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1. Introduction
Two means of transmitting uplink control information (UCI) simultaneously with UL-SCH data have been mentioned for Release 10.  One method is simultaneous transmission of PUSCH and PUCCH as captured in TR36.814.  The second is multiplexing of UCI with data on the PUSCH as is done in Release 8.  In a recent LS from RAN4 [7], it is pointed out that simultaneous PUSCH/PUCCH transmission could potentially result in a large power backoff (see below):

For control-data decoupling, certain simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions across contiguous or non-contiguous CC or within a CC will not meet regulatory requirements without a reduction of the maximum transmit power. The required power back-off is in the range 4-6 dB when equal power PUSCH and PUCCH allocated at two ends of the transmission bandwidth. Larger PUSCH allocation and PSD leads to much smaller backoff. The backoff could be up to 10 dB in some cases. A restriction of the RB location may also be needed. What would be impact of such limitations on the uplink control signalling for carrier aggregation or for enhanced feedback mechanisms? 

RAN4 would also like to point out that for some deployment scenarios simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions in non-adjacent RBs may not be feasible or possible so RAN4 kindly asks RAN1 to specify a fallback mechanism to Rel-8 and Rel-9 signalling.

The second method has the advantage of maintaining the Rel-8 CM property.  However, because multi-layer PUSCH transmission is not part of Release 8, it is necessary to extend single-layer control/data multiplexing to multiple layers [1]
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[4].  In doing so, several questions arise, including:
· Should control information be multiplexed onto a single layer or multiple layers? If multiple layers and multiple codewords are present, should the layers belong to the same codeword or different codewords?
· How should the layers or codewords to which the UCI is mapped be chosen?
This contribution discusses these issues and makes recommendations on how the codewords and layer mapping should be determined. 
2. Multiplexing control information with multi-layer PUSCH
This section addresses the above questions for different cases of combination of transmission layers and number of transmit antennas.  
Key considerations in deriving the mapping rules should be:

· Minimizing the throughput loss due to replacement of data symbols by UCI 
Optimal mapping of UCI symbols to one or more CWs/layers can be deemed as an optimization problem whose criterion is to map to the layer/CW in such a way that the data throughput loss due to replacement of data symbols by UCI is minimized. 

· Ensuring reliable reception of UCI  

In Rel-8, the number of data REs reserved for UCI is a function of the MCS to reflect the fact that higher MCS support means a lower resource requirement. The number of UCI resources (i.e., UCI symbols) should be determined in a way so that the successful reception of UCI can be ensured. Hence, regardless of the one or more codeword/layers that the UCI symbols are mapped to, the UCI reception quality should be ensured.
· Ensuring low decoding latency for UCI especially with regards to SIC receivers
When an SIC receiver is employed, the codewords’ symbols are not available at the same time since demodulation of one codeword cannot begin until channel decoding, re-modulation, and cancellation operations are complete.  Whether the control information is multiplexed on the first or second codeword to be demodulated therefore affects on UCI decoding latency.  The significance of this latency depends on eNB implementation’s latency budget.  

Actually, instead of considering numerous combinations of 2/4 Tx, number of CW, and number of layers, we can succinctly focus the discussion on two scenarios independently: one or two CW, and one or two layers in a CW. We address the three following questions:

· Should UCI symbols be mapped onto a CW or a layer, if a CW has two layers? 

The case of one CW mapping to two layers can happen for 4-Tx rank=3 or 4. Since a MCS is associated with a CW, the MCS should reflect the achievable BLER assuming that data symbols in the CW are mapped onto both layers and assuming the coding gain associated with the TB. If UCI symbols are mapped onto only one layer, the reception quality of that particular codeword may not be reflected by the CW’s MCS correctly. Moreover, additional specification (e.g., to specify which of the two layers to be used and the mapping rule) will be required if the UCI symbols are treated (i.e., mapped) too differently from data symbols. Therefore, it seems that UCI symbols should be mapped to CW, not a layer, in the case of two layers in one CW. The exact mapping rule within a CW needs further study.   
· If there are two CWs, should UCI symbols be mapped onto one or two CWs?
Since each CW may have its own MCS, mapping UCI symbols to two CWs presents some challenges as to how to determine the mapping rule (e.g., what subset of UCI symbols are mapped to each CW). Actually, the theoretical reason behind two-CW mapping is not clear, from the perspective of either minimizing the throughput loss, or ensuring reliable reception of UCI, or decoding latency reduction. Therefore, it seems that mapping UCI symbols onto one CW is the most reasonable approach.
· When mapping UCI onto one CW, which CW should be selected if there are two CW? 

To answer this question, the three aspects described above are of importance here:

· For best robustness, we want to map UCI symbols to the CW with best BLER. But it is not obvious which CW has the best BLER, given the MCS for each CW could be adjusted in a way so that similar BLER is experienced (this practice often gives best throughput).

· For decoding latency with a SIC receiver, the first CW that an eNB chooses to start from is unknown to UE and can change depending on eNB implementation and, more importantly, the channel condition as well.

· For minimal throughout loss, it seems that mapping UCI symbols to the CW with highest MCS will lead to minimal number of UCI symbols that have to be taken from data transmission. However, those otherwise data symbols have better spectral efficiency. So it is not clear that the loss of data throughput is indeed minimal in this case.
· Conclusion: Some further study is needed

3. Conclusions
The need of multiplexing of uplink control information onto multi-layer PUSCH transmissions was established. The following three considerations were suggested when developing the mapping rule of UCI:

· Minimizing the throughput loss due to replacement of data symbols by UCI 

· Ensuring reliable reception of UCI  

· Ensuring low decoding latency for UCI especially with regards to SIC receivers

We propose:

· UCI symbols should be mapped to a CW, not a layer. In case the mapped CW has  two layers, the exact mapping rule within a CW needs further study.  
· Mapping UCI symbols onto one CW

· FFS: which CW should be selected if there are two CW? 
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