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1
Introduction
The Work Item ”LTE Carrier Aggregation Enhancement Beyond 5 Carriers” (approved in [1]) targets at enhancing carrier aggregation framework to support up to 32 component carriers. One part of the approved WID tasks 3GPP to work on enhancements to Channel State Information reporting. In RAN1#82bis significant agreements and working assumptions were made:
Agreements:
· A higher-layer parameter is introduced to enable/disable multi-cell P-CSIs + HARQ-ACK on a new PUCCH format

· If it is disabled, when the UE transmits HARQ-ACK/SR on the new PUCCH format, the UE does not include P-CSIs on the new PUCCH format

R1-156372
WF on Periodic CSI reporting configuration
Nokia Networks, Lenovo, Samsung, Ericsson, NTT DOCOMO, Huawei, HiSilicon, Intel, LGE, NEC 

The agreed WF in R1-156372 states:

For Periodic CSI-only:

· Per-CC configuration of periodic CSI (up to 32 CCs) as rel-12
· Reporting mode, periodicity, subframe offset (separately for RI and CQI/PMI), PUCCH format 2 resource as in Rel-12
· The existing per-CC P-CSI configuration is extended to support up to 32 CCs
· Up to two At least one  (FFS more than one) UE specific configuration(s) for multi P-CSI transmission (“multi P-CSI resource ”), each including the following  
· PUCCH Format (new PUSCH-like PUCCH format, FFS: new PUSCH-like format with CDM, FFS: format 3)
· PUCCH Resource
· Max supported payload [bits or reports] or code rate, up to 8 32 RRC signaling states
· If the maximum is exceeded, the UE drops reports according to priority rules (Rel-12 rules as a baseline) until supported payload is not exceeded
· [Power control related parameters, common config for all UCI types]
· In a subframe where only one periodic CSI occurs, PUCCH format 2 is used as in Rel-12
· In a subframe where more than one periodic CSI occur, one of the multi P-CSI resource(s) is used
· FFS how to select one of the multi P-CSI resource(s) 
For periodic CSI + HARQ-ACK/SR:
· FFS how to define a maximum number of CSI + HARQ-ACK/SR bits to be transmitted in one new PUSCH-like PUCCH resource in a subframe
In this contribution we discuss the remaining open aspects related to periodic CSI feedback for enhanced CA.
2
Periodic CSI reporting on PUCCH
The agreements in R1-156372 close many of the open issues related to periodic CSI reporting of enhanced CA, but a few details remain still open. In the following we address those aspects and state our preferences regarding each one.
PUCCH formats supporting Multi cell-CSI (+HARQ-ACK/SR) transmission
The agreement in R1-156372 confirms support for Multi-cell periodic CSI transmission with the newly agreed PUCCH Format 4 (aka PUSCH-like PUCCH format). On the other hand, support for PUCCH format 3 as well as the other new PUCCH format (Format 5) was left open.
We see that the other PUCCH formats are equally applicable for carrying multi-cell P-CSI and e.g. in the case of lower number of carriers the payload of both PUCCH format 3 as well as PUCCH format 5 are sufficient. Therefore we see that also those PUCCH formats should supports multi-cell periodic CSI reporting. From the specification point of view simplest is to include PUCCH format in the RRC configuration of “up to two UE specific configuration(s) for multi P-CSI transmission”.
Proposal #1: Each Multi P-CSI resource can be configured to be either a PUCCH Format 3, 4, or 5 resource.
Determination of the supported payload for multi-CSI transmission
Another point where clarification is still needed relates to determining the supported payload size for multi-CSI transmission. According to the agreement from RAN1#83, the payload can be indicated with 8 RRC signalling states. What remains open is whether the maximum payload is indicated to the UE in terms of number of bits, number of reports, or coding rate. 

Since the number of bits available for multi-CSI transmission depends on e.g. PUCCH format, number of PRBs as well as SRS configuration (shortened subframe), it may not be easy to define the payload in an absolute manner (i.e. in terms of number of bits). On the other hand, the size of CSI reports for different carriers may vary largely as well, making CC based configuration impractical as well. Therefore it appears that the best option is to define the payload via coding rate.

One possible way to define the coding rate in this context is as:

CR =  Nctrl  / (Qm * 
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· Nctrl   
Total number of coded control signalling bits (including CRC bits) in a subframe

· Qm
Modulation order: 2 for QPSK

· 
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Number of PUCCH data symbols in a subframe (excluding possible SRS symbol)
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Current bandwidth for PUCCH transmission, expressed as a number of resource blocks

With the definition above, CR includes both coding gain from channel coding as well as the processing gain from spreading in the case of CDM.

Proposal #2: Maximum supported coding rate for multi-CSI transmission is configured for each multi-CSI resource. 
A related question is how to define the maximum number of bits in the case of HARQ-ACK and CSI multiplexing. In principle, similar approach can easily be adopted here: a maximum coding rate is defined, and in case that would be exceeded, some of the CSI reports are dropped. Naturally, the network should select the HARQ-ACK resource and the maximum coding rate in such a way that HARQ-ACK alone shall no exceed the maximum coding rate. Given the BLER targets for CSI and HARQ-ACK can be different, it makes sense to introduce a separate RRC parameter for the maximum coding rate in case of HARQ-ACK and CSI multiplexing.
Proposal #3: A new RRC parameter is introduced for maximum supported coding rate when HARQ-ACK and one or more CSI reports coincide.
Resource allocation in the case of collision 

One further open question is resource allocation in the case when:

· Two periodic multi P-CSI resources coincide, and/or
· HARQ-ACK and multi-cell periodic CSI reports coincide. 
In principle, depending on the number of scheduled carriers and the periodic CSI reporting configuration, the payload size of HARQ-ACK may or may not be larger than that of multi P-CSI. In any case, it seems that the simplest option is to use in the case of a collision the largest available PUCCH resource, (i.e. the HARQ-ACK resource or one of the multi P-CSI resources), for conveying the feedback. In case the payload exceed the maximum supported coding rate, some of the CSI is dropped. 
Proposal #4: In the case when two periodic multi P-CSI resources coincide, the resource with larger supported payload is used. 

Proposal #5: In the case when HARQ-ACK and multi-cell periodic CSI reports coincide, the resource with larger supported payload is used.   
Channel Coding for multi P-CSI reports
One further open point relates to channel coding in the case of multi P-CSI transmission using Format 3 or format 5. We see that the simplest solution is to apply similar channel coding as for HARQ-ACK in this case, i.e. for Format 5 TBCC with joint coding is used, and for Format 3 dual-RM with joint coding is applied. 
Proposal #6: Joint coding of multiple P-CSIs and HARQ-ACK / SR is applied also with PUCCH Format 3 and 5.
3
Conclusion
In this contribution we have discussed the implications that increased number of aggregated carriers has on CSI reporting. We make the following proposals:
Proposal #1: Each Multi P-CSI resource can be configured to be either a PUCCH Format 3, 4, or 5 resource.
Proposal #2: Maximum supported coding rate for multi-CSI transmission is configured for each multi-CSI resource. 

Proposal #3: A new RRC parameter is introduced for maximum supported coding rate when HARQ-ACK and one or more CSI reports coincide.
Proposal #4: In the case when two periodic multi P-CSI resources coincide, the resource with larger supported payload is used. 

Proposal #5: In the case when HARQ-ACK and multi-cell periodic CSI reports coincide, the resource with larger supported payload is used.   

Proposal #6: Joint coding of multiple P-CSIs and HARQ-ACK / SR is applied also with PUCCH Format 3 and 5.
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