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1 Introduction

The uplink ACK/NAK channel uses CDM based multiplexing of different UE signals transmitted in the same resource block (See Fig.1). In order to increase multiplexing capability, the CDM multiplexing combines both frequency- and time-domain orthogonal codes:
-  Cyclic shifts of the ZC sequence within the transmission block

-  Orthogonal covers (using e.g. DFT or Walsh-Hardamard code) spreading over the transmission blocks 
It has been already agreed, as working assumption, to use three blocks for reference signal (RS) transmission in each slot. But, it has yet to be decided on the exact placement of RS blocks and on the multiplexing structure. In this contribution, we investigate the performance and CDM multiplexing capability of three different RS structures for the uplink ACK/NAK channel.
2 Reference signal and multiplexing structure
With three RS blocks in the slot, three possibilities of different RS positions are considered as shown in Fig. 2:
- Structure A: fully separated RS blocks as shown in Fig. 2(a)
- Structure B: evenly spaced RS blocks as shown in Fig. 2(b)
- Structure C: consecutive RS blocks as shown in Fig. 2(c)
For CDM multiplexing in the time domain, DFT codes are used for multiplexing of the reference signals, and two types of Walsh covering with different code lengths are considered for ACK/NAK data:
-Multiplexing option I: length-4 Walsh code for data, length-3 DFT code for RS
-Multiplexing option II: length-2 Walsh code for data, length-3 DFT code for RS
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Figure 1 Control channels in the uplink 


[image: image2.emf]C0 C1 R1 C3 R0 R2 C2

C1 R0 R1 C2 C0 C3 R2

R0 C1 R1 R2 C0 C3 C2

BL #0 BL #6 BL #1

BL #4 BL #3

BL #2

BL #5

(a) Structure A

(b) Structure B

(c) Structure C

Reference Signal Data

Slot (0.5 ms)


Figure 2 Candidate slot structures for the uplink ACK/NAK channel 
3 Simulations
The link-level simulation parameters are listed in Table I. Figure 3 compares the bit error rates (BERs) versus SNR per subcarrier per Rx antenna for the three structures. In the simulation, 18 UEs are multiplexed together using the multiplexing structure of the option I. Figure 4 compares the performance of the three RS structures, where 12 UEs are multiplexed simultaneously using the multiplexing structure of the option II.
Table I Link-level simulation parameters
	Parameter
	Configuration

	Carrier frequency/ System bandwidth
	2.0 GHz / 5 MHz

	Channel model
	TU-6,  no spatial correlation

	Antenna configuration
	1 Tx, 2 Rx

	UE speeds
	3 km/h, 120 km/h, 350 km/h

	Resource allocation
	12 sub-carriers per slot, 2 slots (bottom and top bands)

 (See Fig. 1)
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Figure 3 Performance of uplink ACK/NAK: BPSK, 18 UEs
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Figure 4 Performance of uplink ACK/NAK: BPSK, 12 UEs
The simulation results are summarized as follows.
· Multiplexing option I: The structures A, B, C can support 18 UEs up to ~ 120 km/h. The structure C shows the best performance at moderate to high UE speeds.
· Multiplexing option II: The structure C shows the best performance. Only the structure C can support 12 UEs at 350 km/h.
4 Conclusion
In conclusion, based on our simulation results, we propose to adopt the structure C with three RS blocks consecutively positioned at the center of the slot for the uplink ACK/NAK frame structure. Regarding the time-domain multiplexing structure, we propose to use the length-3 DFT spreading for RS multiplexing and to have two configurable options for ACK/NAK data multiplexing, i.e, length-4 and length-2 Walsh-covering and  allow the cell to configure which option to use depending on cell environment.
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