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1 Introduction
As a continuous study of Uplink control, the version includes more data analyses to address uplink control. A multiplexing and multiplex access scheme is also shown. Analyses based on the conclusion of last meeting are introduced.
2 Uplink signaling separation.
Compare to scheduling request, ACK/NACK and CQI consume more resource and occur frequently. CQI generally consume more information bits than ACK/NACK. 
ACK/NACK takes up to 1 bit per resources block. To reduce the overhead, one solution feasible is to code the two type of control together. By this way, we can design multiplexing scheme without take extra care on SC property. However, the BER and requirement for each control are different. The concurrency of ACK/NACK depends on the number of data packet. Sending of CQI is more depends on DL traffic and channel condition of the specific UE.
Thus, separating the two controls is needed. 
3 Multiplexing schemes

In the previous meeting, transmission of non-data-associated control signalling was classified:

· Simultaneous transmission of control signalling and data in the uplink

· Transmission of control signalling only
For ACK/NACK, it is complicate to multiplex with uplink data in a sub-frame, keeping in mind that the uplink and downlink data is not always transmitted in same time. This contribution considers the control only case.

Figure 1a&b illustrated a multiplexing scheme of UE. The ACK/NACKs are timely multiplexed. Different UEs are also TDM. Each ACK occupy 1LB and n*12 sub carrier to align with resource block size. ACK/NACK value is coded by CAZAC sequences by zero correlation property. 
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Figure 1a CDM Multiplexing of uplink control, multiplexing CQI and ACK in different slot.
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Figure 1b CDM Multiplexing of uplink control, multiplexing CQI and ACK in 1 slot.
Each UE’s ACK/NACK can hop to different set of sub-carriers to utilize frequency diversity. Note that if CQI is sending in the reserved side sub-carriers, it ensures frequency diversity as well. This scheme also allows CQI to be sent with an interval independent to ACK/NACK. It is possible to pack one CQI map to multiple Blocks and/or sub-frames. With sufficient low ‘n’, UE can use much higher power than data to transmit ACK/NACK. 
Note the multiplexing scheme may increase the burden of RS LB, considering that the number of sub-carrier is small. In this sense, the Figure1a is preferred.

4 ACK/NACK coding scheme and performance
Two coding parameters are taken in to consideration. The CAZAC length is 12 and 18 for each other. The CAZAC sequence is generated by:
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Different shift represent ACK or NACK respectively. For 18CAZAC, 
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 are chosen respectively. Simulation assumptions are given in the table 1. Please note the non-coherent demodulation use only one receive antenna coherent demodulation use 2 receive antennas. This contribution assumes two SB structure.
	
	

	Numerology
	5MHz @ 2GHz

	Number Of UEs
	1

	Number of ACK/NAK Bits
	1

	Resource Block
	180 kHz (15 kHz x 12) 12CAZAC

360 kHz (15 kHz x 24) 18CAZAC

	Number of RBs for ACK/NAK
	1 LB

	UE Velocity
	3 km/h

	Channel Model Power – Delay Profile
	TU

	Number of Receive Antennas
	1 (2)

	Number of Transmit Antennas
	1


Table 1 
4.1 Differentiation demodulations

For 12 CAZAC the sequence occupy exact 12 sub-carriers. For 18 CAZAC, 6-point cyclic prefix are applied. The detection of CAZAC is done by correlation of 
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shift. Reference signal is not used in detection. This gives uniform performance for different position of blocks. The unused RS block can be used for more control signal and save a bit more uplink resource. To avoid the ISI, the detection algorithm uses the 1st tap and fist 3 tap for length 12 and length 18, respectively.

Figure 2 shows performance comparison. The 18 CAZAC archive 10e-3 with SNR=0db or less. The performance falls into area with low-SNR. Note that the performance should be sufficient with 2 receivers.
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Figure 2 Performance of 12CAZAC vs 18CAZA, differentiation demodulation.
In this simulation, the channel estimation is not been used for the flexibility of frequency hoping. If we use the structures in figure 1a, which means relative few frequency positions, the reference signal can be used to compensate fading signal. Thus the performance can be improved while keeping the possibility of boosting ACK/NACK.
4.2 Coherent demodulation

[image: image10]
Figure 3: Performance of 12CAZAC vs Random Seq., coherent demodulation.
Figure3 shows the simulation result of comparison between 12 CAZAC and random sequences. The difference of performances is nuance. In general, the coherent performance outperforms differentiation. Thus the coherent method is more satisfiable. The CAZAC is preferred for lower CM than random sequences.
5 Conclusion

In this contribution, we give the multiplexing schemes of uplink control signalling and an ACK/NACK sequence design.  Since the RAN1 has agreed that the UE do not hop within a slot, coherent demodulation of ACK/NACK is more advantageous. To ensure a good performance of channel estimation, the UEs been multiplexing one slot should be limited to a few number. CQI should be timely multiplexed with ACK/NACK.

We propose this scheme as basis for designing the UL control signal.
In addition, it is suggested to take extra caution in design NACK misdetection based on the proposed scheme. This can be considered with measures enhance cell-edge UEs and large cell size case.
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