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Introduction
In the RAN1#80bis meeting [1], the following observations were made on CSI reporting for carrier aggregation enhancement beyond 5 carriers
	Observations:
· At least the following enhancements to CSI reporting in order to reduce periodic CSI report dropping probability can be studied
· Multiplexing of periodic CSI reports corresponding to multiple serving cells
· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback
· Details FFS including at least: 
· supported PUCCH format(s) 
· prioritization rules
· Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or guarantee sufficient coverage and low overhead can be studied
· Details of candidate enhancements FFS including at least:
· Compact (e.g. wideband-only) Aperiodic CSI reports
· Grouping of triggered and/or reported cells/carriers
· More flexible indication (triggering) of reported carriers and the type of the report
· Limiting UE complexity associated with reporting up to 32 CCs
· Higher order modulation for A-CSI reports



In this contribution, we share our view on CSI reporting for CA enhancement beyond 5 carriers.
Discussions
In the RAN1#80 meeting [2], the following UE assumptions were agreed:
	Agreements:
· RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.
· Enhancements to support UCI feedback on PUCCH on Pcell for up to 32 DL carriers and enhancements to support UCI feedback on PUSCH on one cell for up to 32 DL carriers
· Applicable to both cases when UL CA is configured or UL CA is not configured for UL CA capable UEs
· Applicable to non-UL CA capable UEs
· FFS: Multiple PUCCHs on Pcell
· Two PUCCH cell groups are configured for up to 32 DL carriers
· Applicable only when UL CA is configured
· FFS: how many PUCCH cell groups are supported
· FFS: more than two PUCCH cell groups case


Therefore, CSI reporting by using one UL carrier should give support to up to 32 DL CCs.
Observation:
· It is needed that the design of CSI feedback mechanism supports CSIs of 32 DL CCs on one UL carrier

Enhancements of periodic CSI reporting on PUCCH
Multiplexing of periodic CSI reports corresponding to multiple serving cells:
Periodic CSI reporting on PUCCH has been specified, where the CSI of a single DL CC is periodically reported in one UL subframe by handling CSI collision and assigning different priorities to different reporting modes. If the current mechanism is reused to report CSIs of 32 DL CCs, the reporting period of CSI(s) of a given CC becomes very long. In the current discussion, introduction of a new PUCCH format with large payload size is being discussed. 
Proposal 1:
· Multiplexing of periodic CSI reports corresponding to multiple serving cells should be supported

Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback:
In the current specification, periodic CSI report with ACK/NACK feedback is also supported as PUCCH format 2a/2b/3. Considering the currently specified features, it is natural that multiplexing of periodic CSI reports of multiple serving cells with ACK/NACK feedback. 
If multiplexing of periodic CSI reports of multiple serving cells with ACK/NACK feedback is supported, we should also consider how to report multiple CSIs and HARQ-ACK bits on one PUCCH. 
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Figure 1. An example of multiple CSI reports and ACK/NACK feedback of multiple DL cells
In this figure, in a given subframe, HARQ-ACK bits of DL cells #1, #4, #6 and #9 should be transmitted to feed back HARQ-ACK bits of scheduled PDSCH (or SPS release). In addition, CSIs of DL cells #1 and #5 should be reported in the subframe by configuration of periodic CSI reporting of these DL cells. In this case, CSIs of 2 cells and HARQ-ACK bits of 4 cells should be simultaneously transmitted in one subframe. Considering arbitrary combination of the number of cells of CSI reports and the number of cells on which HARQ-ACH bits are reported, further study is needed on detailed feedback mechanism of multiplexing of CSI reports corresponding to multiple serving cells.
Proposal 2:
· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback should be supported
· FFS: detailed feedback mechanism

Supported PUCCH format(s):
If multiple CSIs for serving cells are reported in one subframe, the number of bits of the CSI report is significantly large. Therefore, it is natural that at least new PUCCH format with the larger number of bits than PUCCH format 3 is needed for multiple CSI reporting. Therefore,
Proposal 3:
· At least new PUCCH format should be used for transmission of multiple CSIs for multiple serving cells
· FFS: Exact number of cells 
· FFS: how to multiplex of multiple CSIs and ACK/NACK of multiple cells

Aperiodic CSI reporting mechanism on PUSCH
Enhancements of aperiodic CSI feedback mechanisms were proposed in the last meeting. One discussion point is whether the number of bits for aperiodic CSI trigger is increased or not.
0. No enhancement of the current mechanism by extending bitwidth to 32 bits in RRC message 
0. Enhancements of A-CSI trigger mechanism to flexibly indicate combination of DL CCs

In case 1, one most important advantage is that there is no RAN1 specification impact. However, because eNB can indicate one of only 2 sets of DL CCs for A-CSI trigger, the number of CSIs which a UE should report may be very large, i.e. 32 DL CCs at maximum, and large CSI overhead in PUSCH can be a concern at a same time. 
On the other hand, in case 2, because the number of RRC configured sets of DL carriers is increased, the flexibility of indication of DL CCs is improved, and the number of reported CSIs on one UL subframe can also be small. Therefore, our preference is that RAN1 should study the enhancements of more flexible A-CSI trigger.
Proposal 4:
· Enhancements of A-CSI trigger should be studied to flexibly trigger aperiodic CSI reporting

When we assume aperiodic CSI reporting mechanism is enhanced, the following two alternatives can be considered for enhancement of aperiodic CSI reporting.
1. DL-cell grouping approach without increasing the number of bits in CSI request field
2. The number of bits in CSI request field is extended, e.g. 2 bits  3 bits
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Figure 2. DL cell group-specific aperiodic CSI reporting  
Figure 2 shows one example of alternative 1. In this example, we assume that 10 DL CCs are configured for a UE, and two DL cell groups are configured for one uplink carrier. In this case, eNB triggers A-CSI reporting of either DL cell group #1 (black arrows) or DL cell group #2 (red arrows). In each cell group, the indication of DL CC sets can follow the current mechanism. In this case, we can realize the support of A-CSI report without any change of DCI, but we should determine how to indicate DL cell group. Moreover, any combination of DL CCs across cell groups cannot be simultaneously reported even though the number of simultaneously updated CSI is small.

[image: ]
Figure 3. An example of increasing number of sets of DL cells

Figure 3 shows an example of alternative 2, and only 4 sets are listed in this figure. We assume that 10 DL CCs associated with one uplink carrier are configured. As shown in this figure, the number of sets of DL cells is increased by the number of bits in CSI request field, and the flexibility of combination of DL cells for A-CSI reporting is improved, and the number of simultaneously updated CSIs can be reduced by increasing the number of sets. When up to 5 DL CCs are configured for one uplink carrier, the current mechanism is sufficient, because the same mechanism can be used for the case.
Therefore, we propose:
Proposal 5:
· We prefer the number of bits in CSI request field is increased when more than 5 DL CCs associated with one uplink carrier are configured.

Conclusion
In this contribution, we share our views on aperiodic CSI feedback mechanism
Observation:
· It is needed that the design of aperiodic CSI feedback mechanism supports CSIs of 32 DL CCs on one UL carrier
Proposal 1:
· Multiplexing of periodic CSI reports corresponding to multiple serving cells should be supported
Proposal 2:
· Multiplexing of periodic CSI reports corresponding to multiple serving cells with ACK/NACK feedback should be supported
· FFS: detailed feedback mechanism
Proposal 3:
· At least new PUCCH format should be used for transmission of multiple CSIs for multiple serving cells
· FFS: Exact number of cells 
· FFS: how to multiplex of multiple CSIs and ACK/NACK of multiple cells
Proposal 4:
· Enhancements of A-CSI trigger should be studied to flexibly trigger aperiodic CSI reporting
Proposal 5:
· We prefer the number of bits in CSI request field is increased when more than 5 DL CCs associated with one uplink carrier are configured.

References
[1] [bookmark: _Ref275976890][bookmark: _Ref302982356][bookmark: _Ref314143987][bookmark: _Ref318668252][bookmark: _Ref319185883]Chairman’s note, RAN1#80bis, April, 2015.
[2] Chairman’s note, RAN1#80, February, 2015.

1

image3.emf
DL cell

#1

#2 #3

#4

#5 #6

#7

#8 #9 #10

1 0 1 0 1 0 1 0 1 0

1 1 1 1 1 0 0 0 0 0

0 1 0 1 0 1 0 1 0 1

0 0 0 0 0 1 1 1 1 1

Set #1

Set #2

Set #3

Set #4

Sets of DL cells for A-CSI trigger


image1.emf
DL cell

UL cell

PUCCH cell

CSI

HARQ-ACK

#1

#2 #3

#4

#5 #6

#7

#8 #9 #10


image2.emf
DL cell

UL cell

PUSCH

#1

#2 #3

#4

#5 #6

#7

#8 #9 #10

DL cell group #1 DL cell group #2



1


 


 


3GPP TSG RAN WG1 Meeting #


8


1


 


R1


-


153050


 


Fukuoka


, 


Japan


, 


May


 


2


5


th


 


�


 


2


9


th


, 201


5


 


 


Source:


 


Sharp


 


Title:


 


Enhancements of CSI reporting for beyond 5 carriers


 


Agenda Item:


 


6.2.2.2.2.3


 


Document 


for:


 


Discussion


 


and Decision


 


1.


 


Introduction


 


In the RAN1#80


bis


 


meeting


 


[1]


, 


the following observations were made on CSI reporting for carrier 


aggregation enhancement beyond 5 carriers


 


O


bservations


:


 


•


 


At least the following enhancements to CSI reporting in order


 


to reduce periodic CSI report 


dropping probability


 


can be studied


 


•


 


Multiplexing of periodic CSI reports corresponding to multiple serving cells


 


•


 


Multiplexing of periodic CSI reports corresponding to multiple serving cells with 


ACK/NACK feedback


 


•


 


Details FFS 


including at least: 


 


•


 


supported PUCCH format(s) 


 


•


 


prioritization rules


 


•


 


Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or 


guarantee suffic


ient coverage and low overhead


 


can be studied


 


•


 


Details of candidate enhancemen


ts FFS including at least:


 


•


 


Compact (e.g. wideband


-


only) Aperiodic CSI reports


 


•


 


Grouping of triggered and/or reported cells/carriers


 


•


 


More flexible indication (triggering) of reported carriers and the type of the report


 


•


 


Limiting UE complexity associated with 


reporting up to 32 CCs


 


•


 


Higher order modulation for A


-


CSI reports


 


 


In this contribution, we share our view on 


CSI reporting for 


CA enhancement beyond 5 carriers


.


 


2.


 


Discussions


 


In the 


RAN1#80 meeting


 


[


2


]


, the following 


UE assumptions were agreed:


 


A


greements:


 


•


 


RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.


 




1     3GPP TSG RAN WG1 Meeting # 8 1   R1 - 153050   Fukuoka ,  Japan ,  May   2 5 th   –   2 9 th , 201 5     Source:   Sharp   Title:   Enhancements of CSI reporting for beyond 5 carriers   Agenda Item:   6.2.2.2.2.3   Document  for:   Discussion   and Decision   1.   Introduction   In the RAN1#80 bis   meeting   [1] ,  the following observations were made on CSI reporting for carrier  aggregation enhancement beyond 5 carriers  

O bservations :   •   At least the following enhancements to CSI reporting in order   to reduce periodic CSI report  dropping probability   can be studied   •   Multiplexing of periodic CSI reports corresponding to multiple serving cells   •   Multiplexing of periodic CSI reports corresponding to multiple serving cells with  ACK/NACK feedback   •   Details FFS  including at least:    •   supported PUCCH format(s)    •   prioritization rules   •   Enhancements to Aperiodic CSI reporting in order to improve the triggering flexibility and/or  guarantee suffic ient coverage and low overhead   can be studied   •   Details of candidate enhancemen ts FFS including at least:   •   Compact (e.g. wideband - only) Aperiodic CSI reports   •   Grouping of triggered and/or reported cells/carriers   •   More flexible indication (triggering) of reported carriers and the type of the report   •   Limiting UE complexity associated with  reporting up to 32 CCs   •   Higher order modulation for A - CSI reports  

  In this contribution, we share our view on  CSI reporting for  CA enhancement beyond 5 carriers .   2.   Discussions   In the  RAN1#80 meeting   [ 2 ] , the following  UE assumptions were agreed:  

A greements:   •   RAN1 supports following two mechanisms for UCI feedback to support Rel.13 CA configurations.  

