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1
Introduction
In Rel-10, periodic channel state information (CSI) reporting for carrier aggregation (CA) is separately configured for each component carrier (CC).  When the CSI reporting instances for two or more CCs collide, prioritization is performed based on the reporting type and only one CC is reported. In addition, when simultaneous PUCCH + PUSCH is not configured and in case of collision between multi-CC ACK/NAK and periodic CSI on PUCCH, even if the parameter simultaneousAckNackAndCQI is set to TRUE, periodic CSI is always dropped. Both features can result in excessive periodic CSI droppings for some deployment scenarios. It was decided that Rel-11 will support transmission of HARQ-ACK and a single cell periodic CSI in PUCCH format 3. In this paper, we discuss the open question of CSI payload ambiguity due to possible RI/PTI decoding ambiguity, HARQ-ACK compression options, and power control. 
2
Discussion
In Rel-10 CA, when simultaneous PUCCH + PUSCH is not configured and in case of collision between multi-CC ACK/NAK and periodic CSI on PUCCH, even if the parameter simultaneousAckNackAndCQI is set to TRUE, periodic CSI is always dropped, regardless of whether the UE is capable of supporting and is configured with PUCCH format 3. This may result in an excessive CSI dropping for some scenarios. This is particularly true when the number of CCs is large. This is also more evident for DL heavy TDD downlink/uplink configurations where an uplink subframe may be associated with multiple DL subframes for ACK/NAK feedback and there is a limited number of uplink subframes within a frame.

To address the above issue, Rel-11 will support transmission of HARQ-ACK and a single cell periodic CSI in PUCCH format 3. At the RAN1 #70 meeting the following were decided:
· For PUCCH format 3, the following agreement was reached: 

· 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.

2.1
RI/PTI Ambiguity

The last sub-bullet of the decision refers to the question of CSI payload ambiguity due to possible RI/PTI decoding ambiguity. In other words, depending on the decoded value RI/PTI, the payload for CQI/PMI would vary, and erroneous RI/PTI decoding at eNB could result in decoding errors for ACK/CSI in PUCCH format 3. 

It should be noted that in Rel-8, similar RI ambiguity issue already exists, i.e. when aperiodic CSI with RI is multiplexed with data on PUSCH, PUSCH is rate matched around CQI/PMI and RI, but the payload size for CQI/PMI is dependent on RI. There were proposals in Rel-8 to address this matter, but the decision was to leave it to eNB implementation to perform hypothesis detection to find out the actual RI and CQI/PMI payload size. The similar issue also happens for aperiodic CSI transmission without data.

Rel-11 approach to the RI/PTI ambiguity could be the same as in Rel-8/9/10 (i.e. leave it to the implementation solution) or standardize a solution. An obvious standardization solution could involve CSI padding to a deterministic number of bits (e.g. 11). This, however, incurs constant overhead, that is not desirable as it would lead to the larger CSI dropping rate. Ultimately, it is a trade-off between the overhead (padding solution) and increased number of hypotheses (implementation solution). Moreover, to alleviate the RI/PTI detection ambiguity, in addition to multiple hypotheses, eNB could also boost RI/PTI reliability. That does have some cost but compared to the payload padding, the penalty is similar or smaller.

Based on the above discussion, we believe that the Rel-11 approach to the RI/PTI ambiguity should be the same as in the previous releases, i.e. left to the implementation solution.
2.2
Fallback Operation
In Rel-10, when a UE is only scheduled on the primary cell, and if the parameter simultaneousAckNackAndCQI is set to TRUE, periodic CSI can be multiplexed with ACK/NAK using PUCCH format 2/2a/2b. It remains an open issue when PUCCH format 3 is configured to multiplex ACK/NAK with P-CSI and when only the primary cell is scheduled, how to transmit ACK/NAK and P-CSI. The following design alternatives are possible:
· Alt 1: On PUCCH format 3, if simultaneousAckNackAndCQI  is not configured; and on PUCCH format 2/2a/2b if simultaneousAckNackAndCQI is configured. 

· Alt 2: On PUCCH format 2/2a/2b, regardless of whether simultaneousAckNackAndCQI  is configured or not, as long as PUCCH format 3 is configured to multiplex P-CSI and ACK/NAK.
· Alt 3: On PUCCH format 3, regardless whether simultaneousAckNackAndCQI is configured or not
· The parameter simultaneousAckNackAndCQI may not be configured if PUCCH format 3 is configured to multiplex P-CSI and ACK/NAK for the UE
Alt 1 is close to Rel-10 behavior. Alt 2 is arguably the same as Rel-10 behavior, with the understanding that the configuration of multiplexing P-CSI and ACK/NAK on PUCCH format 3 implying the need to multiplex the two signals on PUCCH format 2/2a/2b as well. Alt 3 utilizes PUCCH format 3 regardless of the number of scheduled CCs and subframes.  
Among the three design alternatives, there is no major difference in terms of complexity. In terms of performance, Alt 3 is slightly better, due to the fact that PUCCH format 3 supports shortened format and thus makes it possible to support simultaneous transmission of ACK/NAK, P-CSI and SRS, which is not previously possible (either SRS or P-CSI may have to be dropped). As a result, Alt 3 seems preferable. 
2.3
Power Control

Currently, PUCCH format 3 power control is a function of the payload size and whether UL transmit diversity is enabled or not. In particular, if the UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR
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    Otherwise, 
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To differentiate ACK/NAK and P-CSI performance targets, we can adjust the power level by utilizing power control based on the actual information bits carried in PUCCH format 3. Two alternatives are considered here

· Alt 1: adjust h(.) when ACK/NAK/SR is present; e.g.
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where  (e.g., 0< <=1) can be RRC configured for a UE or a per-determined value. It can also be P-CSI type dependent, or the actual payload size of ACK/NAK/SR and P-CSI dependent.

· Alt 2: adjust power only when ACK/NAK/SR is not present (when ACK/NAK/SR is present, no adjustment), e.g.
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Again,  (e.g., 0< <=1) can be layer 3 configured for a UE or per-determined, and they can further be P-CSI type dependent (e.g., no power adjustment for RI transmissions).

Alt 2 is preferred. 
3
Conclusions 

In this contribution, we discussed the issues associated with CSI payload ambiguity due to possible RI/PTI decoding ambiguity and power control. Based on the presented discussion, we propose the following:

· The Rel-11 approach to the RI/PTI ambiguity should be the same as in the previous releases, i.e. left to the implementation solution
· Fallback operation
· When PUCCH format 3 is configured to multiplex P-CSI and ACK/NAK, it should be used regardless of whether simultaneousAckNackAndCQI for PUCCH format 2/2a/2b is configured or not and whether the UE is only scheduled with the primary cell or not.
· Power control

· Differentiate ACK/NAK and P-CSI performance targets by adjusting the power level with power control based on the actual information bits carried in PUCCH format 3.
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