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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. 
For LTE-A multicarrier operation, the multiple UL carriers may need separate power control. The possible asymmetric UL/DL carrier configuration and cross-carrier operation pose the need to define the rules for mapping and conveying UL TPC commands for such scenarios.

In this document, we address the need for UL power control per carrier and propose the mapping rules appropriate for symmetric/asymmetric UL/DL carrier configuration and with/without cross-carrier operation.
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 needs to be performed per UL carrier. That would enable proper power control on carriers with different operating conditions. 
2.1
Carrier Mapping

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 could carry 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 could carry the TPC commands for the UL carrier paired with the DL carrier indicated by the carrier indicator in the DL grant. Note that for this case, the UL/DL carrier configuration asymmetry has to be considered:

· If NDL>NUL, the TPC commands for one UL carrier possibly transmitted via multiple DL carriers may be combined
· If NDL<NUL, the TPC commands for multiple UL carrier transmitted via single DL carrier has to be addressed. Some possible approaches are 
· Additional bits for TPC commands for multiple carriers are provided in the grant
· The TPC command would correspond to the UL carrier where the feedback is expected on PUCCH

· The same TPC would be applicable to all corresponding UL carriers.
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
· 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 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 Control Formula
The same power control approach as in Rel-8 can be utilized, but now defined per carrier.
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UE transmit power for PUSCH transmission in subframe i on a specific carrier c can be defined by

where
[image: image14.wmf](

)

(

)

(

)

(

)

{

}

i

g

F

n

n

h

PL

P

P

i

P

c

c

HARQ

CQI

c

c

+

D

+

+

+

=

F_PUCCH

c

 

0_PUCCH,

CMAX

c

 

PUCCH,

,

,

min

 is the maximum allowed power configured by higher layers (in SIBs) , 
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is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i, 
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is a parameter composed of the sum of cell specific and a UE specific component provided by higher layers, 
[image: image4.wmf])

(

c

j

a

                                                       is a 3-bit cell specific parameter provided by higher layers, PLc is the downlink pathloss estimate calculated in the UE in dB,
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is  the function of the Transport Block Size and the number of resource elements on carrier c, and 
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 is the current PUSCH power control adjustment state that is a function of the PUSCH TPC command.
Similarly the power control formula for PUCCH transmission in subframe i on a specific carrier c can be defined by
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Where                     is the parameter provided by higher layers corresponding to a PUCCH format (F) relative to the PUCCH format 1a, 
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 is a PUCCH format dependent value, and 
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 is the current PUCCH power control adjustment state that is a function of the PUCCH TPC command.
In the previous formulas it was assumed that all parameters are carrier specific (dependent on c). That covers a general case, but does not preclude that sometimes some of them may be common across carriers.
3
Summary 
In this document, we addressed the need for UL power control per carrier and proposed mapping rules for UE specific and group power control based on Rel-8 design. The mapping rules are applicable to symmetric/asymmetric UL/DL carrier configuration and operation with and without the cross-carrier indication. 
Based on the above discussion, we propose the following

· UL power control is performed per UL carrier
· If there is no cross-carrier indication in the UL/DL grant, 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
· If there is cross-carrier indication in the UL/DL grant

· 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
· DL grant carries the TPC commands for PUCCH power control for the UL carrier paired with the DL carrier indicated by the carrier indicator in the DL grant
· If NDL>NUL, the TPC commands for one UL carrier possibly transmitted via multiple DL carriers may be combined

· If NDL<NUL, the TPC commands for multiple UL carrier transmitted via single DL carrier are FFS

· 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.
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