintain orthogonality in frequency selective channels, the size of each ACK/NACK region must be small enough for the channel to remain flat (usually the size of a region is less than 12 sub-carriers or 180 kHz).  Acknowledgements from multiple users are then code-division multiplexed together with each region.  In the case that a region cannot accommodate all needed acknowledgements, additional ACK/NACK regions must be defined as shown in Figure 1.  To obtain frequency diversity the regions are repeated several times over the entire bandwidth.  In general, repetition factor of 4 has been shown to provide good diversity although to reduce bandwidth overhead smaller repetition factor may be used.
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Figure 1.  CDM/FDM mapping for ACK/NACK.
An alternate solution to CDM/FDM is pure CDM as proposed in [1].  Although orthogonality is not maintained in frequency selective channels for wideband transmission, this solution requires less bandwidth overhead.  In addition, mapping to physical resource may also be simpler since ACK/NACK may be mapped into control channel elements as shown in Figure 2.  
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Figure 2.  CDM mapping for ACK/NACK into CCE.
Performance degradation with pure CDM is shown in Figure 3.  Table 1 lists relevant simulation parameters.  For the FDM case, one symbol is used to convey acknowledgment information to a particular user.  For the CDM case, orthogonal spreading using a length 12 Walsh-Hadamard sequence is applied to each acknowledgment.  In both cases, 12 acknowledgements are transmitted simultaneously using distributed allocation within the second OFDM symbol.  With moderate power imbalance, performance degradation is small with an MMSE receiver.  However, with severe power imbalance (in this example - the sequence of interest is 10dB below the other 11 interfering sequences), it is seen that performance degrades by approximately 4dB. 
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Figure 3.  ACK performance at TU 3 km/h.

3. Implicit ACK/NACK resource mapping
To save on downlink signalling overhead, implicit association of ACK/NACK resource assignment should be used.  Two implicit association methods have been proposed – (1) implicit relation based on the uplink resources used for dynamically scheduled data transmission, and (2) implicit relation based on the DL control channel used for assignment.  The main issues regarding the two implicit signalling methods are discussed as follows –

· Implicit relation based on the uplink resources – By associating the ACK/NACK resource with the assigned uplink resource, this provides a unique mapping as long as the resources assigned are distinct (i.e. in the SIMO case).  For example, the first resource block assigned to the UE on the uplink is used for ACK/NACK resource mapping in the downlink.  One drawback of this approach is that ACK/NACK resources must be defined for each possible uplink resource assignment.  For instance, in a 5MHz system, 25 different resources must be defined to support SIMO operations.  However, with CDM multiplexing the overhead in term of number of actual sub-carriers used may not be significantly increased.  With MIMO, a possible solution is to define a separate ACK/NACK resource for different streams, which will significantly increase the number of reserved resources (e.g. 50 different resources in 5MHz with MU-MIMO). An alternate approach may be to provide only one ACK/NACK for MIMO, which will reduce the efficiency for multiple access schemes somewhat.  Note that when several UEs share the same control channel grant assignment, e.g. via grouping, this approach does not require special handling since the implicit relation is tied to the resource blocks used by the grouped UEs.
· Implicit relation based on the DL control channel used for assignment – By associating the ACK/NACK resource with the DL control channel used for assignment, that the number of ACK/NACK resources reserved is equal to the maximum number of control channel elements used for UL scheduling grants (e.g. for 5MHz this might be 11 UEs which is also the maximum number of UEs that can be dynamically scheduled on the uplink for a given subframe).  In addition, UL MU-MIMO can be handled easily since the ACK/NACK resource assignment is tied to the control channel.  However, with this approach, uplink transmission without a corresponding control channel grant (e.g. persistent transmission and H-ARQ re-transmission) must be handled separately and additional resources need to be assigned.  In this case, it is not cleared whether ACK/NACK resource assignment can be made implicitly.  In the case that several UEs share the same control channel grant assignment, e.g. via grouping, a separate ACK/NACK resource is defined for this group of UEs with the number of ACK/NACK resources reserved equal to the maximum number of UEs in a group that can be scheduled per subframe.  Here the order of the UEs in the bitmap and the resource block number assigned to each scheduled UE in the group implicitly point to the ACK/NACK resource which therefore supports the UL MU-MIMO.
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Table 1.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	1 ms

	FFT size
	512

	Sampling rate
	7.68 MHz

	Resource Block BW
	180 kHz (12 sub-carriers)

	No of Resource Blocks
	25

	No of ACK/NACK Channels
	12

	CDM Orthogonal Sequence 
	Walsh-Hadamard

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Channel estimator
	Non-Ideal with linear interpolation 

between sub-frames

	Modulation
	BPSK

	# of TX antennas
	2 (with cyclic delay diversity)

	# of RX antennas
	2






























































































































































































































































