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1 Introduction

In recent RAN1 meetings, various schemes for PUCCH TxD are discussed [1-5], and are mainly focused on LTE-A UE with multiple antennas/PAs. One scheme called SCTD or ORT has been proposed to transmit the ACK/NACK symbols in 2 ACK/NACK channels simultaneously, where only 1 ACK/NACK channel is used by 1 TX antenna. In light of this scheme, we discuss the multiplexing of ACK/NACK, CQI & SR in LTE-A in this contribution, and we focus on the case when UE has 2 TX antennas/PAs.
2 Multiplexing ACK/NACK, CQI & SR
In LTE, only 1 TX antenna can be active for uplink transmission at certain time since UE has only 1 PA, hence only 1 physical channel can be used at a time to keep the single carrier property. This feature causes the special design when multiple different PUCCH channel (ACK/NACK, CQI, or SR) happens to be transmitted at the same subframe. 
However, in LTE-A, since UE has multiple antennas/PAs, so it is possible UE transmit multiple PUCCH channel with single carrier property. Just similar to the SCTD or ORT method proposed in PUCCH TxD discussion, different antenna transmits uplink signal in different PUCCH channel. We focus on the case when UE has 2 TX antennas/PAs.
2.1 ACK/NACK + SR

In LTE, when both ACK/NACK and SR are transmitted in the same sub-frame, a UE shall transmit the ACK/NACK on its assigned ACK/NACK PUCCH resource for a negative SR transmission and transmit the ACK/NACK on its assigned SR PUCCH resource for a positive SR transmission. 
In LTE-A, since UE has multiple antennas/PAs, it is possible UE transmit ACK/NACK information in the ACK/NACK channel by one antenna; and transmit SR information in SR channel by the other antenna. However, in such scheme, no antenna diversity obtains for ACK/NACK and SR respectively. To obtain the antenna diversity gain, ACK/NACK and SR could be jointly coded and then transmitted by the 2 PUCCH channels and 2 antennas. 

As discussed in [1-5], SCTD or ORT diversity scheme requires at least 2 ACK/NACK channels being allocated for a UE. If PDSCH is scheduled by PDCCH with only 1 CCE, special design for 2 ACK/NACK channels is needed, otherwise the diversity gain is limited. For the case of simultaneous transmission of ACK/NACK + SR in a subframe, we may avoid such special sub-optimal design. Following PUCCH format 1/1a/1b in Rel-8, ACK/NACK channel and SR channel have the same structure. Hence, in the subframe semi-statically configured a SR channel, an ‘ACK/NACK channel’ is always available there. So when a UE is scheduled by PDCCH with 1 CCE, the single ACK/NACK channel linked by the CCE and the ‘ACK/NACK channel’ for SR can be used simultaneously for transmission. By this way, there are always 2 PUCCH format 1/1a/1b channels and 2 antennas spatial diversity gain is achieved. 

2.2 CQI + SR

In LTE, in case of collision between CQI and positive SR in a same subframe, CQI is dropped.
In LTE-A, since UE has multiple antenna/PAs, UE can transmit CQI information in the CQI channel by one antenna; meanwhile transmits SR information in SR channel by the other antenna. By this way, both CQI and SR information are transmitted simultaneously without violating single carrier property. Such solution avoids dropping CQI and consequent performance degradation of PDSCH transmission.

It is also possible that CQI and SR are jointly coded, rate matched to the total number of physical bits of CQI channel and SR channel, and then transmit by the 2 channels and 2 antennas. But since CQI channel and SR channel has different structure, the TX power may be imbalanced for the 2 TX antennas.
2.3 CQI + ACK/NACK

In LTE, when CQI and ACK/NACK are multiplexed, PUCCH format 2a/2b is used for normal CP; and PUCCH format 2 are used for extended CP. The first one is relying on modulation of the 2nd RS, and the 2nd one is exactly joint coding of CQI and ACK/NACK. 
In LTE-A, we may have separate transmission of each control information in different channel and antenna, just similar to scheme discussed in section 2.2. The main benefit of the scheme comparing to what LTE adopted is simplicity. 

Another method is to do joint coding of CQI and ACK/NACK first and then transmit by 2 antennas and 2 channels. Again, the TX power of 2 antennas may be imbalanced which may be an issue. 
2.4 CQI + ACK/NACK + SR

In LTE, in case that all the 3 types of control information collide in the same subframe, CQI is dropped; and only ACK/NACK and SR are transmitted using the multiplexing method of ACK/NACK and SR.

In LTE-A, it is possible to transmit all 3 control information simultaneously. The multiplexing is really a combination of the multiplexing discussed in section 2.1 ~ 2.3. Thus various options exist. 
1) CQI in CQI channel in 1 antenna, multiplexing ACK/NACK and SR using LTE method in the other antenna;

2) Or, SR in SR channel in 1 antenna, multiplexing CQI and ACK/NACK using LTE method in the other antenna;
3) Or, joint coding of CQI and ACK/NACK, and then transmitted using CQI ad ACK/NACK channel for negative SR; while transmitted using CQI ad SR channel for positive SR. 
3 Conclusion

In LTE-A, thanks for the capability of UE having 2 TX antennas/PAs, CQI, ACK/NACK and SR can be multiplexed more efficiently when they are presented in the same subframe. In this document, we list some possible solutions, which can be a start point for discussion. 
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