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1. Introduction

This paper deals with L1/L2 control signalling transmitted in the LTE UL. We concentrate on the case when the UE has both UL data and L1/L2 control signals due to the DL transmission.  So far, it has been agreed that control and data are multiplexed prior DFT. This paper discusses the multiplexing issues on a general level:
· Requirements and goals of the preferred multiplexing scheme
· Main assumptions

· Some multiplexing examples
As can be seen from Figure 1, there are lots of combinations related to the transmission of data-non-associated control signals and UL data. An important requirement for system design  is to maximize the similarity between the control signals transmission in different combinations [1].
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2. Requirements
The criteria for the preferred multiplexing schemes are listed below: 

· Reasonable overhead

· Simplicity  
· Number of transmission formats of control signalling (w/ and w/o UL data)

· Signalling complexity

· Flexibility in terms of CQI size (i.e., supported symbol space)

3.  Design principles
We have listed some design principles in order to meet the requirements: 
· One principle is to minimize the number of encoding schemes for CQI transmission. This is achieved by utilizing exactly the same CQI encoding schemes for two cases: with and without UL data.

· In order to minimize the overall overhead from control signalling  the size of physical resource allocated to control transmission  should scale depending on the UL channel quality 

·  We assume that UL data needs to be punctured in case the data-non-associated control signals are multiplexed with UL data
· We may need to have a certain limit for the data puncturing especially with the smallest bandwidth options. We assume that the overhead due to the UL control channels should be at maximum 50%. 

· Multiplexing of data-non-associated control signalling and UL data into same coding block may not be feasible due to the different BLER operation point (UL control signals do not benefit form HARQ)
4. Dimensioning of the CQI resource

As mentioned one design goal is that the size of the CQI resource (in terms of number of input/output bits) should be the same both with and without UL data. We take the CQI resource used in the absence of UL data as a starting point to dimension the CQI resource. Table 1 shows the size of the proposed CQI resource [1]. SF denotes the spreading factor applied in the block level domain.

Table 1. Symbol space of shared CQI resource, 180 kHz.
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We assume that the shared control channel resource utilizes QPSK for CQI and CQI+ACK/NACK signalling. This means that the number of output bits of the CQI encoder should vary between 48 and 288 bits.

We assume that ACK/NACK and CQI from the same UE are time multiplexed on symbol level [1].  We propose that about 1/6 of the symbol space is allocated to ACK/NACK and about 5/6 for the CQI. This indicates that 40/88/136/280 channel coded bits depending on the SF of block level spreading can be used by CQI. 
When the control signalling is transmitted with UL data, the size of the control channel resource in symbols scales with the (1) modulation used in UL data channel, (2) SF used in the CQI resource of shared control channel and (3) SF used in the control channel resource multiplexed with UL data. The corresponding symbol spaces are shown in Figure 2.
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CQI only 16QAM 48 12 12 24 36 72

CQI + ACK/NACK QPSK 48 24 24 48 72 144

BPSK 48 48 48 96 144 288
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CQI only 16QAM 96 24 24 48 72 144

CQI + ACK/NACK QPSK 96 48 48 96 144 288

BPSK 96 96 96 192 288 576
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CQI only 16QAM 144 36 36 72 108 216

CQI + ACK/NACK QPSK 144 72 72 144 216 432

BPSK 144 144 144 288 432 864

ACK/NACK only 16QAM 8 2 2 4 6 12

QPSK 8 4 4 8 12 24

BPSK 8 8 8 16 24 48


Figure 2. Control signal resource transmitted with UL data.
As can be seen from Figure 2 the resource size in bits is constant when considering certain SF for the shared CQI resource. As mentioned, the resource size in symbols scales not only with the data modulation but also with the SF of block level spreading applied for control signals transmitted with UL data. Block spreading provides a way to adjust the processing gain of control signalling while keeping the encoder part (i.e., number of output bits) unchanged. The extra processing gain may be needed since there is an extra processing gain (up to 7.8 dB) available when control signals are transmitted w/o UL data [2]. We note that block spreading can be used as a way to trade-off between the overhead and capacity/coverage of data-non-associated control signalling (i.e. adjust the quality of CQI signalling transmitted with UL data).

5. Examples of CQI transmission
Figure 3 shows an example of potential CQI encoding schemes in terms of number of bits. These numbers of input bits of the encoder can be seen as evolution from HSDPA world. 
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Figure 3. Number of input/output bits.
The selected CQI scheme 

· depends on the service need (number of CQI bits) and 

· trade-off between the allowed overhead and UL coverage (spreading factor)
We assume that the selected CQI scheme (i.e., number of input bits, number of output bits and SF of block level spreading w/ UL data) is based on semi-static parameters which do not change too often.
6. Multiplexing examples

Figure 4 and Figure 5 show two examples of multiplexing ACK/NACK and CQI together with UL data. These examples have been calculated assuming QPSK modulation for UL data (see Figure 2), 40 output bits from the control channel encoder (see Figure 3), block spreading with SF=2 for control signals transmitted with UL data and transmission bandwidth of 180 kHz. The available control symbols are divided evenly between two slots of one TTI. This guarantees that frequency hopping gain is achieved when available.
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Figure 4. Multiplexing example, ACK/NACK+ CQI + UL Data, 40 output bits, 180 kHz.

Figure 5. Multiplexing example, ACK/NACK + UL Data, 180 kHz.
7. Summary 
This contribution illustrates our views related to the control signal multiplexing with UL data. The proposed way forward is shown below:
· CQI multiplexing should be flexible enough to support CQI packets of different sizes

· The size of physical resource allocated to control transmission  should scale according to channel quality in order  to minimize overall overhead from control signalling
· CQI should have the same transmission format whether there is UL data present or not

· DFT-S-OFDM transmission should be used in both cases

· The same CQI encoding scheme (i.e., number of input/output bits) should be used with and without UL data
· Dimensioning of the CQI resource is based on the case when UE has no UL data 
· Size of the CQI resource in symbols varies when the UL data is present
· Symbol space of the CQI resource scales with the modulation used in the shared data channel

· Block spreading is used to adjust the quality of control signals transmitted with UL data

· Multiplexing of ACK/NACK and CQI from the same UE follows the same principles whether the UL data is present or not

· ACK/NACK should be transmitted with the same transmission format when multiplexed with

· UL data

· CQI

· CQI and UL data

· The only expectation is the ACK/NACK only which is transmitted using sequence modulation scheme [1]
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