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1 Introduction
In the RAN1 #46bis meeting, most of contributions on uplink control signalling were not discussed by lack of time. In [1], some multiplexing methods were summarized. It only gave a frame about control signalling. We will further discuss UL control signalling on the basis of single carrier property. This contribution is addressing on non-data-associated control signalling, concerning multiplexing and multiple access among different UEs.
2 Uplink control singnaling information

Uplink control signalling is categorized into two types.  
· Data-associated control signalling
HARQ related information

Transport Format: including modulation format, transport block size, etc.
· Non-data-associated control signalling,
ACK/NAK:  HARQ feedback in response of downlink data transmission
CQI: informing scheduler the current channel conditions
Scheduling Request: requesting resource for uplink data transmission
The contribution is discussing the non-data-associated control signalling.
3 Multiplexing schemes

In [1], transmission of non-data-associated control signalling was classified:

· Simultaneous transmission of control signalling and data in the uplink

· Transmission of control signalling only
When control signalling and data transmit simultaneously, e.g. the left part of Figure 1 which is given in [1], we can see control information occupy all sub-carriers except reserved frequency resource. This is means the possible sub-carriers for all UEs.
In the left part of Figure 2, it is the scheme we give for one UE. Data and control information still maintain time multiplexing at the same time we also consider frequency hopping. Here control information does not occupy all subcarriers but occupy part of subcarriers. That means control information is hopping in frequency. This way of multiplexing adds frequency diversity for one UE. More important, it has good coverage property for control signalling bits locate in a whole subframe or a whole TTI. It should be noted that the ways of hopping is bonded to data. That is, the control should hopping in the same way as data.
When only control signalling transmits, see the right part of Figure 1 which is given in [1] and the right part of Figure 2.
In the right part of Figure 2, it is that we give the scheme. Control signalling bits are still located in reserved frequency, but we consider hopping in reserved frequency. Hopping can take place in both intra-subframe and inter-subframe. The right part of Figure 2 is only for illustrated propose.  
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Figure 1 TDM when Simultaneous transmission of control signalling and data in the uplink (left) and only transmission of control signalling, not transmission of data (right), these two illustrations not considering frequency hopping

[image: image2.emf]One subframe One subframe

1ms TTI

F

r

e

q

u

e

n

c

y

Time

One subframe One subframe

1ms TTI

F

r

e

q

u

e

n

c

y

Time

data pilot control 


Figure 2 TDM when Simultaneous transmission of control signalling and data in the uplink (left) and only transmission of control signalling, not transmission of data (right), these two illustrations considering frequency hopping
4 Multiplexing for multiple UEs within TTI
At present, there are three multiple access schemes for multiple UEs: TDM, FDM and CDM. Pure TDM has not sufficient coverage properties, since every UE is given a fraction of TTI. Considering this, TDM is not feasible for uplink UEs. So, here we will emphasize to analyze the merits and demerits of frequency domain and code domain schemes.
According to different frequency, we can distinguish different UEs. This scheme is straightforward. The scheme is applicable for both data + control and control only cases. The scheme has not far-near problems. Advantages in link budget can be ensured by proper design. However, it may incur inter-cell interference among UEs. 
In CDM scheme, different UEs are multiplexing into time-frequency regions using orthogonal code sequence or low cross-correlation code sequences. OVSF code could one candidate. In this case, inference will reduce for orthogonality among different UEs. In addition using CDM can acquire good processing gain. However, as we know, CDM has a far-near problem with OVSF. So how to reduce or avoid this effect is an issue. CDM is limited for the control only case, e.g. all the UE’s multiplexed in same time-frequency should not transmit data simultaneously.
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Figure 3 CDM Multiplexing of uplink control
5 Conclusion

In this contribution, we give the multiplexing schemes of uplink control signalling and different UEs. As for which schemes are fit for LTE, it will be for further study. It needs to compare and validate by simulation.
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