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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. Some new suggestion is also given.
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
This contribution considers the control only case.

Figure 1a&b illustrated a multiplexing scheme of uplink control without data. The ACK/NACKs are code-multiplexed, basically. Different UEs can also be TDM. Each ACK occupy 1LB and n*12 sub carrier to align with resource block size. 
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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 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 number of sub-carriers, UE can use much higher power than data to transmit ACK/NACK. Generally, we suggest ACK/NACK transmitted in 1 RB basis.
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. That means inter-slot hopping.
4 ACK/NACK multiplexing scheme and performance
To address ACK/NACK scheme, we compared different methods of ACK/NACK multiplexing. The simulation assumption is given as blow.
	
	

	Numerology
	5MHz @ 2GHz

	Number Of UEs
	1

	Number of ACK/NAK Bits
	1

	Resource Block
	180 kHz (15 kHz x 12) 

	Number of RBs for ACK/NAK
	1 LB

	UE Velocity
	3 km/h

	Channel Model Power – Delay Profile
	TU

	Number of Receive Antennas
	2

	Number of Transmit Antennas
	1


Table 1 
4.1 Demodulation without RS
Two types of non-coherent demodulation methods for ACK/NACK are listed here: CAZAC cyclic shift and differential coding. Both of the methods are independent to reference signal and provide flexibility of frequency hopping.
4.1.1 CAZAC cyclic shift 
CAZAC shift based schemes have been proposed by contribution [3] and [4]. For 12 sub-carriers, shift distant down to 3 can give up to 4 orthogonal sequences. The benefit of CAZAC cyclic shift is low CM and fair performance. Without the limitation of reference signal, a RB can multiplex more UEs with CAZAC shift than with coherent methods. Following working on LTE will decide whether uplink control requires some scheme with large number of UEs. Another benefit of CAZAC cyclic shift is the potential of inter-cell interference reduction by different base sequences belong to different UE. We may not expect much interference reduction, since the CAZAC sequence length is limited by RB sizes. The length of ACK/NACK code has very little chance to exceed 1 RB within an LB. Note interference could go higher when time/frequency error occur. 
4.1.2 Differential codeing of ACK/NACK

1 RB has 12 sub-carriers, which give very close channel condition within 1 RB. Sub carriers next to each other or close to each other gives very similar signal response. Differential coding employs the property. Suppose the ACK= (a1 a1 a2 a2……) and NACK= (a1 -a1 a2 -a2……). All of the sequence map to continuous sub-carriers. Receiver side perform correlation for every two sub-carrier. It decode as ACK when sum>0, otherwise NACK.
For uplink there is no strict sequence with value equal in all pairs of sub-carrier. We can find sequence satisfy
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. Figure 2 gives the performance of 12 length sequence list in annex. 
Suppose the Ri is the receiving signal of the specific sequence. Ci=A2i+1 /A2i. 
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 multiple +1，-1，-1，-1，+1，+1, respectively. The sum will decide it is ACK or NACK.
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Figure 2 Performance of Differential coding.
The complexity of decoding is much simpler than other methods. Considering NodeB may decode a numbers of ACK/NACK channels, this is give better feasibility. As CAZAC cyclic shift, the differential coding can also code-multiplex UEs. 
4.2 Coherent demodulation
To evaluate the performance with channel estimation, coherent demodulation is simulated. Both CAZAC sequence and random sequence are chosen.

[image: image7]
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 the 4 curves is nuance. In general, the coherent performance outperforms differentiation. Thus the coherent method is more satisfiable, if we don’t consider the overhead of RS. 
5 Conclusion

In this contribution, we give the multiplexing schemes of uplink control signalling and an ACK/NACK sequence design.  In general, Coherent ACK/NACK demodulation is better in performance but may limited by reference signal. If we decide to have more than 12 UE in one RB, the non-coherent scheme is preferred.
We also suggest considering differential coding for non-coherent scheme, for the benefit of low complexity and good link performance.
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ANNEX:

ACK：
[1.0000 + 1.0000i   1.0000 + 1.0000i   1.0000 - 1.0000i   1.0000 - 1.0000i  
-1.0000 + 1.0000i  -1.0000 - 1.0000i   1.0000 + 1.0000i  -1.0000 - 1.0000i   
1.0000 - 1.0000i  -1.0000 + 1.0000i  -1.0000 + 1.0000i   1.0000 + 1.0000i]; 

NACK：
 [1.0000 + 1.0000i  -1.0000 + 1.0000i   1.0000 - 1.0000i   1.0000 + 1.0000i   
1.0000 - 1.0000i   1.0000 - 1.0000i    -1.0000 - 1.0000i  -1.0000 + 1.0000i  
-1.0000 + 1.0000i   1.0000 + 1.0000i  -1.0000 + 1.0000i   1.0000 - 1.0000i]；
After DFT transformation：
ACK_DFT：
[2.0000 + 2.0000i   1.4641 + 1.4641i  -1.4641 - 1.4641i   2.0000 + 2.0000i   
5.4641 + 5.4641i  -5.4641 - 5.4641i    2.0000 + 2.0000i  -1.4641 - 1.4641i  
-1.4641 - 1.4641i  -2.0000 - 2.0000i   5.4641 + 5.4641i   5.4641 + 5.4641i]；
NACK_DFT：
[2.0000 + 2.0000i  -1.4641 - 1.4641i   1.4641 + 1.4641i   2.0000 + 2.0000i   
5.4641 + 5.4641i   5.4641 + 5.4641i   -2.0000 - 2.0000i  -1.4641 - 1.4641i  
-1.4641 - 1.4641i   2.0000 + 2.0000i  -5.4641 - 5.4641i   5.4641 + 5.4641i] 。
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