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1 Introduction
This contribution discusses periodic CSI reporting to support TDD-FDD CA. The issue comes from the difference in reporting period between FDD and TDD. 
2 Periodic CSI reporting for TDD-FDD CA
For periodic CSI (P-CSI) reporting, the configurable set of CQI/PMI reporting period 
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 (in subframes) is different between FDD and TDD:

· 
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 for FDD: {2, 5, 10, 20, 40, 80, 160, 32, 64, 128}

· 
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 for TDD: {1, 5, 10, 20, 40, 80, 160}
In FDD,
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 = {32, 64, 128} are specified for the alignment with corresponding DRX cycles [1]. In DRX operation with these aligned 
[image: image5.wmf]pd

N

and DRX cycle, it is possible to report P-CSI at the beginning of each On Duration. Note that DRX cycles of {32, 64, 128} are suitable for 8 ms HARQ RTT in FDD uplink. 
In TDD, 
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 is selectively applicable for a specific TDD UL/DL configuration. For example, the reporting period of 
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 is applicable only for the TDD UL/DL configuration of {0, 1, 2, 6}. This is because 
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 cannot be fulfilled for the other TDD UL/DL configurations (example shown in Figure 1). As a special case, the shortest reporting period of 
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=1 means that effective reporting period is larger than 1 because uplink subframe is not always available.
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Figure 1: Npd = 5 is applicable for TDD UL/DL configuration#1 but not for TDD UL/DL configuration#4
Therefore, current specification defines TDD UL/DL configuration dependent CSI reporting period:  

TS36.213 section 7.2.2:
For TDD periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c depending on the TDD UL/DL configuration of the primary cell [3]:
· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used for CQI/PMI reporting.

· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 2, 6}.

· The reporting periods of 
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 are applicable for the serving cell c for any TDD UL/DL configuration of the primary cell.

Similarly, when it comes to TDD-FDD CA, the applicable 
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value of Scell is dependent on Pcell (i.e. the cell for the corresponding P-CSI reporting on PUCCH). For example, TDD Pcell with TDD UL/DL configuration#4 cannot support 
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 of FDD Scell while TDD Pcell with TDD UL/DL configuration#1 can support it. 
Based on current 
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value of TDD and FDD, the possible alternatives for 
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 of Scell would be as following:

Case 1: For TDD Pcell + FDD Scell, the configurable set of 
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of Scell is determined by
· Alt.1: 
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 of Pcell, i.e. {1, 5, 10, 20, 40, 80, 160}
· Furthermore, 
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= 1 of Scell is applicable only if TDD UL/DL configuration of the Pcell belongs to {0, 1, 3, 4, 6} and 
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= 5 of Scell is applicable only if TDD UL/DL configuration of the Pcell belongs to {0, 1, 2, 6}.
· From the FDD Scell perspective, 
[image: image22.wmf]pd

N

 = 1 is additionally configurable while {2, 32, 64, 128} are not any more configurable.
· Alt.2: common 
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 value between Pcell and Scell, i.e. {5, 10, 20, 40, 80, 160}
· Furthermore, 
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= 5 of Scell is applicable only if TDD UL/DL configuration of the Pcell belongs to {0, 1, 2, 6}.
· From the FDD Scell perspective, {2, 32, 64, 128} are not any more configurable.

· Alt.3: 
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 of Scell, i.e. {2, 5, 10, 20, 40, 80, 160, 32, 64, 128}
· Furthermore, the applicability of 
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= {2, 5, 32, 64, 128} of Scell should be defined according to the TDD UL/DL configuration of the Pcell (i.e. similar way as in current specification). E.g.
· 
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= 5 of Scell is applicable only if TDD UL/DL configuration of the Pcell belongs to {0, 1, 2, 6}
· 
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= {2, 32} of Scell is applicable only if TDD UL/DL configuration of the Pcell belongs to {0, 3, 6}
· 
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= {64} of Scell is applicable only if TDD UL/DL configuration of the Pcell belongs to {0, 1, 6}
· 
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= {128} of Scell is applicable only if TDD UL/DL configuration of the Pcell belongs to {0, 3, 6}
Case 2: For FDD Pcell + TDD Scell, the configurable set of 
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of Scell is determined by 
· Alt.1: 
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 of Pcell, i.e. {2, 5, 10, 20, 40, 80, 160, 32, 64, 128}
· From the TDD Scell perspective, {2, 32, 64, 128} are additionally configurable values on top of {5, 10, 20, 40, 80, 160}. 
· Alt.2: common 
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 value of Pcell and Scell, i.e. {5, 10, 20, 40, 80, 160}
· From the TDD Scell perspective, 
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 = 1 is not any more configurable.
· Alt.3: 
[image: image35.wmf]pd

N

 of Scell, i.e. {1, 5, 10, 20, 40, 80, 160}

· From the TDD Scell perspective, 
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 = 1 is supported which seems too excessive. 
In both Case 1 and 2, Alt. 2 would suffice to support 
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 of Scell while the applicability of 
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could be extended from Alt.1 or Alt.3. As Alt.3 in Case 2 results in excessive CSI reporting, it seems not desirable to support.
Proposal: For TDD-FDD CA, the configurable set of CQI/PMI reporting period 
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 (in subframes) of Scell should be clarified.  Discuss Alt.1 (
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 of Pcell) and Alt. 2 (common  
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 value of Pcell and Scell) to finalize the periodic CSI reporting for TDD-FDD CA.
Note: the text proposals for TS36.213 are provided in Annex A and B for Alt. 1 and Alt.2, respectively.
3 Conclusion
Based on the discussion in above sections, we propose following for periodic CSI reporting in TDD-FDD CA:

Proposal: For TDD-FDD CA, the configurable set of CQI/PMI reporting period 
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 (in subframes) of Scell should be clarified.  Discuss Alt.1 (
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 of Pcell) and Alt. 2 (common  
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 value of Pcell and Scell) to finalize the periodic CSI reporting for TDD-FDD CA.

Note: the text proposals for TS36.213 are provided in Annex A and B for Alt. 1 and Alt.2, respectively.
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Annex A: Text proposal for CQI/PMI reporting periodicity 
[image: image45.wmf]pd
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 for TDD-FDD CA (TS36.213 section 7.2.2) – Alt.1
Based on Alt.1 in section 2, the text proposal for TS36.213 is provided as below:
======<< TS36.213 section 7.2.2>>=====================
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For TDD or FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c depending on the TDD UL/DL configuration of the primary cell [3]:
· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used for CQI/PMI reporting.

· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 2, 6}.

· The reporting periods of 
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 are applicable for the serving cell c for any TDD UL/DL configuration of the primary cell.

For FDD-TDD and primary cell frame structure type 1 periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c [3]:
· The reporting period of 
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are applicable for the serving cell c.
Annex B: Text proposal for CQI/PMI reporting periodicity 
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 for TDD-FDD CA (TS36.213 section 7.2.2) – Alt.2
Based on Alt.2 in section 2, the text proposal for TS36.213 is provided as below:
======<< TS36.213 section 7.2.2>>=====================
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For TDD periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c depending on the TDD UL/DL configuration of the primary cell [3]:
· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used for CQI/PMI reporting.

· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 2, 6}.

· The reporting periods of 
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 are applicable for the serving cell c for any TDD UL/DL configuration of the primary cell.

For FDD-TDD and primary cell frame structure type 1 periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c [3]:
· The reporting period of 
[image: image190.wmf]}

128

,

64

,

32

,

160

,

80

,

40

,

20

,

10

,

5

,

2

{

=

pd

N

are applicable for the serving cell c if the serving cell c is frame structure type 1.
· The reporting period of 
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are applicable for the serving cell c if the serving cell c is frame structure type 2.
For FDD-TDD and primary cell frame structure type 2 periodic CQI/PMI reporting, the following periodicity values apply for a serving cell c [3]:
· The reporting period of 
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are applicable for the serving cell c if the serving cell c is frame structure type 1.
· If the serving cell c is frame structure type 2,
· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 3, 4, 6}, and where all UL subframes of the primary cell in a radio frame are used for CQI/PMI reporting.

· The reporting period of 
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 is applicable for the serving cell c only if TDD UL/DL configuration of the primary cell belongs to {0, 1, 2, 6}.

· The reporting periods of 
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 are applicable for the serving cell c for any TDD UL/DL configuration of the primary cell.
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