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1 Introduction
In RAN1 61bis meeting, the following baseline agreement has been reached relating to periodic CQI reports:

· For periodic CQI/PMI/RI reporting for CA, at least configuration of different (in time) PUCCH resources for reports for each CC is supported. 

· Additional possibilities are FFS until RAN1#62.

In addition, the following agreement has been reached for the ACK/NACK multiplexing:

· For Rel-10 UEs that support up to 4 ACK/NACK bits: PUCCH Format 1b with channel selection

· For Rel-10 UEs that support more than 4 ACK/NACK bits: DFT-S-OFDM 

2 Discussion
2.1 Periodic CQI/PMI/RI Reporting and Configuration in Release 8
In Release 8, it is basically the job of the RRC configuration to assign proper values for all aspects of periodic reports. Among these are
· Subband CQI cycle factor

· Rank report time offset and multiplier

· PUCCH resource index

· CQI/PMI periodicity and time offset

In addition, periodic CQI/PMI/RI and ACK/NACK collision can be handled in the following way in Release 8:

· Transmit only ACK/NACK using PUCCH format 1a/1b, i.e. drop the CSI report
Indicated by not setting RRC parameter simultaneousAckNackAndCQI to TRUE.
· Transmit only CSI report and ACK/NACK simultaneously using PUCCH format 2/2a/2b
Indicated by setting RRC parameter simultaneousAckNackAndCQI to TRUE.
2.2 Collision Handling of Periodic CQI/PMI/RI and ACK/NACK in CA for PUCCH
2.2.1 Consistent CQI/PMI/RI dropping

Consistently dropping the CQI/PMI/RI report in case of collision with ACK/NACK is claimed to have a negative effect on the performance.
In our view, the occasional dropping of CQI/PMI/RI should be tolerable by the system at least for FDD. In case that within a given time interval many downlink transmissions and hence many ACK/NACK transmissions occur, the eNB can avoid the dropping of CQI/PMI/RI by requesting an aperiodic CQI/PMI/RI report for the conflicting subframe - in which cases there is no need to drop any CQI/PMI/RI report. Depending on the decision of UCI multiplexing in case of PUCCH+PUSCH multiplexing, it may also be sufficient to assign PUSCH resources to avoid CQI/PMI/RI dropping. Not assigning a DL transmission 4 subframes prior to a CQI/PMI/RI transmission for FDD is also a possible work-around because the expected delay for the DL traffic would be just one subframe. 
Another issue related to dropping is whether the drop mandates skipping a report completely until the next instance for that report, or if the transmission is merely postponed to the next available subframe for periodic reporting. Figure 1 gives a simple view of the two possibilities, where the third reporting instance cannot be used because of collision with ACK/NACK. By skipping, the CQI report for component carrier 1 occurs only 4 reporting instances later, the same as if "CQI 1" had not been dropped in the third reporting instance. By postponing, the "CQI 1" report is in this example transmitted in the next reporting instance, effectively postponing the content for all subsequent reporting instances and thereby affecting the content of all subsequent reporting instances.

Skipping would be more in line with the procedure defined in Release 8 for periodic reports in case ACK/NACK collides with a periodic report when multiplexing is disabled by higher layers. Postponing on the other hand may be beneficial to reduce the delay until the "dropped" report becomes available at the eNB. The demerit is one misdetection of A/N would introduce a misunderstanding between UE and eNB. So the postponing approach is less-tolerable to errors. Our preference is skipping the transmission similar to Release 8.
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Figure 1. Effect of skipping / postponing in case of ACK/NACK collision

2.2.1.1 Traffic type dependency
For bursty traffic, we assume that the usability of periodic CQI/PMI/RI is quite limited; instead the eNB should rely on aperiodic CQI/PMI/RI as long and as often as required to deliver the traffic to the UE. The aperiodic CQI/PMI/RI will be much better suitable to provide the required information for most accurate link adaptation and frequency-selective scheduling. Even if the UE is moving with moderate or higher speed, the wideband CQI/PMI/RI provided by the periodic reports is not prone to rapid changes, such that even CQI/PMI/RI reports with a moderate age should prove sufficient for distributed mode transmission. It should also be possible to avoid scheduling 4 subframes prior to an impending periodic report in order to avoid ACK/NACK collision without ill effect in most cases.
For non-bursty traffic like VoIP, we don't see the case that UE has to transmit ACK/NACK in successive subframes. Therefore, the subframe for periodic report is available. It is also important that the Semi-persistent scheduling interval and periodic reporting interval are configured with good coordination to avoid collisions.
2.2.1.2 TDD

Particularly for DL-heavy subframe configurations (Uplink-downlink configurations 2, 3, 4, 5), there is an increased probability that many UL subframes have to be used for ACK/NACK transmission, be it by ACK/NACK multiplexing or bundling.
In case that a UE supports DFT-S-OFDM for ACK/NACK transmission, it could be considered to allow multiplexing of periodic CQI/PMI/RI with ACK/NACK. However we think that such a case should not use any new format. Therefore if such a case needs to be supported, we assume that a certain degree of ACK/NACK bundling is required in order to not exceed the available DFT-S-OFDM capacity.
2.3 Collision Handling of Periodic CQI/PMI/RI for multiple carriers in Release 10

Assuming that the periodic reporting configuration for each DL cell can be done independently, the collision of two or more CQI/PMI/RI reports in the same subframe should not be just regarded as an error case, even though  generally the eNodeB should try to avoid such collisions by proper configuration. We still see the need to specify a rule for handling collisions, though, as wee see situations where this might be not completely unavoidable.
A simple but effective method to reduce the payload is to allow only the transmission of a single CQI/PMI/RI report (i.e. for only a single DL component carrier) in one subframe. To reduce the effect of dropping certain CQI/PMI/RI reports due to collision, we think that the single CQI/PMI/RI report should be based on priorities for the component carriers. The exact method should be for further study. One possibility we outlined in [1] is based on the periodicity value, i.e. where the RRC parameter cqi-pmi-ConfigIndex indicates the largest NP value according to Tables 7.2.2-1A and 7.2.2-1C in TS 36.213. The merit of such an approach is that it ensures not to drop the largest periodicity value, so that the missed information can be obtained after a shorter time as a function of the smaller NP. Furthermore, such a rule establishes the priority as a function of a semi-static configuration, i.e. the priority needs to be determined rarely and not each time anew for each collision case. The case that several component carriers are relying on the same NP value does not need special attention, because either the offset value NOFFSET,CQI for the component carriers are different such that no collisions can occur, or they are identical such that collisions will always occur, which can therefore be considered as an unreasonable configuration. The handling of this case can therefore remain unspecified.
2.4 Need for other configurations than agreed in RAN1 61bis 
As mentioned in the agreement from RAN1 61bis, other methods than the "different (in time) PUCCH resources for reports for each CC" can be discussed. Currently we do not see a motivation to support other methods in Release 10. A CC-specific but independent periodic configuration as supported in Release 8 for each CC in Release 10 should be sufficient.

We also note here that even for the enhanced DL transmission methods of Release 10, we do not require more than 11 bits per periodic report. Therefore the periodic CQI formats defined for Release 8 provide sufficient payload.

3 Conclusion

We propose the following:
· To further check if consistent CQI/PMI/RI dropping is acceptable even for TDD

· In case CQI/PMI/RI is not dropped when colliding with ACK/NACK, the existing maximum payload for supporting ACK/NACK only should not be increased when multiplexing CQI/PMI/RI

· In case of dropping CQI/PMI/RI due to collision with ACK/NACK, the report should be skipped rather than postponed
· In one reporting instance, CQI/PMI/RI is reported only for a single DL component carrier

· The reported DL component carrier should be selected according to a priority-based approach
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