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1
Introduction
It has been agreed that in the uplink of LTE-A simultaneous transmission of uplink L1/L2 control signaling and data is supported through two mechanisms [1]
-
Control signaling is multiplexed with data on PUSCH according to the same principle as in Rel-8/9;
-
Control signaling is transmitted on PUCCH simultaneously with data on PUSCH.
In this paper, we discuss possible UCI transmission options and rules for control and data multiplexing in Rel-10.

2
Discussion
In Rel-8/9, if both CQI/PMI/RI and ACK are due for transmission, and there is no PUSCH transmission, CQI/PMI/RI and ACK are transmitted on PUCCH using the format 2a/2b if Simultaneous-AN-and-CQI is set to TRUE by higher layers, and otherwise CQI/PMI/RI is dropped. 
In case of multiple ACKs in a carrier aggregation scenario of LTE-A, and no PUSCH transmission, PUCCH format 2a/2b is no longer adequate for simultaneous transmission of multiple ACKs and CQI in the same subframe. In case of a single ACK, Rel-8/9 rules can be utilized.

Therefore, in the case of multiple ACKs in a carrier aggregation scenario and no PUSCH transmission, the following options could be considered:

· PUCCH+PUCCH transmission of CQI/PMI/RI and ACK

· Not supported per discussions in RAN1#60bis due to RAN4 feedback on spectral emission mask challenges with this transmission choice
· CQI/PMI/RI and ACKs transmitted on separate PA/antenna by multi Tx antenna UEs, preserving the single-carrier property
· Typical values of antenna gain imbalance (AGI) seem to be high and therefore single Tx antenna transmission on weak antenna may not be reliable unless especial measures are taken, e.g., per-antenna power control 
· New PUCCH format or modified existing PUCCH format to accommodate conveying of multiple ACKs and CQI/PMI/RI feedback in the same report
· Drop CQI/PMI/RI and only transmit multi-bit ACK on PUCCH.
At the RAN1#61bis the following was decided in case PUSCH transmission(s) is(are) present: 

· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on primary CC (PCC), any UCI on PUSCH is carried on one PUSCH on secondary CC (SCC)

· If simultaneous PUCCH + PUSCH is not configured and there is at least one PUSCH transmission, all UCI shall be piggybacked on a PUSCH

· If simultaneous PUCCH + PUSCH is configured and there is at least one PUSCH transmission

· UCI can be transmitted on either PUCCH or PUSCH with a dependency on the situation that needs to be further discussed

· All UCI mapped onto PUSCH in a given subframe gets mapped onto a single CC irrespective of the number of PUSCH CCs

· Whether part of UCI gets mapped onto PUCCH and part of UCI gets mapped on to PUSCH in same or different CCs needs to be discussed.

Referring to the case where simultaneous PUCCH + PUSCH is configured and there is at least one PUSCH transmission, it may be desirable to decouple the content of UCI and transmit some components on PUCCH and other on PUSCH. In that context, the following schemes should be considered: 

· Highest priority control information is sent on PUCCH, e.g. multi-bit ACK

· Rel-8/9 priorities are as follows (in descending order): ACK = SR > CQI/PMI/RI

· Lower priority control information is transmitted as UCI along with PUSCH, e.g. CQI

· Specific CC is utilized for UCI transmission. 

This approach is beneficial as it would prevent possible frequent dropping of CQI/PMI/RI, impacting the DL transmission on multiple CCs, and at the same time provide for efficient and reliable transmission of ACKs on PUCCH [2]. 
In line with the previous decision, if PUSCH of the PCC that carries the PUCCH is scheduled, the CQI/PMA/RI would be transmitted on that PUSCH. If there is no PUSCH transmission on the primary CC, CQI/PMI/RI can be transmitted on any other SCC with scheduled PUSCH. The order in which the secondary CCs are considered to carry UCI can be semi-statically signaled or determined based on the best channel quality (scheduled MCS) on UL.
The procedure may be summarized as the following:

· No PUSCH transmission

· Single PUCCH used for conveying UCI. Details are FFS. 
· With PUSCH transmission in Rel-10 mode with concurrent PUCCH and PUSCH transmission
· ACK alone (possibly multiple bits)

· PUCCH format with multi-bit ACK

· Data on PUSCH (no UCI)

· CQI/PMI/RI alone

· PUCCH for CQI/PMI/RI and data on PUSCH (no UCI)

· ACK (possibly multiple bits) + CQI/PMI/RI 

· CQI/PMI/RI is transmitted on PUSCH and ACK (possibly multiple bits) is transmitted on PUCCH
· If SR is to be multiplexed, buffer status report (BSR) is transmitted on PUSCH
· With PUSCH transmission with concurrent PUCCH and PUSCH transmission disabled

· UL control information is multiplexed with PUSCH 

2.1
Control and Data Multiplexing Rules

It was previously decided that UCI and PUSCH multiplexing in UL MIMO would abide to the following rules: 

· HARQ-ACK and RI are replicated across all layers of both code words (CW) and TDM multiplexed with data such that UCI symbols are time-aligned across all layers 

· CQI/PMI is transmitted only on one codeword with Rel-8 multiplexing and channel interleaving mechanisms reused.
Formulas to determine the number of coded modulation symbols 
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 for CQI feedback and HARQ-ACK or rank indicator for a single carrier are already defined in TS 36.212. 
The same formulas defined for single carrier case can be used for carrier aggregation case, as the input to the number of bits O could include the feedback for multiple CCs and/or codewords. This is the simple and straightforward application of the already adopted approach to the multi-CC scenario. 
3
Conclusions 

In this contribution, we addressed the UCI transmission rules and argued that in some cases it is desirable to decouple the content of UCI and transmit some components on PUCCH and other on PUSCH when simultaneous PUCCH and PUSCH transmission is configured. We also discussed the rules for control and data multiplexing in Rel-10. Based on that, we propose the following:




· When there is no data transmission in a subframe:

· Single PUCCH used for conveying UCI 

· When simultaneous PUCCH and PUSCH is configured and there is at least one PUSCH transmission:
· ACK alone (possibly multiple bits)

·  ACK is transmitted on PUCCH, and data on PUSCH (no UCI)

· CQI/PMI/RI alone

· CQI/PMI/RI is transmitted on PUCCH and data on PUSCH (no UCI)

· ACK (possibly multiple bits) + CQI/PMI/RI 

· CQI/PMI/RI is transmitted on PUSCH and ACK (possibly multiple bits) is transmitted on PUCCH

· If SR is to be multiplexed, buffer status report (BSR) is transmitted on PUSCH
· With PUSCH transmission with concurrent PUCCH and PUSCH transmission disabled

· UL control information is multiplexed with PUSCH
· The total number of coded symbols required for UCI transmission for the carrier aggregation is determined as defined in TS 36.212 (section 5.2.2.6), setting the number of bits appropriately to reflect the feedback for multiple CCs.    
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