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1. Introduction

At RAN1 #68bis, UL control enhancements for carrier aggregations was discussed and the following was agreed [1]
· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

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

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS

· FFS whether separate coding or joint coding of HARQ-ACK and CSI 

In this contribution we discuss our view on multi-cell periodic CSI multiplexing and its impacts on multi-cell HARQ-ACK and periodic CSI multiplexing.
2. Discussion

There are three candidate proposals being discussed to provide multi-cell periodic CSI feedback, they are based on PUCCH format 2, PUCCH format 3 and a new modified version of a PUSCH transmission. We see that the PUCCH format 2 and PUCCH format 3 schemes are on high-level rather similar in the sense that both are based on a PUCCH transmission compared to PUSCH approach. The difference between a PUCCH format 3 and PUCCH format 2 approaches is in general that PUCCH format 2 support a maximum of 11 bits compared to PUCCH format 3 that can support up to 22 bits of information. There is further a clear link performance gain of PUCCH format 3 over PUCCH format 2 as show in [2] for HARQ-ACK.. It can be observed that already when going beyond 5 bits of payload there is a 3 dB performance difference between PUCCH format 2 an PUCCH format 3. At the highest number of information bits that PUCCH format 2 supports, the difference is in the order of 4.5 dB. 

Observation: PUCCH format 3 has double payload capacity and significantly better link performance then PUCCH format 2

The comparison between PUCCH Format 3 and PUSCH needs some further elaboration as follows: LTE is largely based on the view of dynamic resource allocation. Nevertheless, for control signaling, there is (and has to be) a certain amount of semi-statically allocated resources but the use of such resources is expensive in terms of overhead. Hence, to most efficiently utilize the spectrum, the reserved semi-static resources need to have a large periodicity and efficient resource utilization. 

When the UE is transmitting uplink user data on a scheduled resource, control signaling will also be transmitted on the scheduled resource on PUSCH and the semi-statically “reserved resource” on PUCCH will be left unused. Furthermore, for downlink-heavy services such as file download, especially over multiple DL carriers in parallel, the amount of user data transmitted in the uplink can be considerable, e.g. TCP ACK/NAKs, which will trigger PUSCH transmissions. Hence, it is important to rely as much as possible on dynamically assigned resources and have an low overhead of semi-static resources. 

These aspects point in the direction of minimizing the amount of CSI transmitted on the “reserved resources” and instead use the scheduled resources for more detailed CSI feedback. With such an approach, CSI overhead is mainly occurring when needed, i.e., when there is downlink traffic present, and the amount of semi-statically reserved resources can be small. Thus, most of the CSI reports should preferably be sent when the UE is anyway transmitting in the uplink in response to downlink transmissions as this will minimize the required amount of semi-statically allocated CSI resources. It is therefore very important that the periodic CSI feedback is resource efficient and have low overhead so that as many UEs as possible can be configured with periodic CSI feedback without wasting the system resources. 

Furthermore, the most common carrier aggregation deployment will be 2 DL CC and 1 UL CC. There will be a slow stepwise evolution to more aggregated carrier in both DL and UL over many years. It is in that sense also important to design periodic CSI feedback schemes that are scalable with this evolution so that they are efficient in any scenario they are used. Considering such evolution we see that the PUCCH based schemes are more resource efficient and scalable. When the number of CC increases, additional PUCCH resources can be configured to provide periodic CSI feedback by using different reporting occasions in time.

Using PUCCH, it is possible to multiplex several UEs within a PUCCH PRB so that we can more fully utilize the available spectrum, this compared to a PUSCH based solution which will require using a minimum 144 REs per UE. In the most common case feedback of periodic CSI for two CCs there can maximally be 22 bits of CSI information and using this large PUSCH container leads to unnecessary overhead. 

Observation PUCCH based CSI feedback solution provide a scalable and thus more resource efficient solution for periodic CSI feedback than the PUSCH based solution

As PUCCH format 3 can feedback 22 bits of information and the most common carrier aggregation scenario will be 2 DL CC and 1 UL CC, we see that this would give the most efficient periodic CSI feedback scheme. Given the short remaining time in Rel-11 we see that the simplest solution would be to allow reporting of at maximum periodic CSI feedback from 2 CC on PUCCH. The exact CSI reports that are reported would be based on the Rel-10 prioritization rules between component carriers. 

Proposal

· Multi-cell periodic CSI reports are reported with PUCCH format 3

· Up to two cells of periodic CSI reports can be reported on PUCCH

· The Rel-10 prioritization rules determines which DL cell periodic CSI reports that should be reported on a multi cell periodic CSI report on PUCCH

2.1. Multi-cell CSI and Multi-cell HARQ-ACK case

A further extension is in case HARQ-ACK feedback should be feedback on PUCCH in the same occasion as multi-cell periodic CSI feedback. For FDD the number of HARQ-ACK bits will never exceed 10 bits, hence it is possible to report periodic CSI for a single cell together with HARQ-ACK. Which cells periodic CSI is reported for is given by the Rel-10 prioritization rules. 

For TDD the number of HARQ-ACK bits can exceed 11 bits, in case 2 DL CC are aggregated it is possible through spatial bundling to limit the HARQ-ACK bits to maximally 8 bits, if we exclude UL/DL configuration 5. Hence in case of TDD if the number of HARQ-ACK bits before spatial bundling exceed 10 then spatial bundling should be applied to the HARQ-ACK bits. The spatial bundled HARQ-ACK bits should be reported together with a single cell periodic CSI report as in the FDD solution. In case the HARQ-ACK bits exceed 10 bits after spatial bundling the periodic CSI reports are dropped and only HARQ-ACK bits are reported.

Proposal

· For FDD in case HARQ-ACK is to be reported together with a multi-cell periodic CSI report, the HARQ-ACK is reported together with a single cell periodic CSI reports. The single cell periodic CSI report is given by the Rel-10 prioritization rules
· For TDD in case HARQ-ACK is to be reported together with multi-cell periodic CSI, 

· In case the number of HARQ-ACK bits exceeds 10 before spatial bundling, spatial bundling is applied.
· If the number of (spatial bundled) HARQ-ACK bits is below 11, HARQ-ACK and periodic CSI for a single cell is reported. The single cell periodic CSI report is given by the Rel-10 prioritization rules
· If the number of spatial bundled HARQ-ACK bits is above 10, the periodic CSI report(s) are dropped and only HARQ-ACK is reported. 
2.2. Resource allocation
For resource allocation there are four different cases that need to be considered. The first case is if only HARQ-ACK is reported and if such a HARQ-ACK report collides with a periodic CSI reporting occasion (and the CSI has been dropped according to Section 2.1). The natural solution would be to reuse the Rel-10 solution when it comes to which resource to use to report the HARQ-ACK feedback. 

The second case is when periodic CSI is reported either for a single CC or for multiple CC(s). The UE would for such an occasion be preconfigured with a PUCCH format 3 resource for the periodic CSI report, either for a single cell or multiple cell(s). 

The third case is when a Pcell only HARQ-ACK feedback is to be reported together with a periodic CSI. In this case there is no corresponding ARI resource for PUCCH format 3. In such scenario HARQ-ACK should be reported together with periodic CSI on the periodic CSI resource that the UE is preconfigured with.

The fourth case is if an HARQ-ACK for at least one Scell is to be reported together with a periodic CSI report. In such occasion, the ARI points out the PUCCH format 3 resource to be used. This will allow the eNB to detect if the DL assignment for the Scell has been received by the UE as the used resource for its HARQ-ACK feedback is conditioned on reception of a Scell assignment. 

Proposal:

· In case only HARQ-ACK is reported, the HARQ-ACK resource as defined in Rel-10 is used

· In case only periodic CSI is reported, the UE uses a semi-statically preconfigured PUCCH format 3 resource

· In case primary cell HARQ-ACK is reported together with periodic CSI the UE uses the preconfigured semi-static PUCCH format 3 resource

· In case at least an Scell HARQ-ACK is reported together with periodic CSI report, the UE uses PUCCH format 3 resource given by the ARI
3. Conclusion

In this contribution we discuss multi-cell periodic CSI feedback and multi-cell HARQ-ACK together with periodic CSI feedback, based on the discussion we observe that 

PUCCH format 3 has double payload capacity and significantly better link performance then PUCCH format 2

PUCCH based CSI feedback solution provide a scalable and thus more resource efficient solution for periodic CSI feedback then the PUSCH based solution

Based on the observation and discussion we propose that
· Multi-cell periodic CSI reports are reported with PUCCH format 3

· Up to two cells of periodic CSI reports can be reported on PUCCH

· The Rel-10 prioritization rules determines which DL cell periodic CSI reports that should be reported on a multi cell periodic CSI report on PUCCH

· For FDD in case HARQ-ACK is to be reported together with a multi-cell periodic CSI report, the HARQ-ACK is reported together with a single cell periodic CSI reports. The single cell periodic CSI report is given by the Rel-10 prioritization rules
· For TDD in case HARQ-ACK is to be reported together with multi-cell periodic CSI, 

· In case the number of HARQ-ACK bits exceeds 10 before spatial bundling, spatial bundling is applied.
· If the number of (spatial bundled) HARQ-ACK bits is below 11, HARQ-ACK and periodic CSI for a single cell is reported. The single cell periodic CSI report is given by the Rel-10 prioritization rules
· If the number of spatial bundled HARQ-ACK bits is above 10, the periodic CSI report(s) are dropped and only HARQ-ACK is reported. 
· In case only HARQ-ACK is reported, the HARQ-ACK resource as defined in Rel-10 is used

· In case only periodic CSI is reported, the UE uses a semi-statically preconfigured PUCCH format 3 resource

· In case primary cell HARQ-ACK is reported together with periodic CSI the UE uses the preconfigured semi-static PUCCH format 3 resource

· In case at least an Scell HARQ-ACK is reported together with periodic CSI report, the UE uses PUCCH format 3 resource given by the ARI
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