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1
Introduction
This contribution discusses remaining issues related to periodic CSI reporting in carrier aggregation.

In RAN1#63 a way forward on periodic CSI [1] was proposed and submitted for email approval. The way forward did not achieve consensus due to concerns related to the proposed limitation of 1 carrier per subframe [3].
In this contribution we provide our views on this issue and other details related to periodic CSI.

2
Discussion
According to the current baseline, the configuration for periodic CSI feedback is independent for each DL carrier. If a single carrier can be reported in a subframe, the network can obtain the periodic CSI from each DL carrier by configuring different offsets and/or periodicities. This could result in more frequent transmission of periodic CSI if the network desires to maintain the same periodicity for the reporting of the CSI of a given DL carrier. It is also possible, depending on the scheduler implementation, that the network reduces the frequency of the reporting of the CSI of each DL carrier. This approach could also be necessary for certain TDD configurations for which the number of opportunities (or valid offsets) for transmitting PUCCH is quite limited.
On the other hand, if it were allowed to report more than 1 DL carrier per subframe, it would be possible for the network to configure identical offsets and periodicities for the periodic CSI reporting of some carriers. However, given the limited capacity of PUCCH, this would require the availability of a grant to transmit PUSCH periodically. It has been proposed that such grant be configured semi-statically in a manner similar to SPS [2].
The latter approach would have the benefit of ensuring availability of CSI reports without incurring PDCCH overhead to trigger aperiodic reports. On the other hand, it would also incur significant overhead on the uplink since a whole resource block would periodically be utilized only for the transmission of periodic CSI of a single UE, even if there is no uplink or downlink traffic at all for this UE. With the approach of restricting the periodic CSI to a single carrier per subframe, it is still possible to quickly obtain CSI of all DL carriers of a given UE by triggering an aperiodic report. In many cases this does not result in additional PDCCH overhead because a grant is anyway required for the transmission of data by the UE, which may occur even in download-intensive applications (e.g. for TCP ACKs)
We conclude that it is preferable to adopt the way forward in [1] in R10 and to limit the number of CSI reports to a single DL carrier per subframe.
Proposal 1: Adopt way forward in R1-106525 [1] for the transmission of periodic CSI in R10.
3
Priority rules
There is a need to define a rule to prioritize which DL carrier is reported in case of collision in a given subframe. The following criteria may be considered for the prioritization between DL carriers:
· Pre-determined or explicit (RRC) priority between DL carriers (e.g. higher priority for primary cell)
· Periodicity of the report (i.e. higher priority for larger periodicity)
· Reporting mode or type (RI, wideband CQI, etc.)
· Activation state (as CQI is not reported for a de-activated carrier)
It should be noted that the definition of a priority rule is only required to address the case of reports configured with different periodicities. In case two reports are configured with the same periodicity, collisions would only occur if they also were configured with the same offset which would be a network error. When reports are configured with different periodicities, collisions could occur in the following cases:

1) When one periodicity is a multiple of the other one (e.g. 10 ms and 40 ms) and the configured offset is the same. In this case it is obvious that the report that should be prioritized is the one with the highest periodicity otherwise this report would never be transmitted.

2) When one periodicity is not a multiple of the other one (e.g. 20 ms and 32 ms) and for certain configured offsets. In this case one could argue that the report configured with the highest periodicity is not necessarily more important (e.g. if the 32 ms one is configured for a secondary cell). Nevertheless, collisions do not occur as frequently in this scenario, so the exact priority rule may not be so important. It could also be questioned if this type of configuration is very typical. For simplicity, adopting the same priority rule based on highest periodicity seems preferable. This would also avoid additional overhead at RRC to explicitly signal the highest priority carrier.
Proposal 2: At least when the type of report is the same, in case of collision between reports for different carriers the report configured with the highest periodicity (Npd or H Npd MRI) is transmitted.
In case two reports for the same DL carrier collide in the same subframe, it would be natural to keep the same rules as in Release 8.
Proposal 3: At least when the DL carrier is the same, in case of collision between reports of different types the report prioritized according to Release 8 rules is transmitted.

In case two reports of different types and for different DL carriers collide, one needs to determine which of the priority rules has precedence. Keeping in mind that the network should be able to avoid this type of situation from occurring very frequently by proper configuration, it is suggested to adopt a precedence rule that is easy to specify. It would seem slightly easier to specify that the rule based on periodicity has higher precedence than the rule based on report type, considering the many potential combinations of report types to consider when different carriers are involved. 
Proposal 4: In case of collision between periodic CSI reports of different types and periodicities, the periodic CSI report configured with the highest periodicity is transmitted.
Finally, one needs to consider if the activation state should be utilized as a criterion. Two options are possible:
a) Activation state is not considered. In case of collision and if the report that has the highest priority is for a de-activated DL carrier, nothing is transmitted.

b) The report that has the highest priority among activated DL carriers is transmitted.

The benefit of option (a) is that there is never any ambiguity as to the DL carrier for which a periodic CSI report is transmitted. On the other hand, the drawback is that the network doesn’t get any CSI information for the UE for certain subframes. For instance, in case the network is configured with 2 DL carriers and the secondary carrier periodic CSI report is configured with a higher periodicity (40 ms) than the primary carrier (10 ms), it would seem more natural that the UE doesn’t skip 1 out of 4 reports while the secondary cell is de-activated. During the small uncertainty period upon activation or de-activation of the secondary cell, the network can simply ignore the reports for which ambiguity exists. Thus, we have a small preference for option (b).
Proposal 5: The report that has the highest priority among activated DL carriers is transmitted.

4
Conclusions
We propose the following:
Proposal 1: Adopt way forward in R1-106525 [1] for the transmission of periodic CSI in R10.

Proposal 2: At least when the type of report is the same, in case of collision between reports for different carriers the report configured with the highest periodicity (Npd or H Npd MRI) is transmitted.
Proposal 3: At least when the DL carrier is the same, in case of collision between reports of different types the report prioritized according to Release 8 rules is transmitted.

Proposal 4: In case of collision between periodic CSI reports of different types and periodicities, the periodic CSI report configured with the highest periodicity is transmitted.

Proposal 5: The report that has the highest priority among activated DL carriers is transmitted.

5
References
[1] R1-106525, “Way Forward on Periodic CQI/PMI/RI in CA, “ Ericsson, Motorola, Nokia, Nokia Siemens Networks, Panasonic, Qualcomm Inc., ST-Ericsson, Texas Instruments
[2] R1-106506, “Way Forward on Periodic CSI, “ Alcatel-Lucent, ASB, CATT, CMCC, Huawei, HiSilicon, RIM, Samsung
[3] Email reflector discussions for 63-03 LTE-A WF on periodic CQI/PMI/RI in CA
[4] R1-105858 “Periodic CSI Reporting for CA, “ Ericsson, ST-Ericsson
[5] R1-106194 “Periodic CSI Reporting for Carrier Aggregation, “ Nokia Siemens Networks, Nokia
[6] R1-106015 “Periodic CQI/PMI/RI Reporting with CA, “ Samsung
[7] R1-105984 “Periodic CSI transmission for CA, “ Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[8] R1-105776 “Periodic CQI/PMI/RI Reporting for Carrier Aggregation, “ Panasonic
