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1. Introduction

When a UE is configured for DL CA aperiodic CSI reports can be triggered from one or more of the activated CCs. A mechanism to trigger these aperiodic CSI reports was discussed at RAN1 #63. Subsequent email discussion on a proposed solution in [1] led to the following agreement for triggering in the UE-specific search space:
· If carrier aggregation is configured, aperiodic CSI request field contains 2 bits (1 bit is added to the DCI format in the UE-specific search space)
· “00” state indicates no CSI is triggered
· “01” state indicates trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report
· “10” meaning is configured by RRC
· “11” meaning is configured by RRC
This contribution tackles several open issues, namely:

· Triggering of CQI-only PUSCH transmission for CA

· UL CC indication in the case of multiple aperiodic CSI triggers, and 

· The meaning of trigger value “1” when aperiodic CSI is triggered in the common search space.
2. Discussion
2.1. Aperiodic CSI transmission without UL-SCH data

In Rel-8/9 aperiodic CSI report is triggered by setting the CQI request field to “1” in DCI format 0. Furthermore, aperiodic CSI-only transmission on PUSCH is enabled by setting the CQI request bit to “1”, IMCS = 29 and NPRB ≤ 4 in DCI format 0.
For a 20 MHz system a a Rel-8/9 UE configured for transmission mode 4 (TM4) and PUCCH reporting mode 3-1 shall generate a CQI/PMI payload of
· (4(WB-CQI) + 2(SB-CQI) * 13 ) * 2(CWs) + 4(PMI) = 64 bits without CRC

For the same system bandwidth a Rel-10 UE configured for TM9 and reporting mode 3-1 shall generate a CQI/PMI payload of
· (4(WB-CQI) + 2(SB-CQI) * 13 ) * 2(CWs) + 4(W1) + 4(W2) = 68 bits

It can be observed that while NPRB = 4 may still be sufficient for TM9 when reporting CSI for a single DL CC, the CQI performance could be significantly degraded when the UE is triggered to report CQI for multiple active CCs. In the extreme case of 5 active CCs the CQI payload is as high as 5 * 68 = 340 bits (without CRC). This performance degradation is further exacerbated when RI bits are considered and when HARQ-ACK bits are present (for instance up to 40 A/N bits could be required for TDD without spatial bundling).

Clearly, some modification is required to reflect larger UCI payloads on PUSCH without UL-SCH data. Three possible options include:

Option 1: For convenience we shall denote NPRB-CSI as the maximum number of PRBs that can be allocated for CSI-only transmission on PUSCH, i.e. NPRB-CSI = 4 in Rel-8/9. For Rel-10 NPRB-CSI is scaled proportionally with the maximum number of CCs that can be triggered by either code-point “10” or “11” in the UL DCI format. The proportionality factor is chosen to meet a desired coding rate for the CQI, RI and HARQ-ACK payloads. Specifically, 

· A separate value of NPRB-CSI can be defined for each subset size from 2 to 5 corresponding to the number of CCs for which CQI is triggered. 

· Example: 

· For 5 CCs code-point “10” triggers 2 CCs (CC1 and CC2) while “11” triggers 3 CCs (CC3 – CC5). Let NPRB-CSI = N2, N3 for triggering CQI-only transmission for the first 2 CCs and the other three CCs respectively, where N2 ≤ N3.

· If an UL grant is detected with CQI trigger = “10”, NPRB ≤ N2 this schedules CQI reporting for CC1 and CC2 on the PUSCH.

· If an UL grant is detected with CQI trigger = “10”, NPRB > N2 or N3 > NPRB > N2, this schedules CQI for CC1 and CC2 multiplexed with UL-SCH data on the PUSCH.

Option 2: It can be observed that Option 1 introduces several cases which all require complex testing and verification procedures. A simpler scheme is as follows:

· If CSI is triggered for 1 CC the UE behavior is the same as Rel-8/9

· If the UE is triggered to report CSI for multiple CCs, the UE transmits CSI without UL-SCH data on PUSCH if IMCS = 29 regardless of the value of NPRB.

This option avoids complicated UE behavior. The eNB simply determines the appropriate PUSCH allocation to account for the aggregate CSI transmission. An additional benefit is that the eNB scheduler can also dimension the PUSCH allocation to account for HARQ-ACK feedback for up to 5 DL CCs.

Option 3: It is also possible to consider higher order modulation in order to reduce the signaling overhead associated with aperiodic CSI reports for multiple CCs. Signaling of the modulation order in this case needs to be studied since in Rel-8 only QPSK modulation is used for CQI-only transmission. It should be noted, however, that higher-order modulation requires lower coding rate compared to QPSK to attain the same error rate requirement. Hence, using higher-order modulation is beneficial when one of the lowest coding rates is already used in conjunction with QPSK modulation.
In terms of simplicity we have a slight preference for Option 2.
Proposal: If the UE is triggered to report CSI for multiple CCs, the UE transmits CSI without UL-SCH data on PUSCH if IMCS = 29 regardless of the value of NPRB.

2.2. UL CC indication in case of multiple UL grants with positive CSI triggers
In general aperiodic CSI reports are transmitted on the UL CC which is SIB2-linked to the DL CC carrying the PDCCH triggering the aperiodic CSI reports. However, if aperiodic CQI requests are indicated in multiple UL grants, the UE needs to be signaled which UL CC conveys the CSI, per the RAN1 agreement that UCI is transmitted on only 1 PUSCH. There are two options, namely

1) Option 1: define a CC priority rule to determine which UL CC conveys the CSI reports. 

a. A similar rule as CC selection for UCI transmission on PUSCH could be adopted [2]. For example, aperiodic CSI reports are sent on the PCC if a positive CSI trigger is detected in an UL grant scheduling PUSCH on the PCC. In case the PCC is not scheduled the cell index or some other priority rule can be defined. 
b. Note that one issue with this scheme is that different triggers indicate different subsets of the activated CCs.
2) Option 2: in a subframe only one UL grant can contain a positive CSI trigger. If the UE detects a positive trigger in multiple UL grants it regards this as a misconfiguration by the eNB and assumes consistent control information was not received. 
Option 2 eliminates any ambiguity, and minimizes specification effort by avoiding scenarios where multiple CSI triggers indicate different CC subsets.
Proposal: To simplify specification effort it is preferred that only one grant can convey a positive CSI request in the event that a UE receives multiple UL grants in a subframe. 
2.3. Triggering in the CSS

The four possible solutions from the email discussion are listed here for convenience:

Solution 1: "1" meaning is configured by RRC, independently from the configuration for the UE-specific search space

Solution 2: "1" meaning is identical to the meaning of state "11" in the UE-specific search space

Solution 3: "1" state indicates trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report

Solution 4: "1" state indicates trigger for all CCs

Analyzing these solutions it can be seen that

· Solution 4 is not suitable in our view because it does not provide fallback to Rel-8 for triggering CSI feedback for the same cell (note that this functionality is preserved by the agreement for the UE-specific search space). 

· The motivation for Solution 2 is unclear in the linkage with the RRC configuration of the UE-specific search space.
· Solution 1 provides maximum flexibility to the eNB via RRC configuration but it is not clear why such an optimization is required because if fallback to Rel-8 procedure is desirable (e.g. during CC activation/deactivation), the most likely use case is that the eNB configures Solution 1 as Solution 3 resulting in a redundant RRC parameter. It should also be noted that additional flexibility provided by Solution 1 could require additional specification to handle eNB/UE misalignment during CC activation/deactivation. 

Proposal: Adopt Solution 3 i.e. “1” state indicates trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report. 
3. Conclusion

Some outstanding details of aperiodic CSI reporting in CA have been addressed in this contribution. We propose that
· If the UE is triggered to report CSI for multiple CCs, the UE transmits CSI without UL-SCH data on PUSCH if IMCS = 29 regardless of the value of NPRB.

· To minimize specification effort it is preferred that only one grant can convey a positive CSI request in the event that a UE receives multiple UL grants in a subframe.
· A positive CSI request in the common search space indicates a trigger for the DL CC that is SIB2-linked to the UL CC transmitting the CSI report.
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