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1
Introduction
In LTE, the power control commands for PUSCH are conveyed in UL grant and for PUCCH are conveyed in DL grant. In addition to that, the group power control commands for PUSCH and PUCCH can be transmitted on DL using the DCI formats 3/3A. The Rel-8 UL/DL grant transmitted on the DL carrier carries the UL transmit power control (TPC) commands to the target UE for the UL paired with that DL carrier. 
At the RAN1 #58bis meeting it was decided that the scope of uplink power control in LTE-Advanced is similar to Rel-8 and that LTE-Advanced supports component carrier (CC) specific UL power control for both contiguous and non-contiguous channel aggregation. At the RAN1#59bis it was adopted which PC parameters are CC-specific (P0_PUSCH, P0_PUCCH, α, δPUSCH, ΔTF), that there is a max power for the total UE transmit power (provided by RAN4) a CC-specific max power. It was also concluded that TPC in UL grant is applied to UL CC for which the grant applies, and TPC in DL grant is applied to UL CC on which the ACK/NACK is transmitted. The power headroom report (PHR) shall be provided per CC and in the power limited scenario, the PUCCH power is prioritized while the remaining power may be used by PUSCH.
In this document, we address the possible approaches to provide for cross-carrier operation for group TPC commands in the lack of the carrier indicator field in 3/3A DCI format. We also consider the open questions related to the power sharing between PUSCH and PUCCH in power limited scenario, and power headroom reporting.
2 Discussion
In LTE-A multicarrier system, the UL carriers can be located in different frequency bands and therefore experience very different channel characteristics. Also, different interference scenarios even in contiguous bandwidths in heterogeneous network deployments may impose different operating points and requirements on UE transmit power on UL [1].
Hence, due to the possible operation in separate frequency bands and flexibility for the purpose of interference management, UL power control is to be performed per UL carrier. That enables proper power control on carriers with different operating conditions.

2.1
Cross-carrier Operation for Group TPC Commands
In Rel-8, the power control commands for PUSCH are conveyed in UL grant and for PUCCH are conveyed in DL grant. In addition to that, the group power control commands for PUSCH and PUCCH can be transmitted on DL using the DCI formats 3/3A. The Rel-8 UL/DL grant sent on one DL carrier carries UL TPC commands to the target UE for the UL paired with that DL carrier.
As in Rel-8, the LTE-A TPC commands for PUSCH are conveyed in UL grant and for PUCCH are conveyed in DL grant, utilizing the TPC field in the relevant DCI formats. 

In case of no cross-carrier operation and symmetric UL/DL carrier configuration, the procedure is the same as in Rel-8: UL/DL grant transmitted on a DL carrier carries the PUSCH/PUCCH TPC commands to the target UE for the UL carrier paired with that DL carrier.
When cross-carrier operation is enabled, the UL grant carries the TPC commands for PUSCH power control for the corresponding UL carrier, as indicated by the carrier indicator in the UL grant. Similarly, for PUCCH power control, the DL grant carries the TPC commands for the UL carrier on which the ACK/NACK is transmitted. In case where one UL carries ACK/NACK for more than one DL carriers, the TPC commands for one UL carrier possibly transmitted via multiple DL carriers has to be handled appropriately (e.g. combined or treated as repetition of a single command).
Group TPC commands for an UL carrier are conveyed on the DL carrier(s) configured by higher layers. Assuming that the DCI formats 3/3A do not have carrier indicator (in order to provide for backward compatibility and coexistence with Rel-8 UEs), the possible ways to obtain the cross-carrier operation are
· Parameter tpc-Index provided by the higher layers that determines the index to the TPC command for a given UE is conveyed to the UE per carrier
· The instances of the power control updates are the same for all carriers UE is monitoring. However, if configured for DCI format 3, the change can be set to zero for the carriers that do not need power correction 
· A UE has a single TPC-PUCCH-RNTI/TPC-PUSCH-RNTI 

· A UE is provided with TPC-PUCCH-RNTI and TPC-PUSCH-RNTI per carrier with a single tpc-Index for each group
· Multiple TPC-PUCCH-RNTIs may be needed in case UL carriers configured for CQI feedback, SR and UL ACK/NACK are different and/or it is desirable to have the option of power controlling UL ACK/NACK with the group TPC in addition to TPC in the DL grant
· A UE may be configured for multiple TPC-PUCCH-RNTIs/TPC-PUSCH-RNTIs and for each group defined by the RNTI, one or more tpc-Index is provided
· The exact mapping of the indexes to carriers is higher layer configured. For example, a UE may be configured with TPC-PUSCH-RNTI1 with tpc-Index1 and tpc-Index2 corresponding to the carriers 1 and 2, and TPC-PUSCH-RNTI2 with tpc-Index3 corresponding to the carrier 3.
The last approach offers the full flexibility in conveying the group TPC commands for multiple carriers. It allows different carriers to be updated on different time instances, adapting to the possibly different power control needs. If it is acceptable that all carriers are updated at the same time, network may configure only a single TPC-PUCCH-RNTI/TPC-PUSCH-RNTI to a UE with appropriate tpc-Indexes, in which case it becomes equivalent to the first approach.
2.2
Power Sharing Between PUSCH and PUCCH

Rel-10 provides for ability to send PUCCH and PUSCH concurrently. This can provide for reliable PUCCH by application of separate power control from PUSCH, and interference management techniques applied to PUCCH specifically. In case of power limited UE, PUCCH transmission(s) is prioritized over the PUSCH transmission(s). We propose the following procedure for power distribution of PUCCH and PUSCH over multiple carriers in case of a power limited UE:
· ACK/NACK feedback of all carriers is accommodated first

· PUCCH on the anchor carrier is then accommodated
· In case multiple of multiple PUCCH instances, the power is prioritized according to the following list
· ACK/NACK
· Scheduling request
· Rank indicator
· CQI/PMI
· RRC and MAC signalling (power headroom report, measurement reports …) sent on PUSCH should have priority over PUCCH transmissions other than ACK/NAK and other PUSCHs

· Then, accommodate PUSCH across carriers
· Power scaling based on carrier priority is desirable to be able to adequately support delay sensitive traffic in a carrier aggregation setting 
· UL carrier with SPS assignment is considered high priority carrier, and power assignment to that carrier is prioritized by the UE

· For the remaining UL carriers, UE multiplexes QoS sensitive data on a carrier of its choice and is allowed to prioritize power allocation of that carrier relative to other carriers
· This is analogous to the Rel-8 principles for  mapping of logical channels to physical resources (not specified and left to the UE implementation)
· SRS transmission prioritization should be investigated for UEs supporting multiple PAs in Rel-10
The UE behavior described here applies to the Rel-10 operation with concurrent PUCCH and PUSCH, clustered data transmission on PUSCH, and possible multicarrier operation. 
If based on PHR reports the network determines that a UE operating with PUCCH/PUSCH concurrent transmission is reaching max power, it could reconfigure the UE to operate in Rel-8 mode [2].
2.2
Power Headroom Reporting

Rel-8 power headroom reporting procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for PUSCH transmission. 
Due to the possible path-loss estimate uncertainties for different UL carriers and independent TPC command errors across carriers and PHY channels (PUCCH and PUSCH), it is desirable to convey power headroom information such that eNodeB can know how much of the total UE Tx power is utilized on each carrier and PUCCH/PUSCH.  

3
Summary 
In this document, we discussed the possible approaches to provide for cross-carrier operation for group TPC commands in the lack of the carrier indicator field in 3/3A DCI format. We also considered the open questions related to the power sharing between PUSCH and PUCCH in power limited scenario, and power headroom reporting.

Based on the above discussion, we propose the following

· Group TPC commands are conveyed on the DL carrier(s) configured by the higher layers
· A UE may be configured for multiple TPC-PUCCH-RNTIs/TPC-PUSCH-RNTIs and for each group defined by the RNTI, one or more tpc-Index(es), each index corresponding to one configured UL carrier, is provided
· In case of a power limited UE
· ACK/NACK feedback of all carriers is accommodated first

· PUCCH on the anchor carrier is then accommodated

· In case multiple of multiple PUCCH instances, the power is prioritized according to the following list

1. ACK/NACK

2. Scheduling request 

3. Rank indicator 

4. CQI/PMI

· RRC and MAC signalling (power headroom report, measurement reports …) sent on PUSCH should have priority over PUCCH transmissions other than ACK/NAK and other PUSCHs

· Then, accommodate PUSCH across carriers

· Power scaling based on carrier priority is desirable to be able to adequately support delay sensitive traffic in a carrier aggregation setting 

· UL carrier with SPS assignment is considered high priority carrier, and power assignment to that carrier is prioritized by the UE

· For the remaining UL carriers, UE multiplexes QoS sensitive data on a carrier of its choice and is allowed to prioritize power allocation of that carrier relative to other carriers

· This is analogous to the Rel-8 principles for  mapping of logical channels to physical resources (not specified and left to the UE implementation)

· SRS transmission prioritization should be investigated for UEs supporting multiple PAs in Rel-10
· UE provides power headroom report per configured UL carrier for each PUSCH and PUCCH configured
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