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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. 

In RAN1 62bis, the following working assumption and proposal were made:

Working assumption, at least for the case of a single aperiodic CSI trigger in a subframe:

When aperiodic CSI is triggered by an UL grant, the UCI mapped on PUSCH shall be carried on a single UL CC indicated by the UL grant containing the aperiodic CSI trigger

Proposal: In case of multiple PUSCH with no aperiodic CSI when a PUSCH transmission in the Pcell does not exist or when it is used for a non-adaptive retransmission, or for SPS, or to convey a “small” payload (threshold for number of PRBs or for data payload needs to be defined), the UE selects for UCI inclusion the PUSCH:

· Alt1: based on predefined ordering of CCs (but avoiding PUSCHs which also suffer from the above special cases)

· Alt 2: derived from PUSCH transmission format

Similarly to Rel-8/9, a Rel-10 UE that is not configured for simultaneous PUCCH+PUSCH shall transmit UCI on the PUSCH in response to a CQI request in the UL grant, or when a periodic CSI report (or HARQ-ACK feedback) collides with a PUSCH transmission. A general principle outlined in [1] - [4] and other contributions is that the UE selects the CC to convey UCI (denoted the UCI-CC) based on a pre-defined rule or priority. Although it was agreed that, when scheduled, the PCC has the highest priority, a few use cases merit a second look including non-adaptive retransmissions, small PUSCH payloads, SPS and aperiodic CSI. This document updates the design recommendations given in R1-103694 with regards to these use cases as well as other outstanding issues involving UCI on PUSCH.
2. PUSCH Selection
The first issue for consideration is how to rank the configured UL SCCs on a priority scale. RAN2 has agreed that all CCs have the same QoS [5]. Therefore, from a data scheduling perspective all CCs can be viewed as having the same priority and thus we believe RAN1 can define a priority order of SCCs for UCI feedback on PUSCH. Furthermore, it is assumed that this ranking is only used for periodic UCI transmission on PUSCH since aperiodic CSI transmission depends on explicit signaling from the eNB contained in the DCI format carrying the UL grant. Hence, CC prioritization may be considered for the following use cases
a) The UL PCC is not scheduled
b) Small PUSCH payload on the PCC

c) Non-adaptive retransmission

d) SPS transmission

One proposed rule is that the UE transmits on the CC with the largest UL grant [1] or the CC that minimizes the UCI overhead in an absolute or relative sense [2]. This rule is known to both the eNB and UE. In the event that the UE misses detection of the UCI-CC, the eNB can determine the CC the UE transmits the CSI on since it always performs DTX detection of PUSCH and PUCCH. Such a rule can be applied for all these use cases.
When the PCC is scheduled a different alternative is to always transmit the UCI on the PCC because

· The eNB can schedule an appropriately sized UL grant to accommodate UCI transmission

· The probability of simultaneous CSI reporting for all activated CCs is reduced by independent configuration of CSI reporting parameters per CC.

· For the asymmetric case or when the UE only has one UL grant UCI would anyway be transmitted on 1 UL CC regardless of the total CSI payload.

Indeed, a different alternative is to specify a dropping rule in the case of small PUSCH payloads. For example, the CSI from some CCs may be dropped if the UCI overhead is larger than a defined threshold. For example, if UCI is required for L CCs, UCI is transmitted for 
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defines the maximum allowed overhead, and 
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is the number of coded UCI symbols for DL CC n. The dropping order may also need to be specified. 
Proposal:
· In the event that a grant is not detected for the UL PCC the UE transmits UCI on a CC based on a rule such as the CC with the largest UL grant or the CC that results in the minimum UCI overhead. 
· It may be combined with eNB scheduling to avoid ambiguous scenarios.
· In order to minimize UCI overhead in the case of small PUSCH payloads and/or adaptive retransmission consider dropping UCI for some CCs based on a predefined rule.
3. Conclusions

PUSCH selection for UCI transmission for CA is discussed in this contribution. Our preferences are

· In case of multiple PUSCH with no aperiodic CSI when a PUSCH transmission in the Pcell does not exist or when it is used for a non-adaptive retransmission, or for SPS, or to convey a “small” payload, UE transmits UCI on the CC with the largest UL grant or the CC that results in the minimum UCI overhead. 

· It may be combined with eNB scheduling to avoid ambiguous scenarios.
· In order to minimize UCI overhead in the case of small PUSCH payloads and/or adaptive retransmission consider dropping UCI for some CCs based on a predefined rule.
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