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Discussion/Decision
1
Summary
The purpose of this contribution is to compare the proposed UL power control design approaches ([2][3][4]) for LTE-A UL carrier aggregation.

Based on this comparison, we suggest that the principle of CC specific power control should be endorsed for PUSCH, PUCCH, and SRS transmission, respectively, in at least one mode of operation. Further recommendations for issues left FFS are provided.
2
Introduction

LTE-A BW Extension will allow for carrier aggregation by the use of more than one component carrier (CC) in the DL and UL directions. Carrier aggregation supports both contiguous and non-contiguous resource allocation scenarios, and also allows for multiple CCs to be located in different bands. In addition, it has been agreed that LTE-A also supports simultaneous PUSCH/PUCCH transmission. 

The power control design for LTE-A UL is required to take into account the new LTE-A features which were not a part of LTE Release 8. It is anticipated that the main scope of UL power control for LTE-A would be very similar to that for LTE, e.g., to compensate for long term channel fading, while managing the inter-cell interference. Accordingly, it is desirable that the LTE-A power control is based on the LTE power control specified in [1] with some, preferably minimal, modification of applicable parameters and their signalling and UE behaviour for each UL physical channel transmission and SRS transmission in LTE-A.

In [2][3][4], several companies’ views on UL power control for LTE-A were presented. A general consensus seems to be that the power control in UL carrier aggregation should be CC specific, at least for the case of non-contiguous carrier aggregation, taking into account several carrier aggregation related factors including possibly different propagation channel conditions and interference conditions on different CCs. 
In Section 3, we compare the views of the three cited references in order to determine where there is basic consensus and where further work may be needed. In Section 4, we propose recommendation for the way forward. 
3
Comparisons of UL PC Approaches for LTE-A
Table 1 provides a summary of the similarities and differences among the three referenced documents. The remarks in the most right-hand column of the table try to capture where contributions appear to agree, and where future study may be needed.
Table 1. Comparison summary of the proposals/discussions in [2][3][4]

	
	Ref. [2], NSN, Nokia
	Ref. [3], Samsung
	Ref. [4], RIM
	Remarks

	General principle 
	CC specific power control (based on LTE Release 8 )
	CC specific power control (based on the LTE PC operation)
	CC specific power control
	Baseline mode of operation, with optimizations (or need thereof FFS)

	PC for PUSCH
	CC specific open loop parameters, including Po, α, and PL
CC specific PL: using a CC specific PL offset, (PL, signalled from the network

CC specific TPC command, possibly also having a single UE-specific TPC command
	CC specific open loop parameters including, Po_PUSCH, α, and PL

RSRP measurements on each CC should be required. 

Concern with using a CC specific PL offset, (PL, which is proposed in [2]

CC specific TPC command

Special rules when Pcmax is reached in LTE-A
	CC specific open loop parameters including, Po_PUSCH, α, and PL

Concern with using a CC specific PL offset predicted by the eNB

CC specific TPC command or a single TPC command for all CCs
	FFS: whether PL measurements on each configured CC are required.

Baseline mode of operation is TPC command could be configured to be CC specific, and FFS to have a single UE specific TPC command for all CC’s.

	PC for PUCCH
	N/A
	CC specific open loop parameters including, Po_PUCCH, and PL
CC specific TPC command

Possibly, different TPC commands for different PUCCH regions on a CC

Special rules when Pcmax is reached in LTE-A
	N/A
	Items proposed by Ref. [3] were flagged FFS

	PC for SRS
	N/A
	CC specific open loop parameters including, PSRS_OFFSET , PL, and possibly MSRS
	N/A
	

	PH reporting
	N/A
	N/A
	PH reporting for each CC

FFS whether PH reporting per band provide a feasible solution to reduce the signalling overhead
	FFS: whether PH reporting is configurable per CC, per band, or for all CCs.

	PC with multiple CCs and/or UL MIMO
	Apply same PL on different Tx antennas

FFS whether introducing standardized mechanisms is necessary in the case of multiple CCs using the same PA, (i) to reduce the UE Tx power for the maximum UE Tx power limitation, (ii) to limit  the maximum power difference between CCs


	PL measurement per UE Tx antenna

FFS whether it is useful to allow different value of Pcmax per Tx antenna
	N/A
	FFS: whether the same PL is applied on different Tx antenna or PL per antenna

FFS: whether introducing standardized mechanisms is necessary in the case of multiple CCs using the same PA, (i) to reduce the UE Tx power for  the maximum UE Tx power limitation, (ii) to limit  the maximum power difference between CCs


4
Conclusions and Recommendations

The LTE transmit power control scheme should be extended to LTE-A with minimum necessary modifications to the R8 8 power control. These changes should address all applicable parameters and their signalling and UE behaviour for each UL transmission in LTE-A, taking into account the LTE-A specific features including carrier aggregation, simultaneous PUSCH/PUCCH transmission, and UL MIMO.
In section 3 of this document, we compared three UL power control design approaches for LTE-A. All contributions suggest component carrier (CC) specific power control for LTE-A UL carrier aggregation.

Based on this comparison, we suggest endorsing the following working assumptions with respect to the way forward for UL power control for LTE-A bandwidth extension:
Proposal:
· Component-carrier specific power control shall be applied to PUSCH, PUCCH, and SRS transmissions, respectively as baseline mode of operation, including open-loop parameters Po, α, and PL

· Component-carrier specific TPC commands are supported as baseline mode of operation
· Items for further study, amongst others:

· Possibility for component-carrier specific power-control optimizations for the case of non-contiguous carrier aggregation

· How to derive component carrier-specific PL for each configured component carrier with BW Extension
· Whether to apply per Tx antenna PL (or not) with UL MIMO
· Single UE-specific TPC command (in addition to CC-specific TPC commands)
· UE behaviour when maximum UE transmit power is reached
· Need for limitations on admissible maximum power differences between CCs in the case of multiple CCs using the same PA

· UE power headroom (PH) reporting, i.e. whether defined/configurable per CC, per band, or for all CCs.
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