3GPP TSG RAN WG1 Meeting #67
                                     R1-113905
San Francisco, USA
10th – 14th Nov. 2011
Agenda item: 7.2.1.2
Source: LG Electronics

Title: Enhancement on Periodic CSI Transmission for Carrier Aggregation
Document for: Discussion and decision
1. Introduction
In RAN1 #66bis, RAN1 have considered potential UL control signalling issues. One of them is aggregated periodic CSI reporting for multiple CCs in a subframe since, in Rel-10 CA system, the periodic CSI is reported for only one DL component carrier (CC) in one subframe[1].
In this contribution, we discuss the aggregated periodic CSI reporting methods for multiple CCs in a subframe .
2. Discussions

In LTE-A Rel-10 CA, periodic CSI reporting is transmitted by PUCCH on PCell in the same way as Rel-8/9. Although new schemes such as carrier aggregation and 8Tx DL MIMO were introduced in Rel-10, the maximum payload size of PUCCH format 2/2a/2b for periodic CSI reporting was maintained as 11 bits. The periodic CSI reporting for multiple cells in one subframe is not supported for Rel-10 CA.

As more serving cells are aggregated, periodic CSI reporting latency will be increased due to frequent dropping by collision of multiple CSI reporting and possibly with other control signals such as HARQ-ACK transmission. The negative impact caused by CSI dropping will become more serious as the number of aggregated cells is increased. It would result in DL throughput loss and require frequent aperiodic CSI reporting for link adaptation. In consequence, more PDCCH and PUSCH resources to trigger and transmit aperiodic CSI transmission would be necessary.
 From that perspective, we discuss three alternatives enabling aggregated periodic CSI to be transmitted.
· Alt 1 : Using PUCCH format 3

For periodic CSI reporting on PUCCH, PUCCH format 3 can be used [3][4]. The current PUCCH format 3 is capable of conveying 21 bits. With current dual RM coding, a joint CSI transmission for up to two component carriers conveying 22bits can be achieved. Unlike PUSCH transmission not having open loop transmit diversity scheme, using PUCCH format 3 for CSI transmission can leverage it to make the control information more robust with TxD. However, considering the possible extension to all the other scenarios for up to five component carriers or DL-MIMO/CoMP feedback enhancements with a common structure, this method might not be an adequate method for aggregated periodic CSI reporting in a subframe. 
· Alt 2 : Modified PUCCH format 3

Normal PUCCH format 3 uses 5-length orthogonal cover code (OCC) for multiplexing purpose. However, the payload size can be increased up to 44bits while the multiplexing capacity is reduced from 5 with SF=5 to 3 with SF=3.[4] Figure 1 show this example which reducing the length of OCC (modified PUCCH format 3). When the SF (spreading factor) is reduced to 1, it becomes the same structure as PUSCH transmission. Due to different structures from original PUCCH format 3, this modified one should be located in different PRB to provide orthogonality for multiplexing. In addition, further performance requirements would be needed by RAN4.
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Figure 1. Examples of extended PUCCH format 3 with SF reduction.

· Alt 3 : Using PUSCH

Periodic CSI reporting for multiple aggregated cells may be transmitted on PUSCH [5]. Periodic CSI reporting on PUSCH can accommodate CSI reporting up to five component carriers. Therefore, DL throughput loss and unnecessary aperiodic CSI reporting can be alleviated by this approach. 
Either RRC configuration like PUCCH format 2 or same principle as SPS activation/deactivation can be used in order to minimize the specification impact. Further study is needed which solution is adequate.
3. Conclusions

This contribution discussed necessity and methods of the periodic CSI reporting for LTE-A Rel-11. To alleviate DL throughput loss and unnecessary aperiodic CSI reporting, the enhancement of periodic CSI transmission seems to be needed. Three approaches using PUCCH format 3, modified PUCCH format 3 and using PUSCH are considered for aggregated periodic CSI reporting in a subframe. However, when considering scalability of periodic CSI reporting up to five component carriers and specification impact, we prefer periodic CSI reporting on PUSCH for aggregated periodic CSI reporting for multiple CCs in a subframe.
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