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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.  In this paper, we discuss how to deal with these issues.
2
Discussion
In Rel-10, a UE can be configured for CA with 2 or more CCs. Some Rel-10 UEs may be capable of aggregating only up to 2 CCs and would not support PUCCH format 3. For UEs capable of aggregating only 2 or more CCs, PUCCH format 3 can be configured. 

In Rel-8, if both periodic CSI and ACK/NAK are due for transmission, and there is no PUSCH transmission, periodic CSI and ACK/NAK are transmitted on PUCCH using the format 2a/2b if simultaneousAckNackAndCQI is set to TRUE by higher layers; otherwise periodic CSI is dropped. 
However, 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.

For periodic CSI reporting, the set of higher-layer configuration parameters as defined in Rel-8 are independently configured for each DL CC. This implies that depending on the report configurations, CSI corresponding to different CCs may or may not collide in time. When the CSI reporting instances of different CCs collide in time, prioritization is performed such that only one CC is reported while CSI reports for all other CCs are dropped. The prioritization is based on the CSI reporting type as follows:
· 1st (=top) priority: Types 3, 5, 6, 2a

· 2nd priority: Types 2, 2b, 2c, 4

· 3rd priority: Types 1, 1a.
The above two features (ACK vs. CSI, and CSI collision among multi-CC) may result in excessive CSI droppings 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.

Frequent dropping of CSI when colliding with multi-CC ACK/NAK will cause significant impact on DL scheduling and consequently DL throughput. A Rel-10 UE configured with multi-CC ACK/NAK operation typically expects heavy DL traffic, requiring frequent multi-CC ACK/NAK transmissions on the UL. As a result, CSI feedback would often collide with the multi-CC ACK/NAK feedback and would often be dropped due to the collisions. The unavailability of CSI information would significantly impact DL scheduling. 
Similarly, dropping of CSIs for the de-prioritized CCs based on the CSI reporting type can also cause negative impact on DL scheduling. For some CCs, outdated CSI information may have to be used, making it difficult to efficiently exploit channel state information for DL scheduling, especially for the CCs with the best channel conditions among all the CCs. 

It is noted that such issues can be alleviated via scheduled PUSCH transmissions. In this case, either periodic CSI or aperiodic CSI can be utilized. Obviously, it comes with both DL overhead (PDCCH to schedule PUSCH transmissions) and UL overhead (PUSCH).Although any attempt to handle the above two issues would necessitate more CSI information and hence more UL overhead, the overhead due to PUSCH can be unnecessarily high. First, PUSCH and PUCCH may operate at different interference over thermal (IoT) levels. It is typical that PUSCH operates at a much higher IoT due to H-ARQ protection. In addition, PUSCH has a coarse granularity. Managing ACK/NAK and CSI performance multiplexed on PUSCH can also be challenging since the multiplexing relies on RRC configuration and has to target a wide range of payload sizes.

Therefore, it is desirable to utilize PUCCH to deal with the above two issues.  A new PUCCH format should be avoided. Since periodic CSI report for any CC has a maximum payload size of 11 bits and PUCCH format 3 can support up to 21 bits, the existing PUCCH format 3 seems to be a natural candidate for this purpose. 
In the following, we discuss how to utilize PUCCH format 3 to address the above two issues.

Multiplexing periodic CSI with ACK/NAK on PUCCH format 3
For FDD and some TDD configurations, up to 11-bit CSI can be readily multiplexed with ACK/NACK feedback within the capacity of PUCCH format 3, without notable degradation of ACK/NAK performance. Thus, it is preferable to allow multi-CC ACK/NAK and CSI to be multiplexed onto PUCCH format 3 according to the following:
· Denote 

· The bitwidth of the multi-CC ACK/NAK codebook size as n 
· The bitwidth of the CSI feedback as m
· Note that m depends on the type of the CSI feedback (RI, wideband, subband, etc.)

· The bitwidth of SR as k
· k  = 1 if the subframe is configured as a SR subframe for the UE; k = 0 otherwise.

· If n+m+k ≤ 21

· ACK/NAK, SR (if present) and CSI are jointly coded, with CSI last appended
· Otherwise, 
· ACK/NAK and SR (if present) are jointly coded, with CSI dropped.
Handling Colliding Periodic CSI with PUCCH format 3
For UEs capable of aggregating more than 2 CCs, multi-CC periodic CSI on PUCCH format 3 can be supported. If more than one CSI report, each corresponding to a different CC, is due at the same subframe, the reports are multiplexed according to some specified rules up to the maximum payload size of the utilized format. For simplicity, multiplexing of the same type of feedbacks (i.e. RIs only and CQI/PMIs only) in a subframe could be assumed. Multiplexing of different feedback types in a subframe can also be done providing that the most stringent error requirement among the payload types is imposed. It can provide more flexibility and resource utilization than when only one type of feedback can be multiplexed in a subframe.

CCs could be ordered according to the RRC configuration and/or the reporting type. Possible prioritization for the purpose of fitting into the max payload size could be done such that the top priority CC and CCs with the same reporting type as the top priority CC are prioritized according to the RRC configuration. For illustration, if the provided RRC configuration ordering is 1 – CC3: RI3, 2 - CC2: CQI2, 3 – CC1: CQI1, 4 – CC5: RI5, 5 – CC4: RI4, the order of the considered CSIs for reporting is RI3, RI5, RI4. Note that the ordering and CSI type are deterministic, so there is no ambiguity between eNB and UE. It is also possible to multiplex different feedback types for CC prioritization according to the RRC configuration, regardless of the feedback type on each CC.

The CSI feedbacks are multiplexed (fitted) according to the prioritization list until all CC feedbacks that are due for reporting in a particular subframe are fitted, or the maximum payload size of PUCCH format 3 is reached. The leftover feedbacks are dropped. The maximum payload size depends on the feedback type (i.e. smaller for RI than CQI/PMI as the error requirements for RI are more stringent than for CQI/PMI). If different type feedbacks of the same CC collide, i.e. RI and wideband CQI/PMI or subband CQI, the Rel-8/9 rules are utilized such that the wideband CQI/PMI or subband CQI is dropped. The wideband CQI/PMI or subband CQI may not be dropped only if they can be fitted into the maximum payload size after the CSI reports of the CCs due for reporting are accounted. This can be done only assuming that different type reports can be multiplexed in a subframe.

The CSI feedback of the currently strongest configured DL carrier may also be included in every reporting instance. The benefit of the approach where the CSI of the currently best component carrier is provided in addition to the regular periodic reports is that the feedback overhead can implicitly be decreased because the frequency of CSI reporting may be decreased (due to the additional reporting of the best carrier CSI every reporting period). This is especially important in the cases where large number of carriers is configured as the expected CSI overhead (without compromising the delay in reporting) is linearly increased with the number of carriers. Whether or not the CSI report and index of the CC with the best channel quality may be added to the CSI reporting instances can be determined by the RRC configuration and if it can be fitted within the maximum payload size after payload for regular reporting due is provisioned. The best channel quality CC CSI report would utilize the feedback type defined for that CC.

With these proposals, excessive periodic CSI droppings due to colliding with ACK/NAK and/or periodic CSI of other CCs can be avoided, which is beneficial in improving DL scheduling and consequently DL throughput. The impact on standardization and implementation is expected to be small, due to the fact that the same Rel-10 PUCCH format 3 is used to convey the additional periodic CSI information. 
3
Conclusions 

In this contribution, we discussed the issues associated with periodic CSI reporting in CA in Rel-10. To address these issues, we propose to multiplex ACK/NAK with periodic CSI onto PUCCH format 3, and support multi-CC periodic CSI report on PUCCH format 3 in Rel-11. In particular, we propose:

· Multiplex ACK/NAK with periodic CSI onto PUCCH format 3

· Denote:  

· The bitwidth of the multi-CC ACK/NAK codebook size as n 
· The bitwidth of the CSI feedback as m
· Note that m depends on the type of the CSI feedback (RI, wideband, subband, etc.)

· The bitwidth of SR as k
· k  = 1 if the subframe is configured as a SR subframe for the UE; k = 0 otherwise.

· If n+m+k ≤ 21

· ACK/NAK, SR (if present) and CSI are jointly coded, with CSI last appended
· Otherwise, 

· ACK/NAK and SR (if present) are jointly coded, with CSI dropped.
· Multi-CC periodic CSI report on PUCCH format 3:

· If CSI of more than one CC is due at the same subframe, the reports are multiplexed according to specified rules up to a maximum payload size

· Multiplexing of the same type feedbacks across CCs is desirable 

· The CSI reports are multiplexed (fitted) according to the prioritization list until all CC reports that are due for reporting in a particular subframe are fitted, or a maximum payload size is reached. The leftover reports are dropped

· The maximum payload size depends on the report type (i.e. smaller for RI than CQI/PMI as the error requirements for RI are more stringent than for CQI/PMI)
· CCs are ordered according to the RRC configuration 
· Reporting of the best CC CSI can also be supported
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