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1. Introduction

In RAN1 #59bis and the following email discussion, the followings were agreed for uplink transmission power control in LTE-A:
Which PC parameters are CC-specific?

· P0_PUSCH, P0_PUCCH,  , 
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, are CC-specific

· There is a max power for the total UE transmit power (provided by RAN4)
· Handling of multiple PAs is FFS (discuss offline whether an LS to RAN4 is needed)
· There is a CC-specific max power 
Pathloss derivation

· The DL CC used for pathloss derivation for power control of each UL CC is configured by the network (any restrictions on correspondence between DL and UL CCs for this purpose are up to RAN4)

· Whether a pathloss offset per CC needs to be signalled to the UE is FFS

· The number of DL CCs measured is up to RAN4
TPC command transmission

· TPC in UL grant

· is applied to UL CC for which the grant applies

· TPC in DL grant

· is applied to UL CC on which the ACK/NACK is transmitted

· Case of multiple DL grants and ACK/NACK transmission in a single UL CC is FFS (how to interpret multiple PC commands)

· TPC in DCI format 3/3A

· For PUCCH

· FFS

· For PUSCH

· FFS

· In addition, the need for CIF is FFS (treat under AI 7.1.4)

· FFS: which DL CCs the UE searches for Format 3/3A
PHR

· Per CC 

· PHR report should include CC specific reports for PUCCH/ PUSCH

· FFS whether individual or combined PUCCH/PUSCH PHR
Max power scaling

· Starting point:

· PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)

· scaling is per channel

· Not to reduce power of PUSCH with UCI should be considered

· Detailed formula is FFS
Power control for multiple antennas

· FFS

Generally, uplink power control in LTE-A shall align with Rel-8 as much as possible. In this document, we share our views on several open issues of uplink power control.

2. Discussion 

Based on the conclusions for UL power control from RAN1 #59bis meeting, we further discuss several related topics on UL power control in LTE-A.

2.1. Pathloss derivation 
In RAN1 #59bis, it was agreed that the DL CC used for pathloss derivation for power control of each UL CC is configured by the network. Generally, in case of contiguous carrier aggregation, pathloss derived from different DL CCs will not have essential difference, since the radio propagation characteristic is similar within the same band. In case of non-contiguous carrier aggregation, the DL CC configured to measure the RSRP may be in other band. Therefore, in order to reflect the different propagation condition in different bands, it is preferable to introduce a pathloss offset. On the other hand, RAN4 indicates in [14] that it may not be feasible to use a DL CC in one band to estimate the pathloss for an UL CC in another band. Therefore, we have the following proposal:
Proposal 1: Whether it shall be supported for use a DL CC in one band to estimate the pathloss for an UL CC in another carrier is up to RAN4 decision.
2.2. TPC command transmission
In case UE receives multiple PUCCH TPC commands in a sub-frame, the simplest approach is that UE shall follow one of the PUCCH TPC commands. Therefore, we have the following proposal:

Proposal 2: The PUCCH TPC commands in multiple DL grants for a UE in a sub-frame shall be the same, and the UE shall use one of the received PUCCH TPC commands.
Group TPC commands can be transmitted with DCI format 3/3A. In order to multiplex Rel-8 and Rel-10 UEs’ TPC commands in the same DCI format 3/3A, it is preferable that the size of DCI format 3/3A in LTE-A remains the same as Rel-8. There are several possible use cases for TPC commands with DCI format 3/3A.
Case1: TPC commands in DCI format3/3A for SPS PUSCH.

RAN2 has agreed that there is at most one UL SPS grant per UE in case of carrier aggregation. Thus, a UE at most has one SPS PUSCH in a sub-frame. From this perspective, TPC commands in DCI format 3/3A does not need to have CIF. In other words, UE applies the TPC commands received in DCI format 3/3A to the UL carrier where UL SPS is configured and activated. Hence, Rel-8 DCI format 3/3A can be completely reused in Rel-10 carrier aggregation. Note that the TPC commands in the same DCI format 3/3A for different UEs may apply to different UL carriers, if those UEs’ SPS are configured and activated on different UL carriers.
Case2: TPC commands in DCI format3/3A for SRS.

Another use case for TPC commands in DCI format 3/3A is to control the transmit power of SRS. If a UE is configured to periodically transmit SRS on multiple UL carriers, cross carrier TPC commands in DCI format 3/3A is beneficial. There are several options to enable cross carrier TPC commands in DCI format 3/3A:

· Option1: Each UE has one TPC-PUSCH-RNTI and each UL CC is configured with a tpc-index in the DCI format 3/3A [1]-[3].

· Option2: A UE can be configured with multiple TPC-PUSCH-RNTIs and tpc-indices, and each UL CC has a corresponding TPC-PUSCH-RNTI and a tpc-index [1] [4].

· Option3: CIF (carrier indicator field) bits are inserted in DCI format 3/3A by puncturing some bits while maintaining the Rel-8 DCI format 3/3A payload size [4]-[5].

All of the above options can be Rel-8 backward compatible. Option2 with multiple TPC-PUSCH-RNTIs increases the PDCCH false detection probability, and thus not preferable. Option3 inserts CIF within DCI format 3/3A and thus reduces the multiplexing capacity of DCI format 3/3A. Therefore, Option 1 seems to be favorable.
Case3: TPC commands in DCI format3/3A for PUSCH non-adaptive retransmissions.

TPC commands in DCI format 3/3A may be used for PUSCH non-adaptive retransmission triggered by a NACK on PHICH. However, this is not a typical use case for TPC commands in DCI format 3/3A, for the following reasons: 
· For adaptive PUSCH retransmission, TPC command is sent in the UL grant. 
· For non-adaptive PUSCH retransmissions, TPC commands with DCI format 3/3A saves PDCCH overhead only if there are multiple UEs with the same TPC-PUSCH-RNTI are performing non-adaptive PUSCH retransmissions, which is of small probability.
Case4: TPC commands in DCI format3/3A for PUCCH transmissions.

Considering that a UE can only transmit PUCCH with A/N, SR, and periodic CSI on a single UE-specific UL CC is agreed in [6], Rel-8 DCI format 3/3A can be completely reused for PUCCH TPC commands. Thus, It is sufficient to configure each UE with one TPC-PUCCH-RNTI and one tpc-index. There is no need to have CIF in DCI format 3/3A, and the TPC commands in the same DCI format 3/3A for different UEs may apply to different UL CCs, if those UEs’ UE-specific UL CC are configured on different UL carriers.

Given the above analysis, we have the following proposal:
Proposal 3: Cross carrier TPC with DCI format 3/3A is beneficial for controlling SRS transmit power on multiple UL carriers. In case cross carrier TPC with DCI format 3/3A is supported, higher layers shall configure a tpc-index for each UL carrier.
2.3. Power headroom report
Power headroom in Rel-8 represents the difference between the allowed UE maximum transmit power PCMAX and the current PUSCH transmit power. UE shall report power headroom (i.e. PHR) to its serving eNB for its scheduling decision. While CC-specific PHR is agreed in RAN1 #59bis, the details on PHR are FFS. 

For UEs not supporting concurrent PUSCH and PUCCH transmission, Rel-8 PHR can be reused per CC. For UEs supporting concurrent PUSCH and PUCCH transmission on one UL CC, eNB cannot know accurately how much power the PUCCH is consuming and how much power can be used for PUSCH transmission, if the UE only reports one PHR [1][5]. Thus, a complementary report shall be considered. Hence, we have:
Proposal 4: For a UE not supporting concurrent PUSCH/PUCCH transmission, the UE only reports one PHR 
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2.4. Power scaling strategy in case of power limitation 

Although eNB sometimes may avoid power limitation for a UE by scheduling, power limitation can still occur when UE is scheduled on several CCs with PUSCH and/or PUCCH transmission. For non-continuous carrier aggregation, each component carrier may have a specific PA. Hence, the strategy of handling power limitation can be the same as Rel-8, in case each band comprises only one carrier. 

For continuous carrier aggregation, one PA may be used to transmit signals on multiple CCs. As it is agreed in RAN1 #59bis, there will be a UE-specific max power and UE/CC-specific max power for a UE. RAN4 indicates in [14] that the UE-specific max power and UE/CC-specific max power is of the same value. 
When the maximum transmission power is reached, there are several options to handle power limitation, such as to reduce the power of each PUSCH with an equal quantity [8], or to reduce the transmission power with different power scaling weights predefined by higher layer [9], or to define the priority for each PUSCH by higher layer or according to its QoS [1] [10] [11], or to provide guideline with a small number of rules to enforce UE behaviors [12]. As it is agreed in RAN1 #59bis meeting to prioritize on PUCCH, the power of PUSCH transmission shall be reduced first when the maximum transmit power is reached. With the LS in [13], the response from RAN2 can impact the detailed design of power scaling strategy in case of power limitation. In general, we prefer the following prioritization of different UL signals, from highest priority to low priority:

· UL ACK/NAK on PUCCH
· PUSCH transmission with ACK/NAK embedded in PUSCH PRBs

· Scheduling request indictor on PUCCH
· CQI on PUCCH
· PUSCH transmission with CQI embedded in PUSCH PRBs

· PUSCH only transmission

Proposal 5: Define different priorities for different UL signals. The transmit power for high priority signals shall be maintained. The remaining transmit power can be used for the signal with next priority.  
3. Conclusions

In this contribution, several aspects of UL power control in LTE-A are discussed. We currently have the following proposals:
Proposal 1: Whether it shall be supported for use a DL CC in one band to estimate the pathloss for an UL CC in another carrier is up to RAN4 decision.
Proposal 2: The PUCCH TPC commands in multiple DL grants for a UE in a subframe shall be the same, and the UE shall use one of the received PUCCH TPC commands.
Proposal 3: Cross carrier TPC with DCI format 3/3A is beneficial for controlling SRS transmit power on multiple UL carriers. In case cross carrier TPC with DCI format 3/3A is supported, higher layers shall configure a tpc-index for each UL carrier.
Proposal 4: For a UE not supporting concurrent PUSCH/PUCCH transmission, the UE only reports one PHR 
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Proposal 5: Define different priorities for different UL signals. The transmit power for high priority signals shall be maintained. The remaining transmit power can be used for the signal with next priority. The priorities of different UL signals, from highest to lowest, can be

· UL ACK/NAK on PUCCH

· PUSCH transmission with ACK/NAK embedded in PUSCH PRBs

· Scheduling request indictor on PUCCH

· CQI on PUCCH

· PUSCH transmission with CQI embedded in PUSCH PRBs

· PUSCH only transmission
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