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1 Introduction

Support for simultaneous PUSCH and PUCCH transmissions from a UE has been agreed to be specified for Rel-10 although, due to RAN4 constraints, actual support will occur after Rel-10. Other than the above general agreement, there is no information on how simultaneous PUSCH and PUCCH transmissions from a UE are supported and on how to resolve ambiguities that may occur. 

This contribution provides a brief outline for some high level aspects associated with the support of simultaneous PUSCH and PUCCH transmissions from a UE. 
2 Support of Simultaneous PUSCH and PUCCH
Configuring PUSCH + PUCCH

One of the first aspects that should be resolved is how simultaneous PUSCH and PUCCH transmissions (PUSCH + PUCCH) are enabled. Due to IMD issues, it should be fully under the eNodeB’s control which UEs can perform PUSCH + PUCCH. For example, it may be desirable that cell-edge UEs transmitting near maximum power (e.g. to compensate for path-loss) and having small PUSCH allocations, do not be perform PUSCH + PUCCH. Therefore, the eNodeB should be able to configure a UE, through higher layer signaling, whether it is allowed to perform PUSCH + PUCCH.
Proposal: Enabling simultaneous PUSCH and PUCCH transmissions is UE-specific and configured by higher layer signaling. 

PUSCH + PUCCH Aspects

There are several cases where the behavior of a UE configured to perform PUSCH + PUCCH transmissions is either not determined or it may be inefficient if PUSCH + PUCCH transmissions are always default. The following are some examples: 

a) As multiple PUCCH transmissions are unlikely to be supported, it is unclear what the UE action should be when there are simultaneous HARQ-ACK and CQI transmissions and the UE is configured PUSCH + PUCCH. Given that the primary motivation of PUSCH + PUCCH is to avoid wasting PUCCH resources and to minimize the UCI overhead in the PUSCH, it appears reasonable to consider that CQI is transmitted in the PUCCH and HARQ-ACK is transmitted in the PUSCH (note that for CA support, it is generally not possible to multiplex HARQ-ACK with a CQI transmission). As PUCCH + PUSCH transmissions should not be configured for power limited UEs (taking MPR into account), there should be no issue with prioritizing the power allocation to PUCCH over the power allocation to PUSCH with UCI for power limited UEs (and this rule can be reconsidered).
b) For PUSCH + PUCCH transmissions the maximum transmission power difference should not exceed a threshold which can be identified by RAN4 [1]. Then, the PUSCH transmission power should be reduced (as it is typically larger than the PUCCH transmission power). A similar situation occurs when the total power required for PUSCH + PUCCH transmissions exceeds the maximum transmission power 
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 in the Pcell. Although power allocation to PUCCH is prioritized, it may often be preferable for the PUSCH reception reliability to include UCI in the PUSCH instead of reducing the PUSCH transmission power and additionally incurring a CM penalty. Since UEs with frequent PUCCH transmissions are also likely to have frequent PUSCH transmissions, such UEs may have PUSCH transmissions with large PRB allocations reduced in power and be subjected to considerable data rate reductions. RAN1 should further study these aspects and determine the UE behavior. 
c) The relative UCI overhead in the PUSCH is an additional consideration when deciding to perform PUSCH + PUCCH transmissions. At one extreme, the UCI may only represent minor PUSCH overhead. For example, multiplexing UCI in the PUSCH may only require a few REs as it will typically be the case with UL CA where PUSCH transmissions will be with high spectral efficiency, large PRB allocations, and with high transmission power. Then, it is preferable to multiplex UCI in the PUSCH as the associated overhead introduces a smaller penalty than the CM increase from supporting PUSCH + PUCCH or a potential PUSCH power reduction. At the other extreme, UCI multiplexing in the PUSCH may not be possible without introducing substantial overhead or simply exhausting the maximum resources available for UCI (HARQ-ACK or RI) transmission. Then, it is preferable to support PUSCH + PUCCH transmissions. 
3 Conclusions

This contribution considered some high level aspects that RAN1 should clarify regarding the support of simultaneous PUSCH and PUCCH transmissions in Rel-10 and proposes the following: 
Proposal: Enabling simultaneous PUCCH and PUSCH transmissions is UE-specific and configured by higher layer signaling. 

Proposal: For a UE enabled simultaneous PUCCH and PUSCH transmissions, UCI can still be multiplexed in the PUSCH.
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