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1. Introduction
In Rel-8/9, data and control are multiplexed in the UL-SCH whenever a data transmission exists. Such multiplexing is intended to maintain the single-carrier property. The multiplexing rule is designed with single-layer transmission in mind. As Rel-10 LTE-A supports multi-antenna and multi-layer transmissions, the data and control multiplexing needs to be extended to this scenario. While separate data and control transmission may be possible in the realm of Rel-10 [1], being able to jointly multiplex data and control may be desirable in a number of scenarios. 
Data and control multiplexing for multi-antenna transmission is discussed in several contributions [2, 3, 4]. This contribution tries to build upon the previous contributions and further narrows down the design choices. 
2. Discussion
Figure 1 depicts the UL physical channel processing which supports multi-antenna transmission on PUSCH. Prior to scrambling, data and control multiplexing followed by channel interleaving is performed as shown in [5] Figure 5.2.2-1 (reproduced in Figure 2 for convenience).
· Data-control multiplexing concatenates CQI/PMI (control) bits with the data (UL-SCH) bits where CQI/PMI is placed before the data bits. In addition, it ensures that none of the control and data bits are mapped onto the same QAM symbol. 
· Channel interleaving combines the output of data-control multiplexing, HARQ-ACK, and RI to implement a time-first mapping in conjunction with the resource element (RE) mapping. The end result ensures that the QAM-modulated HARQ-ACK symbols are placed around the DMRS with the RI symbols placed around the HARQ-ACK symbols. 
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Figure 1 Uplink physical channel processing including multi-antenna transmission – anticipated based on the agreement to-date
In relation to the multi-antenna extension, several aspects can be identified:
1. In terms of the spatial dimension, how is the control information (CQI/PMI, HARQ-ACK, RI) mapped? 
a. On one or multiple layers

b. On one or multiple codewords (transport block)

2. Based on the design choice in point 1, what additional specification work is needed?

a. Transmission scheme for control information 

b. Changes in data-control multiplexing and/or channel interleaver
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Figure 2 Transport channel processing for UL-SCH (taken from [5]) – describing only 1 TB
First, since the multiplexing is done on PUSCH, it is beneficial to follow the layer mapping rule defined for PUSCH – unless there is a particular reason to do otherwise. The following can be inferred when bit processing is combined with the transmission flow in Figure 1:

· In case of one TB mapped onto 2 layers (for 4Tx rank>2), the layer mapping (identical to that for Rel-8/9 DL) results in a relatively equal split of QAM symbols across the two layers.  
· Each of the QAM-modulated symbols on each layer is spread across all the sub-carriers via transform precoding. This gives uniform frequency diversity effect for each QAM symbol. 
· Regardless of the number of layers, each QAM symbol attains the spatial precoding gain which is reflected on the MCS level selection.  
· The control information is well-protected in most relevant scenarios via error correcting code as well as MCS offset (relative to the data) for CQI/PMI. 
From the above observations, it can be inferred that:

· Additional diversity or multiplexing gain or coding gain for the control information may simply offer marginal performance gain. However, the additional multiplexing gain may be instrumental when a sufficiently larger control information payload is supported in Rel-10. This is possible, e.g. due to asymmetric UL-DL with carrier aggregation where one UL component carrier carries the uplink control information for several DL component carriers with the highest CQI/PMI payload.
· Treating the coded control information bits (at the end of channel interleaver) simply as a part of the UL-SCH coded bits is a natural solution. 
· Confining the control information within 1 layer in all cases is not necessary unless it naturally occurs by following the processing flow in Figure 1. In fact, insisting on mapping the control information on a single layer complicates the resource element (RE) mapping in case of 1 codeword (TB) mapped onto 2 layers. 
Based on the above consideration, we recommend the following when 2 TBs are transmitted:
· Transmit the control information only on one codeword (TB) unless Rel-10 supports a significantly larger control information payload which results in a significant imbalance between the two TBs.

· If only 1 TB is used, the control information can be mapped on the TB with the highest MCS as proposed in [1, 2]. In case of equal MCS, the first TB is chosen to carry the control information. 
· If 2 TBs are used, the control information should be spread in such a way that the portion of control information bits carried by a TB is proportional to the spectral efficiency of the TB relative to the other TB. 
· That is, the TB with the highest MCS is expected to carry more control information bits. 
· This can be done for CQI/PMI, RI, as well as HARQ-ACK although it is perhaps more relevant for CQI/PMI especially when aperiodic sub-band CQI/PMI is reported. 
· It can be argued that using only 1 TB for control information results in a simpler rule since it is independent of the number of transmission layers (and TBs). At the same time, using 2 TBs results in a better spectral efficiency whenever the channel condition allows.
· Regardless of the number of TBs used for transmitting the control information, the data-control multiplexing and RE mapping for the control information should follow the layer mapping defined for UL-SCH. 
· For the TB mapped onto 1 layer, the control information is mapped onto 1 layer.

· For the TB mapped onto 2 layers, the control information is mapped onto both layers according to the layer mapping. 
Following the above recommendation, the associated specification impact is as follows:
· Define the control information mapping rule on each TB:
· This needs to be done regardless whether one or two TBs are used for carrying the control information.

· The rule is defined prior to the data-control multiplexing. This by itself may not significantly impact the data-control multiplexing as well as channel interleaving since data-control multiplexing and channel interleaving rules are agnostic to a particular control information payload size. 
· A possible deviation may occur for HARQ-ACK if the number of HARQ-ACK bits exceeds the number of bits that can be accommodated if the HARQ-ACK symbols need to be mapped next to the UL DMRS. In this case, such mapping rule can be either extended to the next two DFT-SOFDMA symbols to the UL DMRS. This is less likely if two TBs are used for carrying the control information. However, using 2 TBs is not always possible if the UL channel condition does not permit such while the number of HARQ-ACK bits remains the same. This is relevant in case of carrier aggregation. 
· There is no need to define any additional mapping rule beyond channel interleaving since the layer and RE mapping rules simply follow that for PUSCH. 
3. Conclusion

We investigated the issue of data and control multiplexing in case of multi-antenna transmission. When only 1 TB is transmitted on PUSCH, there is no need to define any additional rules. In case of 2-TB transmission, the recommended rules for control information transmission can be summarized as follows:
· Only one TB is used to carry control information unless a significant imbalance (in terms of the number of symbols that can be used to carry data) between the two TBs can occur in a sufficient number of relevant scenarios. 
· If two TBs are used, the amount of REs used to carry control information per TB is proportional to the relative spectral efficiency (MCS) between the two TBs.

· After channel  interleaving, follow the layer and RE mapping rules defined for PUSCH (UL-SCH) as is
· For the TB mapped onto 2 layers, the control information is mapped onto both layers according to the layer mapping.

If the above rules are followed, the only significant specification work lies within defining the control information mapping rule on each TB. 
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