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1
Introduction

In RAN1#61bis the following agreements were made regarding the selection of the UL carrier carrying the uplink control information (UCI) in case of carrier aggregation: 

· PUCCH + PUSCH on same and different CCs supported as part of CA WI

· Single UE capability assumed (inter and intra CC) and single configuration from network side unless concerns are raised by RAN4

· 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

This contribution discusses the remaining issues on this topic, starting with the case where no simultaneous PUCCH and PUSCH is configured and then with the simultaneous PUCCH and PUSCH case.
2
PUSCH selection
In this section the remaining issues for PUSCH selection are discussed. The discussion below generally applies as well to the case of simultaneous PUCCH-PUSCH configured when any part of the UCI needs to be transmitted on a PUSCH.
2.1 Small RB allocation in UL PCC

When the size of the RB allocation in UL PCC is small, the overhead due to UCI transmission is larger. This situation can occur in case of SPS, non-adaptive retransmission or small PUSCH payload in PCC. Considering this, it has been proposed [6] that the UL carrier is instead selected such that the overhead (absolute or relative) of the UCI is minimized.
On the other hand, the network can always prevent this issue from occurring, for instance by issuing a dynamic grant for the UL PCC instead of an UL SCC. Thus, the simpler approach of always including the UCI in the PUSCH of the PCC if present seems preferable, at least for the case of no aperiodic CSI.
Proposal 1: At least in the case of no aperiodic CSI, the UCI is always included in the PUSCH of the PCC if present.
2.2 No PUSCH transmission in PCC

Here the main options are (a) a rule based on an absolute UL carrier priority order provided by higher layers, or (b) a rule based on the size of grant (or overhead). The issue only arises in case there are multiple PUSCH transmissions in SCCs, which should be quite infrequent. We note that rule (b) could still be insufficient in case the two PUSCH transmissions have exactly the same characteristics (size of grant, MCS, etc.). Thus, a priority order between carriers is anyway always needed. Considering this, we propose that as a baseline at least a priority order is defined between UL carriers. Further improvements to that baseline could be considered later. 
Proposal 2: At least in the case of no aperiodic CSI, the UCI is included the PUSCH of the highest priority UL carrier according to at least a priority order provided by higher layers, if PUSCH of the PCC is not present.
2.3 Aperiodic CSI

In case the UCI contains an aperiodic CSI, one difficulty is the possibility that the UE misses the DCI containing the CQI request and transmits a PUSCH without CQI, while the network expects a PUSCH with CQI. We consider two alternatives:

1) The UE sends the UCI in the UL carrier according to the same rule as the case with no aperiodic CSI.

2) The UE sends the UCI in the UL carrier concerned by the grant (DCI) that set the CQI request field.
3) The UE sends the UCI in the UL SCC concerned by the grant (DCI) that set the CQI request field in case there is no PUSCH transmission in PCC, and in UL PCC otherwise.

With alternatives (1) and (3), the network verifies if the UE missed the grant that set the CQI request field by performing energy detection on the corresponding PUSCH. This should be reliable most of the time, except possibly in the case of power scaling. Even higher reliability could be achieved if the eNB sets the CQI request field in all grants.
With alternative (2), the network does not need to verify the possibility of CQI not being transmitted since it could by definition not be present in another PUSCH than the one indicated by the grant with the CQI request.

It should be noted that the schemes that are most reliable against the possibility of misalignment are also not compatible with some candidate methods for indicating the DL carrier(s) to be reported, as explained in a companion contribution [13]. Given the availability of other candidate methods for this purpose, our preference would be to go for the most reliable PUSCH selection method, which would be alternative (2). However, the other alternatives are also acceptable given the low probability of misalignment.
Proposal 3: In case of aperiodic CSI, the UCI is included in the PUSCH indicated by the grant that set the CQI request field.
The above Proposal should be revisited in case it is decided, based on separate considerations, to adopt a DL carrier indication method that is based on which PDCCH or which UL carrier the DCI containing the set CQI request field relates to.
3
Simultaneous PUCCH/PUSCH
In case simultaneous PUCCH/PUSCH is configured, a part of the UCI can be carried over the PUCCH. This is examined in the following for each type of UCI.
2.1 HARQ A/N
When Simultaneous PUCCH/PUSCH is configured and HARQ A/N is transmitted, it should always be on PUCCH regardless of which other UCI may be transmitted at the same time.
2.2 Aperiodic CSI
Given its size, an aperiodic CSI report should always be carried on PUSCH regardless of whether simultaneous PUCCH/PUSCH is configured or not and regardless of whether another UCI may be transmitted at the same time.

2.3 Periodic CSI

For the case of periodic CSI there are different cases to consider.
a) In case no A/N is transmitted, it would seem natural to transmit the periodic CSI on PUCCH, even if PUSCH is transmitted, to maximize the benefits of simultaneous PUCCH/PUSCH transmission. Furthermore, it would also be possible to simultaneously transmit a periodic report for a DL carrier at the same time as an aperiodic report for another DL carrier.
b) In case A/N is transmitted, periodic CSI could either be transmitted:

1) on the PUSCH (if an aperiodic CSI is not transmitted at the same time)
2) on the PUCCH along with A/N

Between the two options, (1) seems preferable as performance of A/N transmission could be degraded by multiplexing with periodic CSI. The network should be able to detect that the UE has missed its DL assignment(s) in the same way as in R8.

The above conclusions can be summarized with the following proposals:
Proposal 4: In case simultaneous PUCCH/PUSCH is configured, HARQ A/N is always transmitted on PUCCH.
Proposal 5: In case simultaneous PUCCH/PUSCH is configured and HARQ A/N is not transmitted, periodic CSI is transmitted on PUCCH.
Proposal 6: In case simultaneous PUCCH/PUSCH is configured and HARQ A/N is transmitted, periodic CSI is transmitted on PUSCH.
4
Conclusions
The following proposals are made:
Proposal 1: At least in the case of no aperiodic CSI, the UCI is always included in the PUSCH of the PCC if present.
Proposal 2: At least in the case of no aperiodic CSI, the UCI is included the PUSCH of the highest priority UL carrier according to at least a priority order provided by higher layers, if PUSCH of the PCC is not present.
Proposal 3: In case of aperiodic CSI, the UCI is included in the PUSCH indicated by the grant that set the CQI request field.

Proposal 4: In case simultaneous PUCCH/PUSCH is configured, HARQ A/N is always transmitted on PUCCH

Proposal 5: In case simultaneous PUCCH/PUSCH is configured and HARQ A/N is not transmitted, periodic CSI is transmitted on PUCCH

Proposal 6: In case simultaneous PUCCH/PUSCH is configured and HARQ A/N is transmitted, periodic CSI is transmitted on PUSCH.
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