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1.1. Introduction

In #55bis Ljubljana meeting the following is agreed as a basic principle of uplink transmission in LTE-A (LTE advanced) [1].
Simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

•
Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8

•
Control signalling is transmitted on PUCCH simultaneously with data on PUSCH
In release-8 LTE, a UE behavior in case of transmit power limitation is relatively simple since a UE can transmit single physical channel in a subframe. On the other hand, in LTE-A, a UE may transmit both PUSCH and PUCCH in a same subframe according to the agreement above. In addition, it can be also considered a UE transmits multiple PUSCHs and/or multiple PUCCHs in a same subframe depending on the further design of LTE-A uplink transmission. Therefore more consideration is required on the UE behavior in case of transmit power limitation in LTE-A. In this paper, we introduce general approaches for uplink transmission in case of transmit power limitation for LTE-A. 
2.1. Single carrier transmission mode in LTE-A
eNB can judge that a UE’s transmit power is limited based on the power headroom report. In this case, the UE can be configured to operate in the single carrier transmission mode like Rel-8 UEs. That is, PUCCH is piggybacked onto PUSCH to get better PAPR when PUCCH and PUSCH transmission happens coincidently. Therefore, configurability of single carrier transmission mode for the LTE-A UEs is one possibility of relax the uplink transmit power limitation problem. More details on the UE operation in the single carrier transmission mode is discussed in another paper [2].
3.1. UE behavior without the single carrier transmission mode
Even if the UE is not in the single carrier transmission mode (or if there is no such a mode), a LTE-A UE’s required transmit power can surmount maximum UE transmit power (Pcmax in Rel-8 LTE) since power headroom report cannot reflect dynamic change of the uplink radio link condition. In Rel-8 LTE, the UE automatically limits its transmission power to Pcmax by a function, min(  , Pcmax), regardless of the uplink power control by eNB. In LTE-A, further consideration is necessary because of the multiple physical channel transmission. The same simple maximum power limitation rule as in Rel-8 LTE can be applied to the LTE-A UEs which are configured for the single carrier transmission mode. On the other hand, a UE which is not configured for the single carrier transmission mode should not automatically piggyback PUCCH onto PUSCH when there happens maximum transmit power problem since eNB doesn’t know whether the UE will piggyback PUCCH onto PUSCH or not. We consider the following approaches.

Approach 1. Transmit power reduction
When the UE’s required transmit power surmounts Pcmax, the UE automatically reduces it’s transmit power up to Pcmax. When the UE transmits multiple physical channels (PUSCH + PUSCH, PUCCH + PUSCH, etc.), there can be two options as below.
Option 1) Transmit power reduction by an equal portion

· All the physical channels’ transmit powers are reduced by an equal portion. This is mainly considerable for the same type of channels, that is, PUSCH + PUSCH, ACK/NACK PUCCH + ACK/NACK PUCCH, etc.

Option 2) Transmit power reduction by a priority

· Transmit powers of the physical channels are reduced by a predefined priority. This is mainly considerable for the different type of channels. For example, PUSCH transmit power may be reduced first before reducing ACK/NACK PUCCH transmit power since ACK/NACK performance requirement should be satisfied first.

Approach 2. Channel dropping by a priority
When the UE’s required transmit power surmounts Pcmax, the UE automatically drops one or some part of the multiple physical channels according to the predefined priority. For example, a UE may drop CQI PUCCH when it should transmit PUSCH in a same subframe. eNB may be able to perform DTX detection on the CQI PUCCH to avoid getting wrong CQI information.

Transmit power reduction by a predefined priority as in option 2 in approach 1 above may naturally lead to the channel dropping since large amount of power reduction of a physical channel can be equivalent with dropping that channel in the effect.  

Combination of approach 1 and 2 above will be also possible according to the combination of the uplink channel types. Another possibility is not to define exact UE behaviors other than maximum transmit power limitation over the sum of the transmit powers of the multiple physical channels. Further consideration is necessary on the effect to the scheduler complexity and system throughput depending on the different approaches.
4.1. Summary
In this paper, we consider the approaches for the UE behavior with uplink transmit power limitation in both cases of eNB knowing and not knowing the situation. The summary is as follows.
· For the UEs which eNB knows are with transmit power limitation, single carrier transmission mode as in Rel-8 LTE can be configured.

· For the UEs which eNB does not know are with transmit power limitation, following approaches are considered.

· The UE reduces transmit power automatically

· Option 1) transmit power reduction by a same portion for multiple physical channels

· Option 2) transmit power with a predefined priority depending on the channel types

· The UE drops one or some part of the multiple physical channels by a predefined priority.

In addition, it should be also discussed further whether putting it up to UE implementation without defining detailed UE behaviors is acceptable.
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