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1. Introduction

In RAN1#70, it was agreed that multi-cell HARQ-ACK and periodic CSI multiplexing is supported in Rel-11 as follows:
	· 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


In this contribution, we discuss remaining details of multi-cell HARQ-ACK and periodic CSI multiplexing for PUCCH format 3.
2. Power Control for PUCCH format 3
In Rel-10, PUCCH power control parameter for PUCCH format 3, 
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, does not reflect the number of CQI bits (
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 into the parameter for PUCCH format 3 in Rel-11, due to the joint coding of multi-cell HARQ-ACK and single-cell CSI multiplexing.
	· 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: image5.wmf]2

1

)

,

,

(

-

+

+

=

CQI

SR

HARQ

SR

HARQ

CQI

n

n

n

n

n

n

h




Another issue for power control is for shortened PUCCH format 3. The PUCCH performance loss is about 0.5 dB due to the SRS puncturing of the last symbol [1]. It is necessary to compensate the performance loss with power offset in case of multi-cell HARQ-ACK and CSI, because the relatively large payload and high code rate happens frequently. Note that such an compensation already exists for the PUSCH transmission power by 
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Proposal #1: 
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 for PUCCH format 3
Proposal #2: The PUCCH transmission power accounts for the SRS puncturing of the last symbol when multi-cell HARQ-ACK and CSI multiplexing is configured

3. Detailed behaviour for simultaneousAckNackAndCQI-Format3-r11 and simultaneousAckNackAndCQI parameters
In Rel-10, when simultaneousAckNackAndCQI is set TRUE and there is no PUSCH transmission, HARQ-ACK for a single PDSCH on Pcell (i.e. HARQ-ACK w/o ARI, or single-cell A/N) and periodic CSI are transmitted on PUCCH format 2a/2b. 
When we consider the original motivation of supporting additional feature of multi-cell HARQ-ACK and CSI multiplexing, it seems natural that single-cell A/N and CSI multiplexing is also supported coincidently when multi-cell HARQ-ACK and CSI multiplexing is triggered. Anyhow, for the flexibility of PUCCH resource utilization, it is agreeable to independently configure simultaneousAckNackAndCQI and simultaneousAckNackAndCQI-Format3-r11, because eNB can choose the combination that both two parameters are set TRUE if full HARQ-ACK and CSI multiplexing is required.

In the flexibility sense, we can consider allocating PUCCH format 3 instead of PUCCH format 2 for CSI only transmission and single-cell HARQ-ACK and CSI multiplexing. PUCCH format 3 shows the better link budget performance than PUCCH format 2 with the trade-off of multiplexing capability. Also, it can support A/N and CSI multiplexing in case that both SPS PDSCH and PDSCH of DAI=1 are transmitted on PCell in TDD.
Table 1 shows our proposal for the detailed behaviour for simultaneousAckNackAndCQI-Format3-r11 and simultaneousAckNackAndCQI parameters in the subframes where HARQ-ACK and CSI coincide.

Table 1: Detailed behaviour for simultaneousAckNackAndCQI-Format3-r11 and simultaneousAckNackAndCQI parameters in the subframes where HARQ-ACK and CSI coincide
	
	simultaneousAckNackAndCQI =FALSE
	simultaneousAckNackAndCQI =TRUE

	simultaneousAckNackAndCQI-Format3-r11=FALSE
	Same as Rel-10 behaviour
	Same as Rel-10 behaviour

	simultaneousAckNackAndCQI-Format3-r11=TRUE
	In case of HARQ-ACK w/o ARI +CSI:

· Same as Rel-10 behaviour

In case of HARQ-ACK w/ ARI +CSI:

· HARQ-ACK and CSI multiplexing on PUCCH format 3 indicated by ARI
	In case of HARQ-ACK w/o ARI +CSI:

· Same as Rel-10 behaviour*

In case of HARQ-ACK w/ ARI + CSI:

· HARQ-ACK and CSI multiplexing on PUCCH format 3 indicated by ARI

	* In case PUCCH format 3 instead of PUCCH format 2 is configured for CSI only transmission, HARQ-ACK w/o ARI and CSI are multiplexed on the PUCCH format 3 resource configured by RRC


Proposal #3: PUCCH format 3 can be configured for CSI only transmission

4. UE capability of supporting PUCCH format 3 in Rel-11

In Rel-10, it is specified in [2] that 

	A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when configured with more than one serving cell with frame structure type 1.
A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layers to use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-ACK when configured with more than one serving cell with frame structure type 2.


Therefore, according to the agreements, a PUCCH-format3-capable UE that supports aggregating more than 2 FDD cells or 1 TDD cell will support simultaneous transmission of multi-cell HARQ-ACK and CSI on PUCCH format 3 in Rel-11. 

Also, it is necessary to discuss how to support multi-cell HARQ-ACK and CSI on PUCCH format 3 for a UE that supports aggregating up to 2 FDD cells, because it is not desirable to leave the hole of not supporting multi-cell HARQ-ACK and CSI. We can consider adopting multi-cell HARQ-ACK and CSI on PUCCH format 3 by additional support of PUCCH format 3 for a UE that supports aggregating 2 FDD cells in Rel-11.
Proposal #4: Additional support of PUCCH format 3 for a UE that supports aggregating 2 FDD cells in Rel-11 for multi-cell HARQ-ACK and CSI multiplexing should be considered
5. RI/PTI ambiguity problem
Another issue is the CSI bit field size ambiguity in case of RI or PTI error in the previous CSI report. When it comes to joint coding of HARQ-ACK and CSI in Rel-11, if there is misalignment of CSI bit field size between eNB and UE, coding scheme assumed can be different between them in the aspect of whether single RM or dual RM is used. For example, a UE transmits only multi-cell HARQ-ACK encoded by single RM on a PUCCH format 3 in a subframe, but eNB decodes the PUCCH format 3 with dual RM assuming it contains multi-cell HARQ-ACK and CSI. This will cause not only CSI reporting error but also NACK to ACK error, which should be avoided. Therefore, CSI bit field should be reserved in the periodic CSI subframe based on the possible maximum CSI bits in preparation for the erroneous detection of previous RI or PTI report.

Proposal #5: CSI bit field should be reserved in the periodic CSI subframe based on possible maximum CSI bits
6. HARQ-ACK compression
In TDD, the number of HARQ-ACK bits can be more than 11 bits, where some CSI contents cannot be multiplexed with the multi-cell HARQ-ACK. In order to reduce the multiplexing restriction, HARQ-ACK compression can be considered. One example is HARQ-ACK spatial bundling configuration in the CSI subfarme. Multi-cell HARQ-ACK and CSI multiplexing will be configured to a UE in affordable geometry condition. Therefore, spatial bundling is not applied to the periodic CSI-less subframe. Alternatively, we can consider HARQ-ACK bit field based on activated cell in the periodic CSI subframe. HARQ-ACK bit field reservation for the deactivated cell is not required assuming that ambiguity of activated/deactivated cell between eNB and UE does not happen frequently. This does not effect on the DL throughput.

Proposal #6: HARQ-ACK compression is adopted such as configurable spatial bundling in the periodic CSI subframe
7. Conclusion
This contribution discussed the remaining details of simultaneous multi-cell HARQ-ACK and CSI transmission on format 3. As a conclusion, we propose as follows:
Proposal #1: 
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Proposal #2: The PUCCH transmission power accounts for the SRS puncturing of the last symbol when multi-cell HARQ-ACK and CSI multiplexing is configured

Proposal #3: PUCCH format 3 can be configured for CSI only transmission

Proposal #4: Additional support of PUCCH format 3 for a UE that supports aggregating 2 FDD cells in Rel-11 for multi-cell HARQ-ACK and CSI multiplexing should be considered
Proposal #5: CSI bit field should be reserved in the periodic CSI subframe based on possible maximum CSI bits
Proposal #6: HARQ-ACK compression is adopted such as configurable spatial bundling in the periodic CSI subframe
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