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1
Introduction
Good progress was made in RAN1#50 on control and data multiplexing in PUSCH. In summary:

· Same gain factor for control and data

· Different coding rates for control is achieved by occupying different number of symbols

· The coding rate to use for the control signalling is given by the PUSCH MCS. The relation is expressed in a table.

· A table links each PUSCH MCS with a given coding rate for control signalling, i.e, the number of symbols to use for an ACK/NAK or a certain CQI/PMI size

· Data and the different control fields (ACK/NAK, CQI/PMI) are mapped to separate modulation symbols, i.e., a single symbol (QPSK/16QAM/64QAM) cannot contain both data and control

· For CQI, FFS which option to select

· the same constellation as used by PUSCH is used

· restrict the constellation 

· For ACK/NAK, the coding, scrambling and modulation should maximize the Euclidean distance

· For ACK/NAK (in case of FDD), a modulation symbol used for control signaling carries at most 2 bits of coded control information regardless of PUSCH modulation scheme

· Rate matching 

· 1 stage – the circular buffer RM takes presence of control signalling into account

· For ACK/NAK transmission, starting points in circular buffer are not affected by presence/absence of control signalling

· Investigate the need for a mapping rule taking error cases into account

· FFS if PUSCH is power boosted to compensate for coding loss for data when control is transmitted

· Control signalling mapped such that it appears in both slots of a subframe (for FS type 1)

· Control signalling mapped to SC-FDMA symbols next to RS:es
· If the UE is allowed to autonomously select between different CQI formats, the amount of blind decodings acceptable to the eNodeB is FFS
While most of the decisions above have already been captured in the different PHY layer specifications, this contribution focuses on the points in blue above.
2
ACK transmission on PUSCH

In order to limit the maximum modulation order used to signal ACK/NAK on PUSCH we need to coordinate the processing performed in 36.212 and 36.211. 
Table 1 and 2 and the text in orange below show the encoding of the ACK information currently defined in 36.212. 
Table 1. Encoding of 1-bit HARQ-ACK
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Table 2. Encoding of 1-bit HARQ-ACK

	Qm
	Encoded HARQ-ACK
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The bit sequence, 
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 is obtained by concatenation of multiple encoded HARQ-ACK blocks where 
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 is the total number of coded bit for all the encoded HARQ-ACK blocks.  The vector sequence output of the channel coding for HARQ-ACK information is denoted by 
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, and is obtained as follows:

Set i ,k to 0

while 
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end while
The vector sequence 
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 is then multiplexed with the encoded data and interleaved on a “time-first” fashion. 

The output of the channel interleaver constitutes the input to the 36.211 processing of PUSCH. The first operation in 36.211 is scrambling and the following operation is proposed:
For 1-bit ACK:

If Qm=2 (QPSK) the coded bit sequence 
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 as defined in section 5.3.1 of 36.211.

else if Qm = 4 (16QAM) the coded bit sequence 
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else if Qm = 6 (64QAM) the coded bit sequence 
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This would achieve getting 2 corners in any constellation for the transmission of ACK on PUSCH, i.e., effective BPSK modulation.

For 2-bit ACK: 

If Qm=2 (QPSK) the coded bit sequence 
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else if Qm = 4 (16QAM) the coded bit sequence 
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else if Qm = 6 (64QAM) the coded bit sequence 
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This would achieve getting 4 corners in any constellation for the transmission of ACK on PUSCH, i.e., effective QPSK modulation.

The rest of the processing (modulation, transform precoder, etc.) is transparent to the presence or absence of control information. 

3
CQI transmission on PUSCH

The transmission of the CQI by the UE is configured by the eNB. The periodic reporting is configured through L3 signalling, and the aperiodic reporting is commanded by the eNB. 

Therefore, the eNB knows when to expect a CQI transmission by the UE. As a result, once the eNB receiver determines that there is data transmission on the PUSCH it will unambiguously know that the CQI is embedded into the PUSCH transmission.

Regarding the constellation restriction for the CQI transmission, in our opinion there is no need to do anything special for the CQI transmission. If the data transmission entails a high spectral efficient MCS means that the channel conditions on the assigned resource allocation is good, therefore the CQI reliability should be guaranteed provided that an adequate coding protection is selected. 

Therefore, in order to guarantee the right reliability level of the CQI transmission we propose

· Using the same constellation as for PUSCH transmission

· Selecting the right coding protection

4
Autonomous PUSCH power boosting


One of the discussion points in RAN1#50 was the autonomous power boosting at the UE in order to compensate for the code rate increase of the data transmission from the multiplexing of the control information. 

The eNB scheduler knows the control information transmission expected in a given subframe from a UE based on

· CQI reporting

· SRS reporting

· Expected ACK replies

The eNB scheduler also provides the UL grant with the bandwidth, MCS and power correction for the PUSCH transmission. Therefore, the TPC commands embedded in the PDCCH with the UL grant is considered to provide a sufficient power adjustment capability to the eNB scheduler and therefore the autonomous UE power compensation is not seen to be necessary.
5
Conclusions

Based on the analysis in the Discussion section, we propose the following: 

· CQI transmission uses the same constellation as for PUSCH transmission

· The selection of the right coding protection provides the right reliability level for CQI reception

· The ACK/NAK scrambling is performed according to section 2 so that the constellation used for ACK transmission on PUSCH is limited to BPSK (1-bit ACK) or QPSK (2-bit ACK). 
· No autonomous UE power adjustment based on the control information being multiplexed with the data and hence the increase of code rate for the data transmission. 
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