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1 Introduction

At RAN1#68bis, the following agreement was made on multiplexing of HARQ-ACK and periodic CSI for carrier aggregation.

· 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 the case ARI indicating PUCCH Format 3 resource is not available..
This is a resubmission of R1-122172.
2 Periodic CSI +HARQ-ACK in a subframe 

Regarding the agreement, simultaneous transmission of HARQ-ACK, SR and periodic CSI on PUCCH Format 3 is supported. This means several behaviors to be determined, which are;

· The behavior in case DL assignment for SCell PDSCH is not detected

    - The behavior in case of simultaneous HARQ-ACK (PCell only) and periodic CSI in a subframe

    - The behavior in case of simultaneous HARQ-ACK (PCell only), SR and periodic CSI in a subframe
· The behavior in case of simultaneous periodic CSI and SR in a subframe
In these cases, ARI indicating PUCCH Format 3 resource is not available.

For the case of simultaneous HARQ-ACK (PCell only) and periodic CSI in a subframe, we see three alternatives;
      Alt1: Transmit HARQ-ACK on PUCCH Format 1a/1b and drop periodic CSI
          Pros:  Simple
          Cons: Loss in user throughput
      Alt2: Transmit HARQ-ACK and periodic CSI on PUCCH Format 2a/2b
          Pros:  Guarantee CSI transmission
          Cons: Both PUCCH Format 2a/2b and 3 resources are reserved when SCell PDSCH is scheduled to a UE
      Alt3: Transmit HARQ-ACK and periodic CSI on PUCCH Format 3
          Pros:  Guarantee CSI transmission
          Cons: PUCCH Format 3 resource indication is needed
In Alt1, implicit PUCCH Format 1a/1b resource is used and periodic CSI is dropped. According to [1], there is loss in user throughput at the median 8% for non-full buffer case with 1CC according to [1].

In Alt2, CSI transmission is guaranteed but both PUCCH Format 2a/2b resource and PUCCH Format 3 resource should be reserved when SCell PDSCH is scheduled to a UE. When the UE detects DL assignment for SCell PDSCH, PUCCH Format 3 resource is used. But when it fails to detect the DL assignment, PUCCH Format 2a/2b resource is used. Hence PUCCH overhead increases in Alt2.

In Alt3, CSI transmission is guaranteed but PUCCH Format 3 resource indication scheme is further needed since there is no ARI available which indicates PUCCH Format 3 resource.

Considering user throughput gain and PUCCH overhead reduction, we prefer Alt3. The PUCCH Format 3 resource indication scheme in Alt3 should be studied further.
Proposal1: For simultaneous HARQ-ACK (PCell only) and periodic CSI in a subframe, transmit HARQ-ACK (PCell only) and periodic CSI on PUCCH Format 3.
Proposal2: PUCCH Format 3 resource indication scheme is studied further.
The case of simultaneous HARQ-ACK (PCell only), SR and periodic CSI in a subframe should be discussed after the discussion for simultaneous HARQ-ACK (PCell only) and periodic CSI is concluded. To drop CSI would not cause loss in user throughput because collision of SR and periodic CSI can be avoided by the configuration. Even it is not avoided by the configuration, the loss in user throughput would not be large as the frequency of the collision is not frequent. But if Alt3 is adopted, to transmit HARQ-ACK (PCell only), SR and periodic CSI on PUCCH Format 3 would be natural.

Proposal3: For simultaneous HARQ-ACK (PCell only), SR and periodic CSI in a subframe, transmit HARQ-ACK (PCell only), SR and periodic CSI on PUCCH Format 3.

The case of simultaneous SR and periodic CSI in a subframe should also be discussed after the discussion for simultaneous HARQ-ACK (PCell only) and periodic CSI is concluded. To drop CSI (considered as mis-configuration) which is same as Rel.10 scheme would not cause loss in user throughput because collision of SR and periodic CSI can be avoided by the configuration. Even it is not avoided by the configuration, the loss in user throughput would not be large as the frequency of the collision is not frequent.
Proposal4: For simultaneous SR and periodic CSI in a subframe, transmit SR on PUCCH Format 1 and drop periodic CSI.
3 Conclusion 
In this contribution, we further discussed the case without ARI which indicates PUCCH Format 3 resource on HARQ-ACK and periodic CSI multiplexing and provide our views.
In this contribution, we further discussed multi-cell HARQ-ACK and Periodic CSI multiplexing and provided our views. Our proposals are as follows;
Proposal1: For simultaneous HARQ-ACK (PCell only) and periodic CSI in a subframe, transmit HARQ-ACK (PCell only) and periodic CSI on PUCCH Format 3.

Proposal2: PUCCH Format 3 resource indication scheme is studied further.
Proposal3: For simultaneous HARQ-ACK (PCell only), SR and periodic CSI in a subframe, transmit HARQ-ACK (PCell only), SR and periodic CSI on PUCCH Format 3.

Proposal4: For simultaneous SR and periodic CSI in a subframe, transmit SR on PUCCH Format 1 and drop periodic CSI.
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