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1. Introduction 
Support of carrier aggregation may require a considerably larger amount of control information feedback in comparison to Rel-8/9 systems. UCI discussions at RAN1 #61bis led to the following agreements:
· Control piggy-backing on PUSCH (UCI on PUSCH) supported for CA and non-CA operation
· The choice of PUSCH in the following cases are FFS:

· aperiodic CSI

· SPS

· non-adaptive retransmissions

· small PUSCH payloads

· In all other cases, if the UE has a PUSCH transmission on PCC, then any UCI on PUSCH is carried on PCC.

· In case of transmissions on one or multiple PUSCHs and no PUSCH transmission on PCC:

· Then any UCI on PUSCH is carried on one PUSCH on SCC

· If simultaneous PUCCH + PUSCH is not configured and there is at least one PUSCH transmission, all UCI shall be piggybacked on a PUSCH

· If simultaneous PUCCH+PUSCH is configured and there is at least one PUSCH transmission

· UCI can be transmitted on either PUCCH or PUSCH with a dependency on the situation that needs to be further discussed

· All UCI mapped onto PUSCH in a given subframe gets mapped onto a single CC irrespective of the number of PUSCH CCs

· Whether part of UCI gets mapped onto PUCCH and part of UCI gets mapped on to PUSCH in same or different CCs needs to be discussed

Note that the above does not imply anything about which DL CC(s) an aperiodic CSI report relates to.

Note that the number of possible triggers for aperiodic CSI and the DL CC(s) to which they relate is FFS. 

Agreements for coding of UCI transmitted on PUSCH:

· For up to 2 bits A/N (at least for single DL CC), reuse Rel-8 coding scheme

· For 3-11 (if needed) bits RI and A/N, reuse Rel-8 RM PUSCH UCI block code 

· If it is decided to be necessary to transmit more than 11 bits RI, code and number of bits at which the code switches is FFS

· Note: exact max number of RI bits to be supported is FFS. 

Discuss further the FFS points. 

In this contribution we further discuss a number of issues related to aperiodic CSI transmission for CA, e.g. CC-trigger mechanism and CSI-only transmission only scenario. 
2. Discussion 
2.1. Aperiodic CSI Triggering
In Rel-8/9 aperiodic CSI feedback on PUSCH is triggered by setting the CQI request field to “1” in the UL grant. In Rel-10 the CSI (and A/N) payload increases relative to Rel-8/9 if aperiodic CSI request is triggered for a subset N of the Ncc activated CCs. Alternatively, the subset N may be selected from the set of configured DL CCs, denoted as NDLCC. In either case there are several possibilities including

· Case1: one UL grant triggers CSI feedback for one DL CC
· Case2: one UL grant triggers CSI feedback for all CCs. 
· Case3: one UL grant triggers CSI feedback for a configurable set of CCs
Case 1: one UL grant triggers CSI feedback for one DL CC 
One UL grant is used to trigger CSI feedback for one DL CC. It achieves the maximum commonality with Rel-8/9 in terms of CSI multiplexing on PUSCH. The disadvantage is the limited CSI feedback payload since an UL grant can only trigger one CC report. Therefore, feedback for all Ncc CCs needs to be time-multiplexed in some manner such as:

· Ncc grants are required to trigger aperiodic CSI reporting for Ncc CCs, which however is wasteful in terms of DL control resource.
· Alternatively, one UL grant triggers periodic CSI reporting for multiple CCs in successive subframes.
The second issue is how to signal which DL CC is triggered by the UL grant. This can be done in a number of ways.

· CQI triggering by SIB2-linkage: CSI report for one DL CC can only be triggered by an UL grant on the same CC. Furthermore, the UL grant is transmitted on the SIB2-linked UL CC.

· For the case where the SIB2-linked UL CC is not configured for a UE some modification would be required. For example, it may be possible to map the CIF field to the CSI-CC. 

· However, a problem arises when the UE is not configured for cross-carrier scheduling and the SIB2-linked UL SCC corresponding to a DL SCC is not configured for the UE. In this case aperiodic CSI report cannot be triggered for this DL SCC. 

· CQI scanning: an UL grant triggers consecutive CSI reports for all CCs. 

· Explicit mapping: An m-bit CSI field is added to the UL DCI format to indicate the CSI-CC index. Note that this is similar to the CIF field for cross-CC scheduling but it is used for CSI-CC indication.

The 3rd option has the disadvantage of increased UL grant payload (maximum 3-bit). 

Case 2: one UL grant triggers CSI feedback for all CCs. 

The advantage of this option is a very small (if any) impact on the UL grant design, while the disadvantage is the increased CSI payload incurred whenever CSI report is triggered. However, this may not be a serious issue since at most two DL CCs will be configured in Rel.10 time frame, and the eNB may allocate a larger frequency assignment on PUSCH to accommodate the increased CSI payload. 

It has been proposed to reduce the PUSCH CSI payload by only reporting subband CSI for one CC and reporting wideband CSIs for other CCs in the same report [4]. However, this solution precludes frequency selective scheduling gains on the other CCs. Furthermore, a mechanism is still needed to determine for which DL CC the full subband PUSCH report is triggered, e.g. indexing of one “primary” DL CC. In this case the problem becomes similar to Case 1.
Case 3: one UL grant triggers CSI feedback for a configurable set of CCs
The consideration herein is that the CSI payload on PUSCH may be adjusted based on the deployment scenario to avoid excessive CSI payload on PUSCH. Two possibilities are available, i.e., by higher-layer configuration of a “DL CC subset for aperiodic CSI report” or by L1 signaling (UL grant). 

Higher-layer configuration of a DL CC subset

One UL grant triggers aperiodic CSI report for a RRC-configured subset of DL CCs. 
· If a CC is configured/activated but is not present in the “CSI report subset”, aperiodic CSI report for this CC will never be available at eNB until a RRC reconfiguration. In this case, DL transmission in this CC (without aperiodic CSI) has to rely on a periodic PUCCH CSI report, which is either wideband or conveys a less refined sub-band CSI than the aperiodic CSI report. 

L1 signaling (UL grant) 

One possibility is to extend the Rel-8/9 1-bit CQI request field to a bit map of Ncc bits to indicate whether or not CSI for a CC is triggered. To avoid ambiguity during CC activation/deactivation the size of the bit map can be set to the number of configured DL CCs.
The drawback is the increased UL grant overhead. Currently there are several proposed modifications to the UL DCI format for Rel-10 including

1. SRS activation in DCI format 0 by adding 1 bit to DCI format 0.
2. Aperiodic CQI request for DL CA: add CQI request bit map to indicate a CQI request for a subset of the configured DL CCs.

However, these are independent features which may be separately or jointly configured depending on traffic and channel conditions, and on the UE capability. For DCI format 0, it is possible to add a field for each of these features and zero-pad to match the size of DCI 1, while for DCI format 4 these fields can be simply inserted as no DCI size matching is required. These fields are always present irrespective of whether the feature is configured or not for a Rel-10 UE. When a specific feature is not configured for a Rel-10 UE the field is reserved. This extended UL DCI format is only applicable in the UE-specific search space. This solution simplifies testing and specification given the tight time schedule to complete Rel-10. The disadvantage is the reduced efficiency due to increased DL signaling overhead

As a result of this comparison our recommendations are:

Proposal: 

· A positive CSI request triggers CSI reporting for all configured (or activated) DL CCs.

· For full eNB flexibility a bit map could be used to select a subset of CCs for CSI feedback.

2.2. UL CC indication in case of multiple UL grants with CSI trigger

It is natural for the CSI to be conveyed on the CC which is scheduled by the UL grant. However, if aperiodic CQI requests are triggered 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 basic options, namely

· Option 1: reuse the CC priority rules in Section 2.1 for periodic CSI transmission for aperiodic CSI transmission. 
· Option 2: if the UE receives multiple UL grants only one UL grant can contain a positive CSI request.

Option 2 simplifies specification effort but there may be an ambiguous scenario where the UE detects two or more UL grants with positive CSI request. UE behaviour for this scenario is FFS.
Proposal: To simplify specification effort it is preferred that only one grant can convey a positive CSI request in the event that a UE is scheduled on multiple UL grants. 
2.3. Aperiodic CSI transmission without UL-SCH data
Rel-8/9 supports CSI-only transmission on PUSCH by setting the CQI request bit to “1”, IMCS = 29 and NPRB ≤ 4 in DCI format 0. This feature can be supported using the Rel-8/9 signaling for Case 1. On the other hand, Cases 2 and 3 require some modification to support CSI reporting of up to 5 DL CCs on the PUSCH without associated UL-SCH data.  At the very least, NPRB shall most likely be increased. The possible options are

Option 1: for CSI feedback of N ≤ Ncc CCs set CQI request bit to “1”, IMCS = 29 and NPRB ≤ L. To reduce error cases L should only scale with N_DLCC i.e. L should not change depending on how may CSI reports are included in particular transmission. The scaling formula is FFS.

Option 2: restrict aperiodic CQI request without UL-SCH data to the Rel-8/9 procedure. This implies that an aperiodic CQI request from multiple DL CCs cannot occur without UL-SCH data. The eNB simply determines the RB allocation to account for the aggregate CSI transmission with an appropriate amount of UL-SCH data. The size of the transport block for UL-SCH data is left to eNB implementation. Therefore, when CQI request bit = “1”, IMCS = 29 and NPRB ≤ 4, there is only one CSI-CC, and the UE reports the CQI for the DL CC conveying the UL grant. We have a slight preference for Option 2 to reduce testing complexity.
3. Conclusions

Several issues related to UCI transmission for DL CA are presented in this contribution. Our preferences are

· A positive CSI request triggers CSI reporting for all activated DL CCs.

· For full eNB flexibility a bit map could be used to select a subset of CCs for CSI feedback.

· To simplify specification effort it is preferred only one grant can convey a positive CSI request in the event that a UE is scheduled on multiple UL grants.
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