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1 Introduction

As an outcome of the power control discussions, it was decided that UCI cannot be carried on more than one PUSCH in a given subframe ‎[1]. An open issue is into which PUSCH the UCI should be multiplexed, if the UE aggregates multiple UL component carriers and has several PUSCHs to transmit. In this contribution we discuss solutions to this problem.
2 Simultaneous PUCCH and PUSCH
For discussing the UCI multiplexing problem it is first noted that it has been agreed that ‎[2]:

· Control signaling is multiplexed with data on PUCCH simultaneously with data on PUSCH.

This has been discussed extensively in both RAN1 and RAN4 and the LS ‎[3] shows that there are significant difficulties with simultaneous PUCCH and PUSCH transmission. However, RAN1 has not changed the decision to support it. The agreed way-forward ‎[4] implies the possibility for not making this feature mandatory by considering introducing UE capability signaling for discontinuous PUCCH/PUSCH and/or PUSCH/PUSCH allocations.
Hence, even though the feature will be specified, it is not reasonable that simultaneous PUCCH and PUSCH, regardless if it is within or between component carriers, could be generically assumed. Rather, LTE-Adv should be designed such that it is always possible to operate under non-simultaneous PUCCH and PUSCH, which also was pointed out in ‎[3]. This was further reflected in ‎[5], where it was suggested to treat the case of non-power limited UE and power limited UE separately and not mandate support of simultaneous PUCCH and PUSCH for the latter type. 

Therefore, we find that for carrier aggregation, Rel-10 should facilitate UCI multiplexing on PUSCH such that only the PUSCH(s) is(are) required to be transmitted from a UE in case there was also a PUCCH. Thus, UCI multiplexing in PUSCH should be supported such that simultaneous PUSCH and PUCCH transmission is not mandatory. 
3 Selection of PUSCH for UCI transmission 
In principle, the UE could select one UL CC with PUSCH, where the selection is without any direction from the eNodeB. This may have small impact on the specifications. However, the eNodeB would then always have to do blind detection for UCI as it has no á priori information of the PUSCH selection of the UE, which will increase receiver complexity. It is also not inline with the current principles of the eNodeB being in ultimate control of the transmissions in a cell.  Moreover, it would limit the possibility of link adaptation for PUSCH with data and UCI since the eNodeB could not easily select MCS or TB size, without knowing if it will contain UCI. 
Hence, schemes with eNodeB interaction are preferred and two options could be envisaged.
Fixed UL CC

In this case, out of the configured UL CCs, one pre-defined fixed UL CC may only be used for UCI on PUSCH. Typically, the PCC could be the one fixed UL CC. The advantage is that the CC selection is known and requires no extra signaling. Thereto, in average sense, performance should not be a major concern since the PCC is expected to be the most favorable CC.

A problem is that there is no guarantee for a PUSCH on the PCC. There may even be PUSCHs on multiple SCCs, while no PUSCH on the PCC, for example due to re-transmissions on the SCCs, or if the eNodeB preferred not to, or could not, schedule on the PCC. If simultaneous PUCCH and PUSCH is supported, UCI could then be transmitted in the PUCCH on the PCC simultaneously with data in the PUSCHs on the SCCs. However, if it is not supported, it implies in this situation that either; 
· PUCCH is not transmitted and the PUSCH(s) on the SCC(s) are transmitted, or

· PUCCH is transmitted and the PUSCH(s) on the SCC(s) are not transmitted.

In the first case no UCI can be signaled and not transmitting the PUCCH may lead to a frequent dropping of UCI, including ACK/NACK, which is contradicting the Rel-8 design principle. In the second case, UCI can be transmitted in the PUCCH, but not transmitting the PUSCH(s) contradicts to the essence of carrier aggregation and makes its applicability smaller and highly dependent on the amount of UCI signaling. 
Thus, assuming a fixed UL CC may require simultaneous PUCCH and PUSCH, which we do not think should be mandatory. Having a fixed UL CC could also impact the design of the aperiodic CSI reporting for carrier aggregation ‎[6] since it is not clear at this point whether that should be transmitted on the PCC.  
Non-fixed UL CC   

In this case, one UL CC is selected among those for which the UE has received a valid UL grant. Hence, the UL CC is non-fixed and is not pre-determined, therefore it can be assured that a PUSCH always could be selected and UCI be transmitted. There is thus no need for simultaneous PUCCH and PUSCH. The selection of PUSCH would have to be made according to some rules, to avoid the completely blind detection at the eNodeB. 

One set of rules could be that UL CCs are assigned priority values which are known to both the eNodeB and the UE. The UL CC with a valid UL grant and the highest priority should then be selected to carry UCI in its PUSCH. Priorities would be configured by the eNodeB, e.g., depending on CC characteristics such as bandwidth, carrier frequency, reliability etc., and the highest ranked CC may or may not be the PCC. These priority values do not need to change frequently and could be assigned to the UL CCs during the RRC configuration process of the CCs. It may, e.g., be considered to use the carrier indices for priority values.
Furthermore, assuming that one of the UL CCs is scheduled to transmit aperiodic CSI ‎[6], that UL CC would be unique and it is suitable to put all UCI on this UL CC. Otherwise, the aperiodic report needs to be moved to the UL CC that would be selected, or be dropped. The corresponding rule will be that a PUSCH with aperiodic CSI always assumes the highest priority. Hence, if a PUSCH is scheduled to transmit aperiodic CSI, all UCI of the UE should be multiplexed into this PUSCH. 

4 Conclusions
UCI multiplexing on PUSCH should be supported such that simultaneous PUSCH and PUCCH transmission is not mandatory. 

The UL CC for UCI multiplexing on PUSCH is non-fixed.
The selection of PUSCH for UCI is based on UL CC priorities known to the eNodeB and UE.

A PUSCH scheduled for carrying aperiodic CSI always has the highest priority.
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