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1 Introduction

In the RAN1#70 meeting, simultaneous transmission of periodic CSI and HARQ-ACK was discussed and the following conclusions were agreed [1]: 

· For a UE configured with PUCCH format 3 for HARQ-ACK transmission, and for a subframe where a UE is configured to transmit HARQ-ACK transmission with periodic CSI, and for a subframe where a PUCCH format 3 resource is indicated (by ARI as in Rel-10) to the UE for HARQ-ACK transmission, the UE shall transmit HARQ-ACK and a single cell periodic CSI according to the following:
· No additional PUCCH format 3 resource in addition to the format 3 resource indicated by the ARI is configured for HARQ-ACK and CSI multiplexing
· HARQ-ACK and periodic CSI are jointly coded up to 22 bits (including SR)
· The serving cell for periodic CSI reporting is selected according to the Rel-10 rule
· If  the selected periodic CSI report together with HARQ-ACK feedback bits (including SR) fits into PUCCH format 3 payload size, then transmit the periodic CSI and HARQ-ACK bits (including SR), otherwise transmit HARQ-ACK (including SR) without periodic CSI
· FFS for HARQ-ACK compression case
· FFS in case CoMP and CA is jointly supported  
· FFS whether or not to solve RI/PTI ambiguity problem
Besides the remaining open issues given above, the contribution also provides our views on the detailed behavior for simultaneousAckNackAndCQI-Format3-r11 and simultaneousAckNackAndCQI parameters. 
2 Discussion on remaining open issues
2.1 HARQ-ACK compression
The number of HARQ-ACK bits transmitted with periodic CSI on PUCCH format 3 should be the same as the case of HARQ-ACK only on PUCCH. 
No additional HARQ-ACK bundling beyond the case of HARQ-ACK only should be done because HARQ-ACK has higher priority than CSI to ensure the DL transmission performance. The additional HARQ-ACK bundling will penalize HARQ-ACK feedback due to CSI feedback. 
If some kind of HARQ-ACK bundling is done for the case of HARQ-ACK only on PUCCH, there is no reason not to apply the bundling operation for the case of simultaneous transmission of periodic CSI and HARQ-ACK, where more information bits than HARQ-ACK only are transmitted. 
Thus, it is proposed that additional HARQ-ACK compression is not supported for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3  
Proposal 1: Additional HARQ-ACK compression is not supported for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3.

· No HARQ-ACK bundling for FDD.
· HARQ-ACK spatial bundling and/or time-domain bundling are used in the same way as that for the case of HARQ-ACK only on PUCCH for TDD.
2.2 Ambiguity caused by misdetection of RI/PTI
As described in [2]
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[3], when the RI/PTI is incorrectly detected by the eNB, the CSI payload for some CSI reporting types will be erroneously assumed by the eNB, which will impact on the decoding of HARQ-ACK and CSI, and thus have negative impact on HARQ-ACK performance. The following schemes can be considered for this ambiguity. 
Option 1: The maximum CSI payload is used when simultaneously transmitted with HARQ-ACK 
As described in [2], if a CSI report with reporting type 1/1a/2/2a/2b/2c in Mode 1-1 and Mode 2-1 is simultaneously transmitted with HARQ-ACK, the maximum CSI payload corresponding to the different RI values is used. Here the maximum CSI payload is the largest payload size of periodic CSI reports, i.e. 11bits. In this case, there is no ambiguity on the CSI payload and thus there is no impact on the decoding of CSI and HARQ-ACK. However, since the maximum CSI payload is always used, it will increase the total number of information bits transmitted on PUCCH format 3, which will degrade the HARQ-ACK performance or result in more power consumption, though the RI/PTI is correctly detected.  
Option 2: Using implementation-based method  

One alternative to solve the problem is improving the RI/PTI performance using implementation-based methods. For example, eNB can allocate more transmit power to the PUCCH or PUSCH with RI/PTI transmission, which can further reduce the probability of misdetection of RI/PTI.   
It is well known that the performance target for RI is high, which means the probability of misdetection of RI is low. Using some implementation-based methods, such as eNB allocating more transmit power to the PUCCH or PUSCH with RI transmission, the probability of misdetection of RI can be further reduced. In addition, option 1 will always degrade the HARQ-ACK performance or result in more power consumption,. Thus, it is slightly preferred to leave this issue to implementation.  
Proposal 2: It is slightly preferred to solve the ambiguity problem caused by misdetection of RI/PTI using implementation-based method.
2.3 Selection of periodic CSI in case CoMP and CA is jointly supported 
In the RAN1#70 meeting, periodic CSI feedback for CoMP was discussed. And according to the corresponding conclusions [1], we have the following observations: 

· It is a working assumption that Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.
· The following dropping rule can be used if the above working assumption is confirmed.
· Reporting type ( CSI process index ( CC index
If CoMP and CA is jointly supported, the above dropping rule can be used to select the periodic CSI multiplexed with HARQ-ACK on PUCCH format 3. Using the dropping rule, the periodic CSI with the highest priority will be selected. If the selected periodic CSI report together with HARQ-ACK feedback bits (including SR) fits into PUCCH format 3 payload size, then transmit the periodic CSI and HARQ-ACK bits (including SR), otherwise transmit HARQ-ACK (including SR) without periodic CSI.  

Proposal 3: If CoMP and CA is jointly supported, reuse the following dropping rule to select the periodic CSI multiplexed with HARQ-ACK on PUCCH format 3:

· Reporting type ( CSI process index ( CC index
3 Detailed behaviour for RRC parameters
Based on the agreements from RAN1#70 meeting, for a UE configured with PUCCH format 3 for HARQ-ACK transmission, and for a subframe where a UE is configured to transmit HARQ-ACK transmission with periodic CSI, the UE shall transmit HARQ-ACK and a single cell periodic CSI on PUCCH format 3 if the PUCCH format 3 resource is indicated by ARI. In our understanding, the agreements also apply for the case when PUCCH format 3 is configured for single-cell HARQ-ACK feedback in TDD. Since the PUCCH format 3 resource is available, it is reasonable that it can be used to support simultaneous transmission of periodic CSI and single-cell HARQ-ACK on PUCCH format 3. 
Observation: Simultaneous transmission of periodic CSI and single-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for single-cell HARQ-ACK feedback.
Thus, the following discussion on detailed behaviour for RRC parameters also considers that PUCCH format 3 can be used for simultaneous transmission of periodic CSI and single-cell HARQ-ACK in TDD. 
3.1 Detailed behavior for RRC parameters
According to the email discussion after RAN1#70 meeting, it was agreed that the parameter simultaneousAckNackAndCQI-Format3-r11 will be introduced for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3. However, the detailed behaviour for simultaneousAckNackAndCQI and simultaneousAckNackAndCQI-Format3-r11 is still open. In this section, we discuss the detailed behaviour. 
The two parameters should be configured independently to get full flexibility. Here we discuss the detailed behaviour based on the four possible configuration combinations.  
Configuration 1: 
simultaneousAckNackAndCQI = TRUE and simultaneousAckNackAndCQI-Format3-r11 = TRUE
For FDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3, the detailed behaviour can be as below:

· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release.

· Otherwise, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3.
For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3, the detailed behaviour can be as below:

· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release.

· It is to be decided how to multiplex periodic CSI and HARQ-ACK if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDSCH transmission with a corresponding PDCCH with DAI = 1 on the primary cell, or if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDCCH indicating downlink SPS release with DAI =1 on the primary cell.

· Otherwise, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3.
The following possible options can be considered for the case to be decided:

Option 1: Using PUCCH format 2/2b
If the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDSCH transmission with a corresponding PDCCH with DAI=1 on the primary cell, the periodic CSI report is multiplexed with HARQ-ACK using PUCCH format 2/2b, where HARQ-ACK spatial bundling is performed if the PDSCH transmission with a corresponding PDCCH with DAI=1 corresponds to a transmission mode supporting up to 2 transport blocks. 

If the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDCCH indicating downlink SPS release with DAI=1 on the primary cell, the periodic CSI report is multiplexed with HARQ-ACK using PUCCH format 2/2b. 

The disadvantage of this option is that the additional HARQ-ACK spatial bundling will also result in performance loss as described in section 2.1.
Option 2: Dropping the periodic CSI
Periodic CSI will be dropped if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDSCH transmission with a corresponding PDCCH with DAI=1 on the primary cell, or if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDCCH indicating downlink SPS release with DAI=1 on the primary cell.
The disadvantage of this option is that periodic CSI will be dropped which will result in system performance loss. In addition, it is not that reasonable simultaneous transmission is supported only except for this case.  
Configuration 2: 

simultaneousAckNackAndCQI = TRUE and simultaneousAckNackAndCQI-Format3-r11 = FALSE
In this case, the Rel-10 behaviour is reused.
Configuration 3: 

simultaneousAckNackAndCQI = FALSE and simultaneousAckNackAndCQI-Format3-r11 = TRUE
For FDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3, the detailed behaviour can be as below:

· Periodic CSI report will be dropped if the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release.

· Otherwise, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3.
For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3, the detailed behaviour can be as below:

· Periodic CSI report will be dropped if the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release.

· Periodic CSI report will be dropped if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDSCH transmission with a corresponding PDCCH with DAI = 1 on the primary cell, or if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDCCH indicating downlink SPS release with DAI =1 on the primary cell.
· Otherwise, the periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3.
Configuration 4: 

simultaneousAckNackAndCQI = FALSE and simultaneousAckNackAndCQI-Format3-r11 = FALSE
In this configuration, periodic CSI report will be dropped if both both HARQ-ACK and CSI are configured to be transmitted in the same subframe.
Proposal 4: For FDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3,
· If the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release,

· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the parameter simultaneousAckNackAndCQI is TRUE;
· Otherwise, the periodic CSI report will be dropped.

· Otherwise, 
· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3 if the parameter simultaneousAckNackAndCQI-Format3-r11is TRUE; 
· Otherwise, the periodic CSI report will be dropped.
Proposal 5: For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3,
· If the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release,

· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the parameter simultaneousAckNackAndCQI is TRUE;

· Otherwise, the periodic CSI report will be dropped.

· If the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDSCH transmission with a corresponding PDCCH with DAI = 1 on the primary cell, or if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDCCH indicating downlink SPS release with DAI =1 on the primary cell,

· The detailed behaviour is TBD;
· Otherwise, 
· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3 if the parameter simultaneousAckNackAndCQI-Format3-r11is TRUE; 

· Otherwise, the periodic CSI report will be dropped.
4 Conclusion

In this contribution, we provide our views on the remaining open issues for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3. Based on the analysis in Sections 2 and 3, we have the following observation and proposals:

Observation: Simultaneous transmission of periodic CSI and single-cell HARQ-ACK on PUCCH format 3 can be configured if PUCCH format 3 has been configured for single-cell HARQ-ACK feedback.

Proposal 1: Additional HARQ-ACK compression is not supported for simultaneous transmission of periodic CSI and HARQ-ACK on PUCCH format 3.

· No HARQ-ACK bundling for FDD.
· HARQ-ACK spatial bundling and/or time-domain bundling are used in the same way as that for the case of HARQ-ACK only on PUCCH for TDD.
Proposal 2: It is slightly preferred to solve the ambiguity problem caused by misdetection of RI/PTI using implementation-based method.
Proposal 3: If CoMP and CA is jointly supported, reuse the following dropping rule to select the periodic CSI multiplexed with HARQ-ACK on PUCCH format 3:

· Reporting type ( CSI process index ( CC index
Proposal 4: For FDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3,
· If the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release,

· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the parameter simultaneousAckNackAndCQI is TRUE;

· Otherwise, the periodic CSI report will be dropped.

· Otherwise, 
· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3 if the parameter simultaneousAckNackAndCQI-Format3-r11is TRUE; 

· Otherwise, the periodic CSI report will be dropped.
Proposal 5: For TDD when both HARQ-ACK and CSI are configured to be transmitted in the same subframe and a UE configured with PUCCH format 3,
· If the HARQ-ACK only corresponds to a PDSCH transmission on the primary cell or a PDCCH indicating downlink SPS release,

· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 2/2a/2b if the parameter simultaneousAckNackAndCQI is TRUE;

· Otherwise, the periodic CSI report will be dropped.

· If the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDSCH transmission with a corresponding PDCCH with DAI = 1 on the primary cell, or if the HARQ-ACK corresponds to a PDSCH transmission without a corresponding PDCCH and a PDCCH indicating downlink SPS release with DAI =1 on the primary cell,

· The detailed behaviour is TBD;
· Otherwise, 
· The periodic CSI report is multiplexed with HARQ-ACK on PUCCH format 3 if the parameter simultaneousAckNackAndCQI-Format3-r11is TRUE; 

· Otherwise, the periodic CSI report will be dropped.
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