Page 1

3GPP TSG RAN WG1 Meeting #66bis

R1-113310
Zhuhai, China, 10th – 14th October 2011
Agenda item:
7.2.1.2
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title: 
On Periodic CSI Report for Carrier Aggregation
Document for:
Discussion and Decision
1 Introduction
In Rel-10 carrier aggregation, periodic CSI reports can be configured independently for each serving cell. However, it was agreed that when a collision in time occurs, the periodic CSI report of only one serving cell is transmitted in the subframe and all other periodic CSI reports are simply dropped (even if there is a PUSCH grant in the subframe for any of the configured cells). When the number of component carriers is small, it is often possible for the eNB to coordinate the CSI report configurations for multiple serving cells in time so that they do not collide with each other. However, with more component carriers, it becomes very difficult, and sometimes impossible, to avoid the collision. This can result in significant CSI report dropping.
One possibility within the scope of Rel-10 is to issue a dynamic grant for the PUSCH when a collision would occur and trigger a multi-cell aperiodic CSI report, but this increases the load on the PDCCH which is contrary to the intended principle of periodic CSI reporting. 

Moreover, in Rel-10, when the periodic CSI report collides with HARQ-ACK on PUCCH, the periodic CSI report is also dropped (with a few exceptions). When the UE has heavy DL data traffic, each HARQ-ACK feedback can potentially cause the drop of the periodic CSI report. However, reliable and up-to-date CSI feedback is exactly what is needed in this case, in order to provide the UE with high transmission efficiency on the DL.

Regardless of the reasons for CSI dropping, frequent CSI dropping impacts the CSI feedback quality at the eNB and can reduce the downlink throughput.
In the carrier aggregation enhancements WI [1], possible improvement of UL physical layer signaling is identified as one of the areas for enhancement. The enhancement for periodic CSI report falls into this category. In this contribution, we discuss the different options to avoid periodic CSI report dropping and provide our recommendations.
2 Simultaneous Transmission of Periodic CSI Reports for Multiple Cells
In Rel-10, the periodic CSI report, when transmitted on PUCCH, is transmitted using PUCCH format 2 (which can carry up to 13 information bits). Obviously the maximum payload size for format 2 is not sufficient to support the periodic CSI reports for up to 5 cells. There are a few options to address this issue:
1. Use PUCCH format 3

PUCCH format 3 can carry up to 21 bits. Therefore it can potentially carry the CSI reports for multiple cells. The number of cells that can be supported would depend on the CSI payload size per cell, which is determined by the CSI reporting mode. The obvious drawback is that it does not provide a universal solution, because the maximum payload size is still too small to support all the reporting modes for up to 5 cells; indeed, in some cases even PUCCH format 3 can only carry the CSI feedback for 2 cells.
2. Define a new PUCCH format for larger payload size

A new PUCCH format (e.g. using reduced spreading factor based on format 2 or format 3 structure) could be defined to support larger payload size. This would introduce significant impact on specifications, and require eNB and UE to support the new format. Moreover, PUCCH was not originally designed to support large payload size. Any new format extended from the existing ones will most likely be very inefficient when the payload size is large. It will also have a significant coverage shrink with such a large payload.
3. Use PUSCH
PUSCH is another option to carry the periodic CSI report for multiple cells. This would be a rather straightforward extension of the existing functionality of carrying aperiodic CSI report using PUSCH. One major issue of using PUSCH to carry periodic CSI is the corresponding PUSCH resource assignment. If it happens that there is a PUSCH grant available for any of the configured cells, the periodic CSI can be sent in the assigned PRBs, multiplexing with the data. But for more general cases, there may be a need for a kind of semi-statically configured resource assignment to ensure the transmission. Fortunately this would not result in waste of resource when periodic CSI is not transmitted. Because the eNB has all the configuration information for the UE and the perfect knowledge of when to expect the UE transmission, the eNB could reuse the resource for PUSCH when it is not needed for UCI. The details of course still need further discussions. However, this option can be applied to all scenarios (any reporting mode for up to 5 component carriers), and is thus worth pursuing further.
Based on the above discussions, we propose to consider PUSCH as the option to carry periodic CSI reports for multiple cells.
Proposal 1: PUSCH should be considered for carrying simultaneous transmission of periodic CSI reports for multiple cells.

3 Simultaneous Transmission of Periodic CSI Report and HARQ-ACK
With carrier aggregation in Rel-10 (>= 2 component carriers), HARQ-ACK, when transmitted on PUCCH, is transmitted using either format 1b with channel selection or format 3. Some existing PUCCH formats can possibly be used to simultaneously transmit periodic CSI report and HARQ-ACK under certain scenarios, but none of them has a sufficiently large payload size available to support it for all different scenarios. On the other hand, PUSCH can be extended to support it without fundamental change. This would be similar to using PUSCH to support the simultaneous transmission of periodic CSI reports for multiple cells.
Proposal 2: PUSCH should be considered for carrying simultaneous transmission of periodic CSI report and HARQ-ACK.
4 Conclusion
In this contribution, we discuss the possible UL signalling enhancement for periodic CSI report for carrier aggregation, and have the following proposals:
Proposal 1: PUSCH should be considered for carrying simultaneous transmission of periodic CSI reports for multiple cells.

Proposal 2: PUSCH should be considered for carrying simultaneous transmission of periodic CSI report and HARQ-ACK.
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