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1. Introduction
In the absence of data transmission, it has been agreed to utilize reserved frequency regions for transmission of uplink L1/L2 control signaling. The control signaling resource seen by a UE consists of two resource blocks, one at each edge of the transmission band, and a code sequence. Multiple UEs can share the same frequency resource through the use of different code sequences.
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Figure 1: Uplink control signaling resources.
Furthermore, in Sorrento it was agreed to multiplex control signaling originating from the same UE in the time domain ‎[1]. However, the details on the multiplexing was left open, e.g., whether TDM of separately coded ACK/NAK and CQI should be used, or whether the ACK/NAK and CQI should be jointly coded prior to transmission.

In the following, some aspects of intra-UE multiplexing of control signaling is provided.

2. Multiplexing of different control signaling from the same UE

The two approaches to intra-UE control signaling multiplexing are illustrated in Figure 2. In case of pure TDM (top) the control fields are separately coded and mapped to individual blocks in the uplink ‎[2]

 REF _Ref158457501 \r \h 
‎[3]. In case of joint coding (bottom) the control fields are jointly coded and mapped to the blocks in the uplink ‎[4]

 REF _Ref158461273 \r \h 
‎[5].

Joint coding approach is more advantageous as compared to a pure TDM approach since it provides the additional channel coding gain and can meet the error requirements for variable number of control fields which are going to be transmitted. More explanations regarding these properties are provided below where for a fair comparison, the number of encoded bits input to the transmitter are implicitly assumed to be equal in both schemes. 
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Figure 2: Pure TDM with separate coding (top) and joint coding (bottom). The figures are for illustrative purposes only; the exact number of symbols for each field may vary.
2.1. Exploiting the coding gain

Different control fields require different levels of error protection. For example CQI control bits are more tolerant to errors than ACK/NACK bits. One of the major arguments to support the pure TDM approach with separate coding is the following.  Separate coding of different control fields provides the possibility to adjust the transmit power of various fields in accordance to their error requirements. However, applying different power boosting factors to different fields is not performed dynamically. 

Hence instead of adjusting power to provide different levels of error protection, we can design the channel encoder in Figure 2 (bottom) such that not only this mission is accomplished, but also the coding gain provided by the channel encoder is exploited which results in a more reliable transmission. 

2.2. Adjusting the coding gain 

Consider the cases where there exists variable number of control fields, for example when 

A. UE transmits only one field corresponding to ACK/NACK,

B. UE transmits both ACK/NACK and CQI bits,

C. UE is operating in TDD mode. Here, due to multiple downlink transmissions, couple of ACK/NACK fields are needed to sent to eNodeB per TTI,

D. UE is supporting MIMO transmission and needs to inform eNodeB about the antenna selection and /or the pre-coding matrix.

In these cases, if the joint coding approach is adopted, the encoder can be adjusted according to the number of control bits and error requirements. For smaller number of control bits, larger coding gain can be provided. Also, as the number of bits increases, the encoder can be designed such that proper levels of error protection can be provided for different fields. 

3. Conclusion

We have compared two main methods – TDM based on separate coding and TDM based on joint coding –  to transmit different UL control signaling from the same UE in the absence of data transmission. We discussed the properties of the joint coding method which is capable of  providing additional gain as compared to the pure TDM approach for variable number and size of control fields. 
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