
3GPP TSG RAN WG1 Meeting #61bis
R1-103522
Dresden, Germany
28 June – 2 July, 2010
Source: 
Ericsson, ST-Ericsson

Title:
UCI on PUSCH
Agenda Item:
6.2.7
Document for:
Discussion and decision

1 Introduction

This paper discusses carrier aggregation aspects for UCI on PUSCH, including the transmission of A/N and CSI for multiple DL CCs on PUSCH, and the mapping of UCI on UL component carriers.
2 Discussion
At RAN1#61, the principle was agreed that one UL transmission layer is capable of carrying all feedback for the corresponding DL CCs. The following sections discuss how the different types of UCI can be carried on PUSCH for multiple DL CCs. We discuss further details on the non-carrier aggregation related aspects of UCI transmission on PUSCH in [1,2].
2.1 Transmission of CSI for multiple DL CCs on PUSCH
For the RI, up to 15 bits need to be transmitted, since up to 3 bits per CC are required for RI with transmission on up to 8 layers. For up to 11 bits the Rel-8 RM code can be reused, and for up to 15 bits the Rel-8 tailbiting convolutional code could be reused. 
For CQI/PMI feedback, the baseline should be that CQI/PMI is reported for each activated DL CC.
Proposal

· Reuse Rel-8 RM code for up to 11 bits RI

· Reuse the Rel-8 tailbiting convolutional code for up to 15 bits RI
· CQI/PMI is reported for each activated DL CC.
2.2 Transmission of A/N for multiple DL CCs on PUSCH
In order to carry A/N information for up to 5 DL CCs, in total up to 10 A/N bits need to be supported on PUSCH.
For up to two A/N bits, the Rel-8 scheme for A/N on PUSCH can be reused. For larger number of A/N bits it should be studied further whether, e.g. the RM code from Rel-8 could be reused.
Proposal

· Reuse Rel-8 scheme for up to 2 bits A/N

· Study whether Rel-8 RM code can be reused for larger number of A/N bits.

2.3 UCI mapping to UL component carriers

RAN1#61 agreed that UCI cannot be carried on more than one PUSCH in a given subframe. It needs to be decided after which criteria the UCI is mapped onto PUSCH CCs. 
If no PUSCH is transmitted on any CC, it has been already agreed that the UCI is transmitted on the PUCCH and mapped to the UL PCC. If PUSCH is transmitted on the UL PCC, the UCI (A/N, aperiodic or periodic CSI) can be transmitted on PUSCH on the UL PCC.

If PUSCH is transmitted on any UL CC but not on the UL PCC, the UCI (A/N, periodic CSI) can be always transmitted on UL PCC using PUCCH. Alternatively, the UCI (A/N, periodic CSI) can be mapped onto PUSCH on a certain UL CC according to some defined rules, e.g. the UL CC with the widest bandwidth that transmits PUSCH. Aperiodic CSI reports can be carried on PUSCH on the UL CC indicated in the UL grant.

Transmitting PUCCH on the PCC and PUSCH on a secondary CC leads to increased CM with a corresponding power back-off in the UE. From that perspective, it might be beneficial to transmit A/N onto the PUSCH on a secondary UL CC based on a rule. However, as the UE can miss an UL grant, the eNB would have to blindly detect if UCI is included on other UL CCs, as the eNB needs to know the length of the UCI information in order to decode data on PUSCH. As both approaches have their benefits and drawbacks, it should be further discussed whether to transmit the UCI on the PUCCH always or on the PUSCH according to a rule.
Proposal 

· If PUSCH is transmitted on the UL PCC, the UCI (A/N, aperiodic or periodic CSI) can be transmitted on PUSCH on the UL PCC.
· If PUSCH is transmitted on any UL CC but not on the UL PCC, discuss further whether to transmit UCI (A/N, periodic CSI) always on the PUCCH or on the PUSCH according to a rule. Aperiodic CSI reports can be carried on PUSCH on the UL CC indicated in the UL grant.
3 Conclusion
This contribution discusses how to transmit different types of UCI on PUSCH, and how to map UCI onto UL component carriers, and proposes the following.

· For CSI:
· Reuse Rel-8 RM code for up to 11 bits RI

· Reuse the Rel-8 tailbiting convolutional code for up to 15 bits RI

· CQI/PMI is reported for each activated DL CC.
· For A/N: 
· Reuse Rel-8 scheme for up to 2 bits A/N

· Study whether Rel-8 RM code can be reused for larger number of A/N bits.
· For the mapping of UCI onto UL CCs:
· If PUSCH is transmitted on the UL PCC, the UCI (A/N, aperiodic or periodic CSI) can be transmitted on PUSCH on the UL PCC
· If PUSCH is transmitted on any UL CC but not on the UL PCC, discuss further whether to transmit UCI (A/N, periodic CSI) always on the PUCCH or on the PUSCH according to a rule. Aperiodic CSI reports can be carried on PUSCH on the UL CC indicated in the UL grant.
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