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1. Introduction

In this contribution, design of the downlink acknowledgment and group transmit indicator channels is considered.  The downlink acknowledgment channel is used to convey ACK/NACK bits in response to uplink data transmissions.  The transmit indicator is a per-UE dedicated control bit used as a transmission indicator for individual members of a group.   Note that this is a resubmission of [1] with some modifications.
2. L1/L2 Control Channel Design

In the RAN1#47 meeting it was decided that downlink control signaling is located in the first n OFDM symbols with n ( 3 and with the earliest DL data transmission start at the same OFDM symbol as the control signaling ends. Multiple control channels are used and a UE monitors a number of control channels. Each channel carries information for one MAC ID and supports at least two formats.  In [2], non-persistent control channel design has been proposed based on fixed size control channel elements which are combined in a predetermined manner to achieve different MCS and are assigned based on a UEs reported CQI.  In addition, frequency diversity should also be supported for the control channel. 

3. Downlink ACK/NACK Channel Design
The following design principles are proposed for the downlink acknowledgment channel - 
· Frequency diverse transmission – Some manner of distributed allocation should be used to provide good frequency diversity.  Representative results in Figure 1 illustrate a large performance gain with frequency diversity.  In the figure, it was shown that approximately 5dB improvement is feasible at the 10e-3 error rate.
· CDM multiplexing among acknowledgments (either pure CDM or hybrid CDM/FDM) - 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, orthogonality is not maintained in frequency selective channels for wideband transmission [3].  Performance degradation from this effect is shown in Figure 1.  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.    As a result, either CDM or a hybrid CDM/FDM scheme (i.e. localized CDM with repetition in different frequency regions) should be used.
· Sequences dictated by the maximum uplink data streams - The number of required sequences is dependent on the maximum number of data streams in the uplink.   This includes data streams that are multiplexed into a resource region assigned to a group.  For instance, 16 users may be multiplexed into one group with 8 transmitting at the same time.  Note that only one group is active within a TTI.  As an example, for 5 MHz system, 24 unique acknowledgements may be supported.  
· Implicit signaling of ACK/NACK sequence index – To save on downlink signalling overhead, implicit association of ACK/NACK sequence should be used.  For example, the first resource block assigned to the UE on the uplink is used as the ACK/NACK sequence index in the downlink.  UEs grouped together automatically select sequence indexes based on ordering in the group.  Other implicit mapping may be possible based on the final design of the control channel and uplink resource assignment.
4. ACK/NACK Performance

Performance of CDM vs FDM one-bit acknowledgments is shown in Figure 1.  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.  From Figure 1, it can be seen that CDM outperforms FDM acknowledgment significantly.  At an operating point of 10e-3 BER, the performance gain for CDM is approximately 5 dB even with a power imbalance of 3dB.  In case of power imbalance, the code of interest is either 3dB or 10dB below the other 11 interfering codes.
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Figure 1.  ACK performance at TU 3 km/h.

5. Group Transmit Indicator

The transmit indicator is a per-UE dedicated control bit used as a transmission indicator for individual members of a group.   That is, for UEs that are grouped together, a per-UE transmit indicator bit is sent to indicate whether uplink data transmission for that UE is allowed or not.  As the transmit indicator field is also a one-bit control field, the proposed ACK/NACK structure is applicable and offers the same advantages.   Therefore, it is proposed to use the same ACK/NACK structure for the transmit indicator control field.
6. Conclusions

In this contribution, it is proposed that DL acknowledgments be code-multiplexed together to improve performance.  In addition, the downlink ACK channel uses distributed allocation within the shared control channel together with user specific power allocation.  Finally, implicit sequence signalling should be used to save overhead.   The same structure is also proposed for the group transmit indicator.
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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 shift diversity)

	# of RX antennas
	2






























































































































































































































































