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1. Introduction

In RAN1#70, the followings were agreed;
· 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
It also needs to clarify the above agreements whether CSI+A/N using PUCCH format 3 can be supported in single configured cell. In addition, in email discussion after RAN1#70 [1], the behavior for simultaneousAckNackAndCQI-Format3-r11 and simultaneousAckNackAndCQI parameters was also discussed.

This contribution provides our views on the remaining details on multi-cell HARQ-ACK periodic CSI multiplexing for PUCCH format 3.
2. Discussions
1.1. Behavior for simultaneousAckNackAndCQI-Format3-r11 and simultaneousAckNackAndCQI parameters
The followings are the cases where PUCCH format 3 resource is not available in HARQ-ACK feedback due to absence of ARI.

· For FDD,

· When the UE receives a PDSCH (with and without PDCCH) or a PDCCH for SPS release only on primary cell, PUCCH format 1a/1b is used.

· For TDD

· When the UE receives a PDCCH with DAI=1 (with PDSCH or without PDSCH) or a PDSCH without the corresponding PDCCH only on primary cell, PUCCH format 1a/1b is used.
· When the UE receives a PDCCH with DAI=1 and a SPS-PDSCH only on primary cell, Rel-10 PUCCH format 1b with channel selection is used.

One agreement is that “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”. Therefore, when PUCCH format 3 resource is not available to the UE, HARQ-ACK and CSI multiplexing using PUCCH format 3 cannot be supported in consequence.
Observation: Multi-cell HARQ-ACK and CSI multiplexing using PUCCH format 3 cannot be supported when PUCCH format 3 resource is not available.
The parameter of simultaneousAckNackAndCQI needs to be used for PUCCH format 2/2a/2b in Rel-10 and that of simultaneousAckNackAndCQI-Format3-r11 is used for PUCCH format 3. As discussed in [1], two different RRC parameters of simultaneousAckNackAndCQI and simultaneousAckNackAndCQI-Format3-r11 are needed due to backward compatibility. Also, two separate parameters can provide the flexible eNB receiver implementation in terms of normal and advanced receivers for both PUCCH format 2/2a/2b and PUCCH format 3. Moreover, given that two different RRC parameters are needed anyway which cannot save the RRC signaling bits, the benefit of tying two parameters is not clear either.
For example on eNB receiver implementation, as shown in [2], in order to support high speed UEs for PUCCH format 2a/2b, the advanced receiver is needed. If two parameters are tied together (or either parameter overrides another) and eNB wants to make the parameter TRUE for PUCCH format 3, the advanced receiver needs to be implemented also for PUCCH format 2/2a/2b to support high speed UEs (otherwise, it doesn’t work). In other words, for high speed UEs, CSI+A/N cannot be supported with tying two RRC parameters if eNB wants to use only conventional receiver for both PUCCH format 2a/2b and 3. However, if two parameters are used independently, CSI+A/N can still be supported for PUCCH format 3 with conventional receiver in this example.
Proposal 1: 
The RRC parameters of simultaneousAckNackAndCQI and simultaneousAckNackAndCQI-Format3-r11 are independently defined and used for PUCCH format 2/2a/2b and PUCCH format 3, respectively.

There are four combinations depending on the values of simultaneousAckNackAndCQI-Format3-r11 and simultaneousAckNackAndCQI; (TRUE, TRUE), (TRUE, FALSE), (FALSE, TRUE), (FALSE, FALSE). In Rel-10, the parameter of simultaneousAckNackAndCQI for PUCCH format 2/2a/2b is used for CSI+A/N although CSI+A/N using PUCCH format 3 is not supported. In other words, the UE behavior for (FALSE, FALSE) and (FALSE, TRUE) above has been already defined since Rel-10 when PUCCH format 3 resource is not available. It can be easily extended for Rel-11 on (TRUE, TRUE) and (TRUE, FALSE) by applying the parameters independently.
Proposal 2:

· For a UE configured with PUCCH format 3 without PUSCH transmission,
· If PUCCH resource indicated by ARI is available,

· If the parameter simultaneousAckNackAndCQI-Format3-r11 is set to TRUE,
· HARQ-ACK and CSI are multiplexed on PUCCH format 3.
· Else,

· CSI is dropped.

· Else,

· If the parameter simultaneousAckNackAndCQI is set to TRUE,

· HARQ-ACK and CSI are multiplexed on PUCCH format 2/2a/2b.

· Else,

· CSI is dropped.

1.2. HARQ-ACK and CSI Multiplexing for Single Configured Cell
For a TDD UE supporting PUCCH format 3, PUCCH format 3 can be also used in single configured cell. In [3], it was proposed that CSI+A/N using PUCCH format 3 is also supported if the UE has the capability of PUCCH format 3. This seems natural and can keep the design commonality given that PUCCH format 3 is already supported in single configured cell for TDD.
Proposal 3:

For a UE supporting PUCCH format 3 in TDD, HARQ-ACK and CSI multiplexing using PUCCH format 3 is also supported in single configured cell.

1.3. HARQ-ACK Compression
Since the maximum HARQ-ACK bits for FDD is 11 bits (including SR bit), there is no use case for HARQ-ACK compression for FDD in CSI+A/N using PUCCH format 3. There is no case exceeding 22 bits in FDD for HARQ-ACK and CSI multiplexing. On the other hands, for TDD, there are some cases in which the number of HARQ-ACK and CSI bits is more than 22 which cannot be conveyed by PUCCH format 3. Given that, there were some proposals to apply spatial/time domain bundling not to drop CSI as much as possible. However, given that the multiple CSI reports are not supported in Rel-11, the benefit of optimization by spatial/time domain bundling even with two CC aggregations is not clear since aperiodic CSI reporting is needed anyway to complement periodic CSI dropping. Therefore, considering the time line in Rel-11 as well as the specification complexity, it is preferred not to introduce further bundling scheme for CSI+A/N using PUCCH format 3 unless the clear benefit is identified.
Proposal 4:

Further HARQ-ACK compression (i.e. bundling) is not introduced for HARQ-ACK and CSI multiplexing using PUCCH format 3 in Rel-11.

1.4. Case for CoMP+CA
In RAN1#70, the following was agreed as working assumption in CoMP session;
· Rel-11 supports the feedback configuration and reporting for simultaneous CA and CoMP.
· Strive for reduction of UE complexity in CSI report design, e.g. limiting number of CSI processes, etc
· Indexing scheme for CSI processes:
· Indexing is defined within a given CC
· Dropping rule is supported based on reporting type and CSI process/CC index

· Reporting type ( CSI process index ( CC index
Since the dropping rule is to transmit only one CSI report, the same dropping rule can be applied for HARQ-ACK and CSI multiplexing for PUCCH format 3.
Proposal 5:

In case of CoMP+CA, if agreed, the following dropping rule is applied to decide a periodic CSI report for CSI+A/N using PUCCH format 3.

· Reporting type ( CSI process index ( CC index
1.5. Power Control
As discussed in [4], since the required SNR for HARQ-ACK (0.1% BER) is a dominant factor with joint coding of A/N and CSI, the overall required SNR is determined by that for HARQ-ACK rather than periodic CSI (1% BLER) for CSI+A/N using PUCCH format 3. Therefore, PUCCH power control can be performed by simply adding a parameter 
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The parameter 
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· For PUCCH format 3 

· If the UE is configured by higher layers to transmit PUCCH on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR 
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· Otherwise
 
[image: image6.wmf]2

1

)

,

,

(

-

+

+

=

CQI

SR

HARQ

SR

HARQ

CQI

n

n

n

n

n

n

h


1.6. RI/PTI Ambiguity
The payload size ambiguity issue due to wrong RI/PTI assumption was raised in [5]

 REF _Ref336212375 \n \h 
[6]

 REF _Ref336212376 \n \h 
[7]. In [7], the HARQ-ACK error due to wrong RI assumption with 100% probability was shown. However, it should be shown by conditional probability since the error probability of RI/PTI detection is much less than 1% since the overall required SNR is determined by HARQ-ACK performance rather than CSI (e.g. see section 2.5). Therefore, the proper comparison should be performed in terms of conditional probability for the error impact on HARQ-ACK assuming less than 1% BLER for RI/PTI. Given the RI/PTI error is less than 1%, the negative impact due to wrong RI/PTI assumption is not clear. On the other hands, reserving the maximum number of bits would reduce the payload size and possibly increase the CSI dropping probability when total number of bits is exceeding 22.

Proposal 7:

There is no need for the solution of RI/PTI ambiguity.
3. Conclusions
In this contribution, we provide our views on the remaining details on HARQ-ACK and CSI multiplexing using PUCCH format 3. The following proposals are summarized;
Proposal 1: 
The RRC parameters of simultaneousAckNackAndCQI and simultaneousAckNackAndCQI-Format3-r11 are independently defined and used for PUCCH format 2/2a/2b and PUCCH format 3, respectively.
Proposal 2:

· For a UE configured with PUCCH format 3 without PUSCH transmission,

· If PUCCH resource indicated by ARI is available,

· If the parameter simultaneousAckNackAndCQI-Format3-r11 is set to TRUE,

· HARQ-ACK and CSI are multiplexed on PUCCH format 3.

· Else,

· CSI is dropped.

· Else,

· If the parameter simultaneousAckNackAndCQI is set to TRUE,

· HARQ-ACK and CSI are multiplexed on PUCCH format 2/2a/2b.

· Else,
· CSI is dropped.

Proposal 3:

For a UE supporting PUCCH format 3 in TDD, HARQ-ACK and CSI multiplexing using PUCCH format 3 is also supported in single configured cell.
Proposal 4:

Further HARQ-ACK compression (i.e. bundling) is not introduced for HARQ-ACK and CSI multiplexing using PUCCH format 3 in Rel-11.
Proposal 5:

In case of CoMP+CA, if agreed, the following dropping rule is applied to decide a periodic CSI report for CSI+A/N using PUCCH format 3.
· Reporting type ( CSI process index ( CC index
Proposal 6:

The parameter 
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· If the UE is configured by higher layers to transmit PUCCH on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR 
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Proposal 7:
There is no need for the solution of RI/PTI ambiguity.
References

[1] [70-21], “R1-124003 RRC parameters for CA enhancement”, Email discussion 
[2] R1-080190, “Embedding ACK/NAK in CQI Reference Signals and Receiver Structures”, Texas Instruments
[3] R1-123094, “Simultaneous transmission of periodic CSI and HARQ-ACK for PUCCH format 3”, Huawei, HiSilicon
[4] R1-123160, “Multi-cell HARQ-ACK and periodic CSI multiplexing for PUCCH format 3”, Intel Corporation
[5] R1-123203, “Periodic CSI and HARQ-ACK multiplexing with PUCCH format 3 configured in Rel-11”, CATT
[6] R1-123502, “Multi-cell HARQ-ACK and CSI on PUCCH format 3”, LG Electronics
[7] R1-123604, “Comparison of multi-cell HARQ-ACK and Periodic CSI multiplexing proposals”, Ericsson, ST-Ericsson[image: image11.jpg]



_1409953865.unknown

_1410006747.unknown

_1410006763.unknown

_1409953964.unknown

_1409953298.unknown

_1409953325.unknown

