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1 Introduction
In RAN1#47bis meeting, the following issues about uplink data-non-associated control signal were agreed.

· Data-non-associated control signals between UEs are multiplexed by CDM or FDM.
· Design of UL control channels in absence of scheduling of UE data can assume 20MHz.

· Each frequency resource is a multiple of 12 subcarriers.
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Fig.1 Example of multiplexing for non-data-associated control signal without data
This contribution discusses details of multiplexing structure of uplink data-non associated control signal without data transmission.
2 Requirements
We consider the followings are requirements for multiplexing structure.
· Wide coverage
· More multiplexing UEs
· Less format options

· More flexibility of control size

With considering these requirements, the followings should be decided.
· Multiplexing of different control signal for the same UE
· The number of transmission format
· Adaptive MCS for control signal transmission
· Bandwidth of control signal
3 Multiplexing of different control signal for the same UE
Fig.2 shows the two method of multiplexing of different control signal for the same UE. In fig (a), , data-non-associated control fields are coded jointly[1]. In fig (b), ACK/NACK field and CQI field are coded separately and they are multiplexed by block level TDM [2,3].
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Fig. 2 Joint coding and separate coding
It is known that different control fields have different performance requirements. For example, ACK/NACK requires higher reliability than CQI.

In joint coding, large coding gain can be obtained. However, it will be difficult to adjust the performance requirements of different control field. On the other hand, in separate coding, it is possible to adjust the performance requirement of different control field by using different coding rate or repetition.
With considering discussion above, we prefer separate coding to joint coding.

4 The number of transmission formats 

Single format for transmission of ACK/NACK only, CQI only or both of them is preferable from the point of reducing the number of format options. However, coverage and efficiency of control field should be also considered to decide whether single or multiple formats.

If single format (ACK/NACK+CQI format) is assumed, in the case of only ACK/NACK transmission, dummy bits are transmitted in CQI field. Since it is considered that the size of CQI field is the same as that of ACK/NACK field or larger [2,4], there is much waste of resource.
With considering discussion above, at least 3 formats (ACK/NACK only, CQI only and both of them) should be supported (See fig. 3). In case of using only these three formats, additional signaling by format reporting is not needed as format and transmission mode has one to one relation. For ACK/NACK and CQI simultaneous transmission, CQI bits can be flexible by changing resource ration between ACK/NACK and CQI depending on channel quality. However, additional signaling for format reporting is needed. Hence, trade-off issue between flexibility and overhead should be considered to adopt it.
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Fig.3 Multiple formats
5 Adaptive MCS for control signal transmission
When different UEs are multiplexed by CDM, 1 symbol per LB can be transmitted to achieve orthogonality between UEs. For example, the number of CQI bit per subframe is shown in following table 1. In this table, it is assumed that 12 LBs and 2 LBs are utilized for CQI and RS, respectively. When ACK/NACK is transmitted simultaneously, the number of CQI bits decreases. 
With fixed MCS, the number of CQI bits per subframe is limited to achieve enough coverage at the same time. With adaptive MCS, the number of CQI bits can be maximized depending on uplink channel quality. However, MCS for control signal should be signaled in downlink. Hence, the trade-off issue between the number of CQI bits and signaling overhead.
Table 1 Example of the number of CQI bits
	MCS
	16QAM R=1/2
	QPSK R=1/2
	QPSK R=1/3
	QPSK R=1/4

	Number of CQI bits
	18
	12
	8
	6


6 Bandwidth of frequency resource
Current working assumption is that each frequency resource is a multiple of 12 subcarriers. It means that several bandwidth of frequency resource can be utilized.
Even though the bandwidth of frequency resource is extended, the number of CQI bits doesn’t become large. If slot based FH is exploited, additional frequency diversity gain from extending bandwidth isn't large. If there are several bandwidths, flexibility of UE multiplexing becomes low. The reason is that it is impossible to achieve orthogonality between UEs of different bandwidth.
With considering discussion above, it is unnecessary to support several bandwidths of frequency resource.

7 Conclusions
In this contribution, we showed our view on details of multiplexing structure of uplink data-non associated control signal without data transmission. Our preferences are following.
· Each control field of the same UE should be coded separately. 
· At least, 3 formats (ACK/NACK only, CQI only and both of them) should be supported.

· Supporting multiple formats for ACK/NACK and CQI simultaneous transmission and adaptive MCS should be discussed with considering trade-off between flexibility of the number of control bits and downlink signaling overhead.
· Each bandwidth of frequency resource for control signals without data should be same.
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