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1   Introduction
This paper discusses details of multiplexing structure of uplink data-non associated control signal with data transmission.
2   Requirements
We consider the followings are requirements for multiplexing structure.
· Wide coverage
· Low overhead

· Less options

· No additional downlink signalling

With considering these requirements, the followings should be decided.
· Resource size
· Modulation scheme

· Coding scheme

· Format
3   Number of options for format
Number of options for format depends on the following two items.

· Resource size for data-non-associated control signal should be flexible?

· Single or multiple formats for ACK only, CQI only or CQI/ACK transmission?
To achieve wide coverage and low signaling at the same time, MCS and/or Resource size should be adaptive. As these can be decided by one to one relation with MCS of data CH, no additional signal is required.  
If it can be done only by adaptive MCS, it is preferable as resource size for data CH has less number of options. However, additional resource allocation for repetition will be required to achieve enough coverage as high reliability is required for control signal.
Table 1 shows an example of adaptive MCS and resource size for uplink data-non-associated control signal.
Table 1 Example of adaptive MCS and resource size for uplink control signal

	Channel quality
	MCS of Data CH
	MCS of control CH
	Resource size for control CH

	7 (High)
	MCS7
	Control MCS4
	X

	6
	MCS6
	Control MCS3
	X

	5
	MCS5
	Control MCS2
	X

	4
	MCS4
	Control MCS1
	X

	3
	MCS3
	Control MCS1
	2X

	2
	MCS2
	Control MCS1
	3X

	1(Low)
	MCS1
	Control MCS1
	4X


Single format for transmission of ACK only, CQI only or CQI/ACK transmission is preferable from the point of reducing the number of options. However, signaling overhead and coverage should be also considered to decide whether single or multiple formats as discussed in [1].
To achieve higher coding gain, joint coding of CQI and ACK with single format is possible way. However, it will not be effective as performance requirements are different between CQI and ACK  and overhead is large for the case of only ACK transmission required.
Therefore, three options will be required for ACK and/or CQI transmission with separate coding.
With considering discussion above, the number of options for format will be sum of (number of resource size options for ACK only transmission), (that for CQI only transmission) and (that for CQI/NACK transmission).
4   Performance compensation for rate matching
The size of data channel is variable with change of control signal resource size including w/ or w/o control signal. Therefore, rate matching by puncturing data packet is required. To compensate performance degradation, the following three schemes are assumed at least.
(a) Power boosting depending on punctured data symbols [1]
(b) MCS decision at Node B with considering data symbols to be punctured

(c) Information bits reduction with considering control resource size
(d) Scheduling data-non-associated control signal w/o data
To discuss on pros and cons of these three schemes, we consider the case w/ or w/o CQI below. 
At first, we consider (a) power boosting. If power is boosted according to the punctured symbols as shown in Fig. 1(a), MCS of data and that of control signal can keep one to one relation and no additional control signal is required. However, power can not be boosted in power limited situation as mentioned in [1]. The case degradation by puncturing is large will be when bandwidth is narrow and/or CQI is low. Therefore, compensation seems to be more important in power limited situation.
Next, option (b) shown in Fig. 1(b) can achieve similar performance with power boosting. UE can detect MCS of control signal by MS of data and the number of allocated RBs as they have one to one relation. However, lower MCS can not be selected in power limited situation. Therefore, the same consideration with that of power boosting exists.

Option (c) just reduces the number of information bits. It also keeps one to one relation between data MCS and control MCS. Moreover, it works even in power limited situation.
In option (d), Node B schedules either Data or CQI only when puncturing affects performance degradation of data channel. Both Data and CQI can be scheduled when the ratio of CQI is relatively small as shown in Fig. 1(d) and puncturing does not cause performance degradation.
With considering the discussion above, our current preference is option (c) and/or (d) as it works even in power limited situation and UE procedure is simple.
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Fig. 1 Degradation avoidance schemes
5 Conclusion
In this contribution, we showed our view on details of multiplexing structure of uplink data-non associated control signal with data transmission. Our preferences are as following.
· Different formats between ACK only, CQI only and ACK/CQI transmission
· One to one relationship between MCS of control signal and that of data channel
· For performance compensation of rate matching option (c) Information bits reduction with considering control resource size and/or option (d) Scheduling data-non-associated control signal w/o data
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(d) Scheduling data-non-associated control signal w/o data
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(b)MCS decision with considering punctured data symbols
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(c)Information bits reduction with considering control channel size
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