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1
Introduction
Uplink L1/L2 control signaling is divided into two classes in LTE Rel-8: Control signaling in the absence of UL data, which takes place on PUCCH (Physical Uplink Control Channel)  and control signaling in the presence of UL data, which takes place on PUSCH (Physical Uplink Shared Channel). Due to the single carrier limitations, simultaneous transmission of PUCCH and PUSCH is not allowed in LTE Rel-8.

This contribution deals with UCI transmission in the presence of UL data. Figure 1 shows the principle of control and data multiplexing within the SC-FDMA symbol (block) on PUSCH. In order to maintain the single carrier properties of transmitted signal data and different control symbols are multiplexed prior the DFT by means of TDM multiplexing. The data part of PUSCH is punctured by the number of control symbols allocated in the given subframe. Data and different control fields (ACK/NAK, CQI/PMI, Rank Indicator) are coded and modulated separately before multiplexing them into the same SC-FDMA symbol block. Different coding rates for control are achieved by occupying different number of symbols for each control field.

[image: image1.emf]Data symbols

CQI symbols

ACK/NACK symbols

MUX

DFT

IFFT

CP


Figure 1. Principle of data and control modulation on PUSCH
It was decided in RAN1#55bis that control-data decoupling (simultaneous PUCCH and PUSCH transmission) is supported in addition to TDM type multiplexing. It is obvious in the light of this decision these two options are applicable also in the case of SU-MIMO. Hence, there is a clear need for TDM solution applicable to SU-MIMO. The TDM based solution is discussed  also in [1],[2] and [3].
2 Proposal
We proposed that   uplink control information (UCI) is multiplexed with PUSCH data in layer-specific manner prior the DFT by means of TDM multiplexing in a way that reliable rank1 transmission for UCI is achieved regardless of the transmission rank and precoding for PUSCH data. The required steps are:

1.
Resources for UCI are dimensioned jointly for both transport blocks 

· It is done so that UCI has equal number of modulation symbols on both transport blocks regardless of the modulation used for the transport block.
2.
Form a layer-specific replica for each UCI, e.g., ACK/NACK, RI, and/or CQI. 

· Same UCI is replicated for both transport blocks

· In the case of rank 3, UCI is further replicated within transport block 2 to obtain layer specific replica

· In the case of rank 4, UCI is further replicated within both transport blocks to obtain layer specific replica

3. Apply layer-specific scrambling (=phase rotation) for different UCI symbols.  Rel’8 scrambling transport block specific scrambling code provides scrambling sequences for layer-specific UCI scrambling
Straightforward combination of appropriate parts of Rel’8 UL and DL transmission chains is shown in Figure 2. In the figure, blocks that are affected by the UCI multiplexing with SU-MIMO are coloured with green.
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Figure 2 Block diagram of SU-MIMO UL transmission

3
Summary & Way Forward
In this contribution, we discussed UCI transmission on PUSCH with SU-MIMO. We propose that uplink control information is multiplexed with PUSCH data in layer-specific manner prior to the DFT by means of TDM multiplexing in a way that reliable rank 1 transmission for UCI is achieved regardless of the transmission rank and precoding on PUSCH. We also provide a solution which needs only small standardization effort.
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