3GPP TSG RAN WG1 Meeting #70   
                        R1-123500
Qingdao, China, 13th – 17th August 2012
Agenda Item:
7.2.1.1
Source: 
LG Electronics

Title: 
Multi-cell Periodic CSI Transmission
Document for:
Discussion and decision
1. Introduction

In RAN1#68bis, it was agreed that multi-cell periodic CSI multiplexing is supported in Rel-11:

	·  Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)


In this contribution, we discuss the detail design of multi-cell periodic CSI reporting methods in a subframe, focussing on the CSI contents and container.
2. Contents of periodic multi-cell CSI transmission

In Rel-10, there are two types of CSI modes, (periodic) PUCCH CSI reporting mode and (aperiodic) PUSCH CSI reporting mode. 
· PUCCH CSI reporting mode in Rel-10: CSI contents are divided into PUCCH reporting types depending on the PUCCH reporting modes, and the PUCCH reporting types are transmitted with reporting period of multiples of 
[image: image1.wmf]pd

N

 subframes with a same subframe offset. Exceptionally, PUCCH reporting types with RI (i.e. type 3, 5, or 6) can be transmitted within a cycle of 
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 subframes, with periodicity 
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(relative to wideband CQI periodicity) and relative offset 
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. For each serving cell, the CSI reporting mode and the periodicity are independently configured by RRC.

Figure 1 shows an example of PUCCH CSI reporting Mode 2-0 with 3 bandwidth parts.
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Figure 1: Example of PUCCH reporting mode 2-0 (No PMI and UE selected CQI)
· PUSCH CSI reporting mode in Rel-10: CSI contents are transmitted aperiodically in one shot by PDCCH triggering.
Regarding the contents of multi-cell CSI transmission with periodicity in Rel-11, we can consider two approaches as follows: 
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Figure 2: Candidate contents of periodic multi-cell CSI

· Periodic transmission of CSI contents of periodic PUCCH CSI mode

Since PUCCH CSI mode is already intended for periodic reporting, what should be specified in Rel-11 for multi-cell CSI transmission of PUCCH CSI mode can be just additional PUCCH format as container for multi-cell CSI reporting. However, with independent configuration of periodicity between cells in Rel-10, the payload size of multi-cell CSI reporting in a subframe will vary according to the amount of collision of CSI period of cells and PUCCH report types in the subframe as shown in figure 2. It may cause PUCCH resource waste if one container is fixed which affords to deliver maximum size of multi-cell CSI or may cause frequent drop of CSI if full independent configuration of CSI reporting period for each cell.
For efficient usage of resource, aligned configuration of transmission period (i.e. the same 
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) for  multiple cells or within a cell-group should be considered. Also, in order to avoid distracted transmission of PUCCH reporting types with RI and to save the PUCCH reporting type next to the PUCCH reporting types with RI when 
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 is set to 0, the CSI dropping within a cell should be turned-off. Note that the PUCCH reporting type next to the PUCCH reporting types with RI can be PMI or wideband CSI in some CSI mode.
· Periodic transmission of CSI contents of aperiodic PUSCH CSI mode

CSI reporting of PUSCH CSI mode is aperiodically triggered by UL grant on demand, which can be configured to report CSI for multi-cells in a subframe already in Rel-10. But, frequent request of it without UL-SCH scheduling would cause PDCCH burden. Thus, a periodic PUSCH resource configuration for the PUSCH CSI mode would be beneficial if frequent and periodic update is required for aggregated multiple cells. On the other hand, PUSCH CSI modes with PMI reporting produce relatively large number of bits so that more PUSCH resource consumption is required.
3. Containers for periodic multi-cell CSI transmission
In this section, we discuss two alternative containers enabling periodic multi-cell CSI transmission.

· Alt 1 : Using existing PUCCH format
For multi-cell periodic CSI reporting on PUCCH, existing PUCCH format 3 can be used [1-4][9-11]. The current format 3 is capable of conveying 22 bits. Thus, if there are more than 22 bits of multi-cell CSI or coincident HARQ-ACK transmission, dropping of some of CSI is inevitable. Therefore, existing PUCCH formats can not be a complete container for supporting periodic multi-cell CSI transmission.
· Alt 2 : Using PUSCH

PUSCH can be considered as one of PUCCH format for multi-cell CSI reporting [5-8][9-11]. Periodic CSI reporting on PUSCH with 1 RB can accommodate PUCCH CSI reporting mode up to five component carriers (max 55 bits) and PUSCH can also be a container affordable for more than 55 bits considering the future extension. However, with the independent configuration of CSI transmission period for each cell and variation of the number of cells actually aggregated for a UE, the maximum size of 55 bits of multi-cell CSI may not happen so frequently. Therefore, PUSCH is wasteful container if we keep the independently configured PUCCH CSI reporting mode for each cell in Rel-10 without modification, since PUSCH has no UE multiplexing capacity. 
4. Combinations of Contents and Containers

From the considerations of section 2 and 3, there can be 4 combinations of contents and containers for multi-cell CSI transmission.

· Contents of PUSCH CSI modes on PUCCH format 3:

It is physically impossible because contents of PUSCH CSI mode exceed the affordable bits of PUCCH format 3.

· Contents of PUSCH CSI modes on periodic PUSCH: 

The CSI contents of PUSCH CSI modes are well-matched to PUSCH without introducing additional CSI mode. However, large amount of PUSCH resource overhead may be necessary due to relatively large number of bits from PUSCH CSI modes than PUCCH CSI modes.

· Contents of PUCCH CSI modes on PUCCH format 3:

It is incomplete solution for multi-cell CSI transmission. With the large number of cell aggregation or collision with HARQ-ACK, some of CSI will be dropped. However, it can support up to 2 CSI reporting without resource waste and the CSI collision can be alleviated by cell-group wise arrangement of CSI configuration.
· Contents of PUCCH CSI modes on periodic PUSCH:

Resource may be wasted because PUSCH container relatively larger in comparison to the average size of contents of PUCCH CSI mode. Therefore, some modification should be adopted such as alignment of transmission instances across cells (the same 
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Based on the discussion on the combinations of periodic CSI contents and containers above, we suggest the followings:
Proposal #1: Periodic PUSCH and PUCCH are configurable for periodic multi-cell CSI container.
Proposal #2: PUCCH CSI mode with aligned transmission instances across cells or cell-group as for CSI contents.
Proposal #3: The CSI dropping within a cell should be turned off when multi-cell CSI transmission is configured.
5. Conclusion
This contribution discussed the details of CSI contents and container for multi-cell periodic CSI reporting methods in a subframe. As a conclusion, we propose as follows:
Proposal #1: Periodic PUSCH and PUCCH are configurable for periodic multi-cell CSI container.

Proposal #2: PUCCH CSI mode with aligned transmission instances across cells or cell-group as for CSI contents.

Proposal #3: The CSI dropping within a cell should be turned off when multi-cell CSI transmission is configured.
6. References

[1] R1-121986, “Multi-cell periodic CSI transmission,” Ericsson, ST-Ericsson
[2] R1-122025, “Transmission methods for multi-CC periodic CSI,” CATT
[3] R1-122394, “Periodic CSI multiplexing for Carrier Aggregation,” Nokia Siemens Networks, Nokia
[4] R1-122762, “On reducing periodic CSI dropping for CA operation,” Qualcomm Incorporated
[5] R1-122092, “Multi-cell periodic CSI multiplexing issues on uplink control signalling enhancement,” New Postcom
[6] R1-122114, “Details of Multi-Cell Periodic CSI Multiplexing,” ZTE
[7] R1-122171, “Multiplexing of periodic CSI for carrier aggregation,” Panasonic
[8] R1-122212, “Multi-Cell Periodic CSI Reporting,” Samsung
[9] R1-121936, “Multi-cell periodic CSI reporting in a subframe,” Huawei, HiSilicon
[10] R1-122338, “Discussions on Multi-Cell Periodic CSI Multiplexing,” Renesas Mobile Europe Ltd
[11] R1-122465, “Support of Multiple Periodic CSI Reports for Carrier Aggregation,” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
















































































































































_1398262192.unknown

_1398324184.unknown

_1398329280.unknown

_1398267039.unknown

_1398275595.unknown

_1316537799.unknown

_1398260750.unknown

_1316537506.unknown

