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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 eNdoeB is FFS
This contribution focuses on the points in blue above.
2
Discussion
2.1
CQI transmission

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

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.

2.2 ACK transmission

The ACK/NAK transmissions by the UE are the response of a DL reception. Adaptive and time asynchronous DL transmissions require a PDCCH with each (re-)transmission.

· The UE transmits “ACK” if the PDCCH and the subsequent PDSCH are both correctly received 

· The UE transmits “NAK” if the CRC of the PDCCH checks and the PDSCH decoding fails. The PDCCH CRC checks if the PDCCH is correctly received or if there is an undetected CRC-pass event. 

· The UE “transmits” DTX if the CRC of the PDCCH does not check, i.e., if the PDCCH is missed or received in error.

In case of DL persistent assignments, the UE will “transmit” DTX if the PDSCH CRC does not pass, while it will transmit “ACK” if the PDSCH CRC checks. 

Note that the data transmission should not depend on whether or not the ACK is transmitted as the transmission of ACK/NAK relies on correct detection of portion (NAK: PDCCH correctly received and PDSCH incorrectly received) or the totality (ACK: PDCCH and PDSCH correctly received) of the associated DL transmissions. 

As a result, the following solutions exist:

· ACK information is appended at the end of the data transmission

· ACK information effectively shortens the data transmission from the end, i.e. the reading of the circular buffer
· Note that this solution, although effectively addresses the possible PDCCH/PDSCH miss, is incompatible with the agreement in RAN1#50 to map the ACK transmission to resources close to the LFDM symbols carrying the DM-RS

· ACK information is punctured into the data transmission

· The transmission of ACK information is not accounted at the rate matching of the data information
· The ACK information punctures the data transmission on resources close to the LFDM symbols carrying the DM-RS

2.3
SRS transmission

The location of SRS subframes is to be known by all the UEs in the cell [1]. In order to avoid perturbing the channel sounding of other UEs in the cell, the PUSCH transmission in LFDM symbols where SRS transmission is configured is disabled. 

Therefore, the UE can perform rate matching considering the transmission of SRS in a given subframe. 
2.4
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. 
3 Conclusions 
Based on the analysis in the Discussion section, we propose the following: 

· Rate matching of UL-SCH accounting for the transmission of L3 configured CQI and SRS. 

· UL-SCH is rate matched around the L3 configured CQI and SRS transmission

· In order to avoid error events, ACK/NAK transmissions do not affect the rate matching of UL-SCH

· The transmission of the CQI does not compete with the data transmission as the UL-SCH has been rate matched around it. 
· The ACK/NAK transmission punctures the data in the control-data multiplexing stage to avoid error events in case where PDCCH and PDSCH are both missed at the UE

· Note that this mechanism allows for the mapping of the ACK resources close to the LFDM symbols carrying the DM-RS. 
· 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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