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1.1. Introduction

In RAN1#58bis, CC-specific power control was agreed as a baseline for the uplink power control in LTE-A [1]. In this paper, we discuss and suggest more details of uplink power control of each physical channel based on the agreed baseline assumption. We also discuss and suggest the method of UE maximum transmit power limitation considering multiple UL CC aggregation mainly focusing on the case that single PA is available for the transmission over multiple UL CCs.
2.1. Uplink power control formulas
In this section, we suggest baseline of UL PC formulas for each UL physical channel. It should be noted that we suggest in the next section how to handle the UE maximum TxP, that is, a function such as 
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 in Rel-8 LTE, in case of multiple UL CC aggregation.

2-1. PUSCH 
We suggest the following as the baseline of calculation of PUSCH transmit power 
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 for i-th subframe of c-th component carrier before the adjustment by maximum TxP limitation.
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Regarding parameter j above, the same approach as in Rel-8 LTE can be applied.
· There is a discussion on path-loss difference compensation according to the different carrier frequencies [2][3]. It may be beneficial to be able to set received SNR of all the UL CCs equal for a UE. However, it is unclear how accurate and how fast it should/can be. If compensation by signaling from network is enough, it may be possible utilizing existing offset value 
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 and closed loop power control commands for the compensation. Therefore, further discussion is necessary on the introduction of path-loss difference compensation.

· It should be also further clarified how a UE should achieve UL path-loss value 
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 of c-th component carrier. Basically, a UE may apply path-loss value measured from a single DL CC to multiple UL CCs in a same frequency band while path-loss measurement may have to be performed independently between different frequency bands.
· It should be further studied whether 
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 should reflect MIMO-specific transmission formats. 
2-2. SRS
SRS transmit power calculation 
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 for i-th subframe of c-th component carrier before the adjustment by maximum TxP limitation should follows PUSCH transmit power calculation with additional SRS power offset parameter and independent SRS bandwidth parameter as in Rel-8 LTE as follows. SRS power offset value can be set independently between UL CCs.
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2-3. PUCCH
We suggest the following 
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 as the baseline of PUCCH transmit power calculation for i-th subframe of c-th component carrier before the adjustment by maximum TxP limitation.
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· Details of 
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 should be studied further following the design of new PUCCH contents/formats for LTE-A.

· Introduction of path-loss difference compensation according to the different carrier frequencies follows the discussion on PUSCH power control.

3.1. Maximum transmit power limitation for multiple UL CCs
3-1. Basic approach of maximum transmit power limitation
In case of multiple UL CCs, configuring independent maximum UE transmit power for each UL CC will be beneficial in interference coordination between carriers so that excessive interference in an UL CC between macro-macro and/or macro-femto cells can be inhibited clearly. It should be also noted that UE maximum transmit power between different UL CCs may have to be set different by MPR/A-MPR depending on the carrier band and UE capability [4]. Therefore, we suggest to configure independent UE maximum transmit power for each CC.
In case that a UE is operating over multiple UL CCs, sum of the configured maximum transmit powers of the multiple UL CCs can be set to exceed the UE’s transmit power capability. There fore, it is natural to limit the sum of the UE transmit power on the multiple UL CCs on top of the limitation for each CC. Therefore, we suggest the following approach of the UE maximum transmit power limitation for multiple UL CCs.
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In the above, 
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 notes the actual total transmit power in i-th subframe.
· It should be discussed further whether 
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 simply follows UE transmit power class or further consideration is necessary, which should be mainly RAN4 discussion.

· It should be also noted that if a UE is configured as single carrier transmission mode [5], there will be only one physical channel to be transmitted in a subframe so that the operation of maximum transmit power limitation becomes same with Rel-8 LTE.

3-2. UE behavior under maximum transmit power limitation

When a LTE-A UE transmits multiple physical channels in single/multiple UL CC(s), it should be discussed how to satisfy the UE maximum transmit power limitation suggested in section 3-1 when the UE’s overall transmit power exceeds UE maximum transmit power 
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 or the UE’s transmit power in a UL CC exceeds maximum transmit power limitation in that UL CC 
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For the UE behavior of setting transmit power of multiple physical channels under the transmit power limitation, we consider the following approaches.
Approach 1. Transmit power reduction
When a UE’s required transmit power of multiple channels (e.g. PUSCH + PUSCH, PUCCH + PUSCH, etc.) surmounts 
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, the UE reduces its transmission power under 
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. There can be two options as below.
Option 1) 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 across multiple component carriers, that is, PUSCH + PUSCH, etc.

Option 2) 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.

Between option 1 and option 2 above, option 2 is preferable since priority based transmit power reduction can optimize the satisfaction of the different performance requirements between different physical channels, different importance of the carried information, etc..

Approach 2. Channel dropping by a priority
When a UE’s required transmit power surmounts 
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, 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 be transmitted with PUSCH in a same subframe. Note in this case that the eNB may be able to perform DTX detection on the CQI PUCCH to avoid getting wrong CQI information.
Priority based transmit power reduction as 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 of the channel in the effect.
 Combination of approach 1 and 2 above will be also possible according to the combination of the uplink channel types. It should be also noted that priority based reduction of the option 2 in the approach 1 may naturally lead to the priority based dropping when the UE’s maximum transmit power cannot support multiple channel transmission even with the transmit power reduction.
3-3. Power headroom report for multiple UL CCs

In case of multiple UL CCs, power headroom reporting in Rel-8 LTE can be extended straightly. That is, the UE reports UL power headroom for each UL CC. This is reasonable since the transmit power of the UL physical channels will be controlled separately per UL CC.

Regarding separation of the power headroom report for PUSCH and PUCCH [6], we need more discussion whether there is a good reason to diverge from the Rel-8 LTE specifications.

4.1. Summary
In this paper, we discussed and suggested baseline of UL PC formulas for each physical channel and the method of UE maximum transmit power limitation mainly focusing on the case that single PA is available for the transmission over multiple UL CCs. Suggestions in this paper are summarized as follows.
· Suggested UL PC formulas for each physical channel are shown in section 2
· Additional specification to keep the received SNR same for different DL CCs may not be necessary.

· A UE may apply path-loss value measured from a single DL CC to multiple UL CCs in a same frequency band while path-loss measurement may have to be performed independently between different frequency bands.
· UE maximum transmit power for each CC is configurable. On top of that, limitation to the UE total transmit power over multiple CCs is applied.
· For the UEs under transmit power limitation, either one of combination of the following two approaches can be considered for the multiple physical channel transmission case.

· Approach 1: UE reduces transmit power of physical channels with a predefined priority (e.g. depending on the channel types).
· Approach 2: UE drops one or some part of the multiple physical channels by a predefined priority.

· Regarding the UL power headroom report, UE transmits power headroom report for each UL CC.
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