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1 Introduction
RAN1 has recently made significant progress in terms of the downlink control signalling in PDCCH to assign resources in aggregated component carriers. However the issue of how periodic CQI reports are used in carrier aggregation scenarios has not been treated extensively online yet.
In RAN1 58bis meeting, the following agreement has been reached relating to periodic CQI reports:

· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC

· Following Rel8 principles for CQI/PMI/RI

· Consider ways to reduce reporting overhead, e.g. DL CC cycling

· Consider ways to support extending CSI payload
2 Discussion
2.1 Periodic CQI/PMI/RI Reporting and Configuration in Release 8
In Release 8, it is basically the job of the RRC configuration to assign proper values for all aspects of periodic reports. Among these are
· Subband CQI cycle factor

· Rank report time offset and multiplier

· PUCCH resource index

· CQI/PMI periodicity and time offset
2.2 Situation in carrier aggregation
When the system supports multiple component carriers, it is in principle possible to treat each component carrier individually, such that the higher layer configurations can be established independently. As a consequence of the previous agreement that periodic CSI reporting for up to 5 DL CC are semi-statically mapped onto one UE specific UL CC, the designation of the UL component carrier where the periodic reporting should occur can be part of the higher layer message that activates the carrier aggregation mode.
In principle, it is therefore possible to assign different periodicities, PUCCH resources, and offset values to the different component carrier reports. Consequently, by careful eNB configuration, it is possible that the methods existing in Release 8 are sufficient without further need for PUCCH payload improvement or PUCCH overhead reduction. However, in our view this would impose too many restrictions on the reporting, particularly if many UEs are active in many downlink component carriers at the same time.

Consequently, we should study methods how to allow the handling of cases where in one subframe, CQI/PMI/RI should be reported for multiple component carriers.

Case 1: Transmission on PUSCH

By proper configuration, the eNodeB can be aware that the UE would try to send multiple CQI/PMI/RI in a given subframe. A simple method to accommodate this is to exploit the Release 8 mechanism that in case of an available PUSCH resource, the CQI/PMI/RI is transmitted within that PUSCH resources instead of the configured PUCCH resource(s). In case that the periodic CQI formats and content for Release 10 are the same as for Release 8, it should be possible to transmit several CQI/PMI/RI within the available PUSCH resource.
Case 2: Simultaneous transmission on multiple PUCCH

In case several CQI/PMI/RI reporting instances are occurring in a given subframe, the configuration may be such that they would be using different PUCCH resources. However, this will increase the cubic metric, so it may not be useful for UEs in a power-limited situation.

Case 3: Extension of PUCCH payload

The payload on a single PUCCH resource could be increased by employing 16-QAM - roughly speaking doubling the capacity compared to Release 8. However, the extended payload method would be more prone to transmission errors, so it would not be suitable for power-limited UEs or those facing low SINR conditions.

Case 4: Priorisation of CQI/PMI/RI

Already in Release 8, it is specified that CQI/PMI reporting is dropped in case it collides with an RI reporting instance. This principle can be extended to the carrier aggregation scenario by transmitting only the CQI/PMI or RI value(s) which is configured with the largest periodicity value, i.e. the one which occurs most infrequently is prioritised. All other CQI/PMI/RI content is dropped from transmission in that subframe. By this, the single-carrier property of Release 8 is maintained, and no payload extension needs to be specified either.

2.3 Discussion

In our view, there is no single case from those listed above that is a good solution for the most applicable scenarios. The following table shows our assessment of the benefits and drawbacks of the cases with respect to different scenarios.

	
	Case 1
PUSCH
	Case 2
Multiple PUCCH
	Case 3
Extended PUCCH Payload
	Case 4
Priorisation

	Low SINR
	Usable
PUCCH may be more robust than PUSCH
	Usable
Single PUCCH or PUSCH may be preferable 
	Not good
High BLER can be expected
	Useful

	High SINR
	Useful
	Useful
	Useful
	Usable
Not efficient usage, it would be better to transmit more content on PUSCH

	Low Power Headroom
	Usable
PUCCH may be more robust than PUSCH
	Not good
Larger CM transmission is likely to be erroneous
	Not good
Larger CM transmission is likely to be erroneous
	Useful

	High Power Headroom
	Useful
	Useful
	Useful
	Usable
Not efficient usage, it would be better to transmit more content on PUSCH

	Small number of UEs
	Useful
	Usable
Resources could be available on PUSCH
	Usable
Resources could be available on PUSCH
	Usable
Resources could be available on PUSCH

	Large number of UEs
	Not good
High cost to give UL grant (PDCCH), high cost for used PUSCH resources
	Usable
Multiple PUCCH resources are occupied by each UE
	Useful
	Useful

	Effort in standardisation to support
	Small
Basically reuses Release 8 mechanism
	Medium
Non single-carrier transmission is expected to be specified anyway in Release 10 
	Large
Effort required to choose between different detailed expansion methods
	Small
Reuse of Rel. 8 mechanism, only an additional dropping rule is required


According to our observation, the PUSCH-based and prioritization-based cases (Case 1 and Case 4) are complementing each other. So we think at least these two cases should be supported. Whether other cases such as multiple PUCCH-based or extended PUCCH payload methods need to be supported needs further study.
3 Conclusion

We propose to further consider mainly a Release 8 PUSCH-based solution for multiple CQI/PMI/RI and a Release 8 PUCCH-based solution for prioritised single CQI/PMI/RI transmission for Release 10.
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