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1. Introduction

It has been agreed that for the case when no simultaneous data transmission is assumed the control signaling uses a reserved time frequency region.  The control region for odd and even number of resource blocks is shown in Figure 1 and the number of resource blocks (RB) available for control signaling is shown in Table-1 as an example.
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Figure 1. Control region for odd and even number of RB's

Table 1.  Example of numbers of  RB’s available for UL L1/L2 control

	Bandwidth (MHz)
	Number of RB’s for L1/L2 control

	1.25
	1

	2.5
	2

	5
	4

	10
	8

	20
	16


In this contribution, the various options and issues related to multiplexing of L1/L2 control signaling in the absence of data is summarized.
2. Multiplexing Methods and requirements
The multiplexing methods can be classified under two categories:

1. Multiplexing between CQI and Ack/Nack within the same user
 1.1 Requirements
The L1/L2 control signaling which are transmitted on the UL comprises Ack/Nack and CQI.  The main requirements for Ack/Nack and CQI multiplexing are listed in [1] and are as follows:

a. Orthogonal transmission between multiple Ack/Nack and CQI bits

b. Increased coverage (Link Budget)
c. Lower inter-cell interference

d. Nack->Ack error probability of <=0.1%, Ack->Nack error probability of <=1% and CQI BLER <=1%.

1.2 Multiplexing methods

If joint coding is used, separate transmission method cannot be applied to individual control field, If separate coding of control fields is used, then the following multiplexing options between CQI and Ack/Nack within the same user are available:

a. CDM: In this case, different codes are used for CQI and Ack/Nack.  As an example, if there are a total of 1 CAZAC sequence with 6 shifts available within one RB, 3 sequences can be dedicated to CQI and the rest 3 to Ack/Nack.   In this case, CQI and Ack/Nack can be coded separately.
b. TDM: For the TDM case, CQI and Ack/Nack uses the same code but are time-multiplexed within a sub-frame.  As an example, 8 symbols can be used for CQI and the rest 4 symbols can be used for Ack/Nack.
c. FDM: In the FDM option, one RB can be used for CQI and the second one can be used for Ack/Nack. However, this option is only applicable for BW>1.25 MHz.
It should be noted that TDM multiplexing was proposed as the way forward in [6] and represents the general consensus from the control channel email discussion.
2. Multiplexing L1/L2 control signaling between different users

There are two main multiplexing methods which satisfies the requirements under (1)
a. Localized FDMA

b. Orthogonal CDMA
2.1. Localized FDMA

In this multiplexing scheme, each UE occupies n consecutive sub-carriers in the LB’s with CDM pilots.  Frequency hopping is also enabled within a TTI.  As an example, if 2 sub-carriers are used per UE, 6 UE’s can be supported within a RB.
2.2. Multiplexing using Orthogonal CDMA

There are two ways to multiplex different users using CDMA:

i. Modulated CAZAC sequences 

a. Each UE within the same cell is assigned a unique shift.  

b. Different CAZAC sequence is used at different cell sites.

c. The CAZAC sequence of length 12 is modulated by using BPSK/QPSK.

d. Approximately 6 users can be code multiplexed using this scheme

ii. Walsh-Hadamard codes

iii. Combination of (i) and (ii)

As an example, if 6 cyclic shifts of the CAZAC sequence are used, 6 UE’s can be CDM’ed within a RB.
3. CQI Transmission method

The number of CQI bits depends whether wideband or narrowband CQI reports are transmitted and the number of bits varies between 5-10 bits.  Generally, the CQI bits will be block coded using R=1/2 to R=1/4 code and then modulated with the CAZAC sequence.
4. Ack/Nack Transmission method

The Ack/Nack transmission can be based either on non-coherent or coherent detection.  In case of non-coherent detection the Ack/Nack bits are embedded into the cyclic shift of the CAZAC sequence whereas in case of coherent detection the Ack/Nack bits are BPSK/QPSK modulated which is further modulated with the CAZAC sequence.  For coherent detection, at least on LB is used for demodulation reference signal transmission.
5. Reference signal structure for coherent detection
One LB or two LB’s can be used for demodulation reference signal transmission for control only signaling in case coherent detection is used for CQI and Ack/Nack.  Obviously the use of two LB’s will improve the channel estimation performance at the cost reduction in channel coding. 
6. Conclusion
This contribution summarizes the various options which are available for multiplexing of L1/L2 control signaling for the same user and between different users.
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