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1. Introduction

According to TR36.814 [1], simultaneous transmission of uplink control information (UCI) and data are supported through the following two methods in LTE-Advanced.

· Method-1: Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel. 8/9 LTE.
· Method-2: Control signalling is transmitted on PUCCH simultaneously with data on PUSCH.
We believe that Method-1 is the baseline from the viewpoint of backward compatibility especially when we focus on single-carrier based transmission without UL carrier aggregation such as in Rel. 8/9 LTE. Meanwhile, considering some Rel. 10 features such as carrier aggregation and enhanced MU-MIMO, mandatory use of Method-2 in some cases may simplify the additional physical layer procedures as discussed in [2]. However, several concerns regarding Method-2 have been recently raised in the RAN4 discussions [3]. Therefore, this contribution clarifies issues regarding simultaneous PUCCH/PUSCH transmission in two LTE-Advanced specific scenarios.

2. Simultaneous PUCCH/PUSCH Transmission within a CC
In Rel. 10, new UCI will be specified in addition to the existing Rel. 8/9 UCI. At least, the need for multiple ACK/NACK transmissions was agreed to support DL carrier aggregation for up to five component carriers (CCs). In this case, with regard to the UCI transmission scheme additionally specified in Rel. 10 LTE with simultaneous data transmission within a CC, the following options could be considered.
Option 1: Specify Method-1 only
· Pros:

· Preferred from performance perspective (due to discussions in Rel. 8 LTE [4])
· Preferred from RAN4 perspective, e.g., spectrum emission and increase in texting complexity [5]
· Cons:

· More specification efforts, e.g., piggy back mechanism for additional UCI
Option 2: Specify either of Method-1 or Method-2 case-by-case
· Pros:

· Avoidance of specification efforts for some additional UCI
· Simplification of physical layer procedures for some additional UCI, e.g., multiple ACK/NACK feedbacks [2]
· Cons:

· Not preferred from RAN4 perspective

Option 3: Specify Method-1 mandatorily and Method-2 optionally for all UCI
· This may be a straightforward interpretation of current agreements in TR36.814. However, we do not see reasonable motivation to do this.
Among these options, we have a slight preference for Option 1 rather than Option 2 with priority to the performance benefits of Method-1 [4]. Furthermore, if Method-2 is supported, we should consider the concerns raised in the RAN4 discussions.
Proposal 1: It should be clarified whether Method-2 (simultaneous PUCCH/PUSCH transmission within a CC) is really needed as a Rel. 10 feature even considering the concerns raised by RAN4.

3. Simultaneous PUCCH/PUSCH Transmission over Different CCs
Currently, it was agreed that the PUCCH for the channel state information (CSI) and scheduling request (SR) are transmitted on one UE-specific UL CC. Although the support of simultaneous ACK/NACK transmissions on multiple UL CCs is currently FFS, our preference is that the PUCCH for ACK/NACK signals should also be transmitted on one UE-specific UL CC for several reasons [6]. In this situation, when the PUCCH is configured to one UE-specific UL CC, there are two cases for simultaneous data transmission with UL carrier aggregation.
· Case-1: There is simultaneous uplink data transmission from multiple UL CCs where the PUCCH is configured in one of the UL CCs.
· Case-2: There is simultaneous uplink data transmission from multiple UL CCs where the PUCCH is not configured in these UL CCs.

In Case-1, the UCI can be transmitted on a PUSCH within the UE-specific UL CC as shown in Fig. 1(a). This kind of transmission scheme has already been discussed for UL power control [7]. Meanwhile, in Case-2, the UCI may be transmitted on a PUCCH in the UE-specific UL CC with simultaneous data transmission from other UL CCs as shown in Fig. 1(b). This kind of transmission scheme seems to be a special case of simultaneous PUCCH/PUSCH transmission. Therefore, clarification of its feasibility may be needed from the RAN1/RAN4 perspective.
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(a) UCI transmission scheme in Case-1
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(b) UCI transmission scheme in Case-2
Figure 1 – UCI transmission scheme with UL carrier aggregation
Proposal 2: It should be clarified whether or not simultaneous PUCCH/PUSCH transmission over different CCs is feasible from the RAN1/RAN4 perspective.

4. Conclusion

This contribution clarified issues regarding simultaneous PUCCH/PUSCH transmission in two LTE-Advanced specific scenarios. The followings are proposed ways forward.
· Proposal 1: It should be clarified whether simultaneous PUCCH/PUSCH transmission within a CC is really needed as a Rel. 10 feature even considering the concerns raised by RAN4.
· Proposal 2: It should be clarified whether or not simultaneous PUCCH/PUSCH transmission over different CCs is feasible from the RAN1/RAN4 perspective.
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