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1. Introduction

UCI transmission on PUCCH and PUSCH for CA was discussed at the RAN1#61bis meeting. For periodic UCI (PMI/CQI/RI) transmitted on PUCCH it was agreed that: 
· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported. 

· Additional possibilities are FFS until RAN1#62.

· 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

This contribution discusses the need for enhancements to the baseline CSI reporting mechanisms including maximum payload size, CQI/PMI reporting configurations and CSI transmission in the event of collision between CSI reports from different CCs. Other details on UCI transmission on PUSCH are provided in a companion contribution [1].
2. Periodic UCI on PUCCH
The baseline agreement from RAN1 #61 supports independent configuration of the RI/PMI/CQI reporting parameters per DL CC including subframe offset, periodicity and reporting mode. Consequently, it can be left to eNB implementation to configure the UCI periodicity/offset such that RI/PMI/CQI of different CCs does not collide in time domain. This is possible because carrier aggregation is mostly applicable for low-mobility UE with good channel condition, hence the channel variation is slow and a large RI/CQI/PMI periodicity suffices. In the event of a collision of CSI of two CCs there are two basic options, namely

· Support larger CSI payload format

· Prioritize a CSI type and/or CC by combining/dropping reports from different CCs and/or CSI types based on a pre-defined priority order.

To guide the design choices it should be noted that the PUCCH is an extremely narrow pipeline, which is severely limited in its feedback capacity, CSI accuracy and granularity. As noted in [2] it is also beneficial not to increase the CSI reporting scenarios in order to minimize the testing complexity. In addition, the impact of the dual-codebook structure on PUCCH CSI feedback should be taken into consideration. Bearing in mind the PUCCH limitations we consider the CSI feedback when a UE is configured for DL CA.

The dual-stage codebook structure has been agreed for 8Tx. Two CSI modes are under discussion:  mode 1 where W1/W2 are reported in different subframes, and mode 2 where W1/W2 are reported in the same subframe. It is preferable to have the same CSI modes configured on different DL CCs, which simplifies the timing relationship between RI/CQI/PMI (W1 and W2) report. 

CSI Payload on PUCCH
For RI, it is proposed not to concatenate RI bits across different CCs into one PUCCH. That is, RI bits of each CC will be multiplexed in different subframes by configuring different PUCCH offsets and/or periodicities. This is important to ensure the reliability of RI/W1 feedback (>=3bits) which significantly impacts the subsequent PMI/CQI report.  Hence, the maximum RI payload per PUCH should be equivalent to the one for a 1 DL CC. The exact payload of RI per CC shall depend on the outcome of the PUCCH CSI mode discussion. 
For RI and CQI/PMI, it is proposed not to report RI of a first CC and PMI/CQI of a second CC together in the same PUCCH, in order not to jeopardize the reliability of RI report. Likewise this can be left for eNB implementation to configure the feedback offsets and periodicities (NOFFSET, RI, and NOFFSET,CQI) of each CC intelligently. 
Simultaneous UCI on PUCCH + PUSCH

For Rel-8/9 if a collision occurs between CQI/PMI/RI and HARQ-ACK transmission, the CQI/PMI/RI is dropped. This may lead to frequent dropping of CSI reports in Rel-10 because all HARQ-ACK feedback from all DL CCs is sent on the UL PCC. It is not recommended to increase the payload size or increase the modulation to accommodate the CSI on PUCCH because of

· Increased link budget requirements

· New modulation or payload size does not scale for Rel-10 control signaling since support of up to 5 DL CCs is mandated for Rel-10. 

Hence, to avoid frequent dropping of CSI the logical alternative is to transmit periodic CSI on the PUSCH. When a UE is not configured for simultaneous PUCCH+PUSCH the CSI can only be transmitted when the UE is allocated an UL grant. Otherwise, the CSI is dropped.

When the UE is configured for simultaneous PUCCH+PUSCH, one proposal to avoid dropping of CSI is to transmit A/N on PUCCH and CSI on PUSCH. However this option needs further investigation because of the required transmit power backoff to meet regulatory requirements. As noted in the RAN4 LS [3], location of the PRBs for PUSCH and PUCCH is required to reduce the backoff. 
Proposal 

· The same PUCCH CSI modes (mode 1 or 2) shall be configured for all DL CCs. Note this does not require the same PUCCH reporting mode (e.g. mode 1-0/1-1, 2-0/2-1) on each CC.

· No concatenation of RI of different CC on PUCCH in the same subframe. 

· No concatenation of RI of a first CC and CQI/PMI of second CC on PUCCH in the same subframe. 

· Maximum RI and CQI/PMI payload per CC shall depend on the outcome of PUCCH CSI mode discussion. 

· Re-use Rel-8 RM code if RI and PMI/CQI payload does not exceed 11-bits.

· FFS whether to support >11 CQI/PMI/RI on PUCCH.  

3. Conclusions
Several issues related to periodic CQI/PMI/RI transmission on PUCCH are discussed in this contribution. Our preferences are
Proposal: 

· The same CSI modes (mode 1 or 2) shall be configured for all DL CCs

· No concatenation of RI of different CC on PUCCH in the same subframe. 

· No concatenation of RI of a first CC and CQI/PMI of second CC on PUCCH in the same subframe. 

· Maximum RI and CQI/PMI payload per CC shall depend on the outcome of PUCCH CSI mode discussion. 

· Re-use Rel-8 RM code if RI and PMI/CQI payload does not exceed 11-bits.

· FFS whether to support >11 CQI/PMI/RI on PUCCH.  
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