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1. Introduction
At the RAN1 #58bismeeting the following agreement was reached on UL power control:

· Scope of uplink power control in LTE-Advanced is similar to Rel’8:

· Mainly compensate for slow-varying channel conditions while reducing the interference generated towards neighboring cells 

· Fractional PC or full path-loss compensation  is used on PUSCH and full path-loss compensation on PUCCH

· LTE-Advanced supports component carrier specific UL PC for both contiguous and non-contiguous channel aggregation

· for closed-loop case, and for open loop at least for the cases Many:1 and 1:1 DL:UL CCs

· To be considered during WI phase:

· It is FFS which PC parameters are CC-specific or common to all CCs

· FFS whether it should be possible to derive pathloss of several UL CCs from the RSRP measurement on a single DL component carrier
· Simultaneous transmission of PUSCH and PUCCH is possible in LTE advanced
· How to share power between PUSCH and PUCCH in case of power limitation should be configured by the eNB or defined by a rule. The exact procedure is FFS

· Transmission over multiple component carriers can be realized with a single PA or multiple PAs

· In case of single PA

· UE should scale (or reduce to zero) power on different CCs in case of power limitation. The exact standardized rule is FFS

· The tx power difference between multiple CCs with non-zero transmit power may be limited depending on input from RAN4. The exact standardized rule is FFSs.

· The multiple PA case is FFS.
· UE power headroom reporting in carrier aggregation and/or with simultaneous PUCCH/PUSCH is FFS 
In this document we study the outstanding details in order to narrow down possible options for the WI phase. 

2. Discussion
2.1. CC-specific Power Control Parameters
For contiguous or non-contiguous carrier aggregation (CA) it is reasonable to expect that the power control formulas in each component carrier (CC) would be different due to, possibly, different path losses, traffic patterns and interference profiles of each CC. 
PUSCH

When a UE is configured to transmit the PUSCH on multiple UL component carriers the Rel-8 PUSCH power control formula [1] can be generalized for the kth component carrier as
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where each term is now dependent on the channel, interference profile or traffic conditions in the kth component carrier. It is generally agreed, from several contributions, that the pathloss 
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should be CC-specific. However, it is still an open issue how the UE derives
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. One proposal [2] is for the UE to derive the pathloss by measuring the DL RSRP on an anchor CC, denoted by
[image: image4.wmf]0

k

, similarly to the Rel-8 procedure. Thereafter, the UE applies a CC-specific pathloss offset, which is signaled by the eNB, for each configured UL CC as follows 
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It was stated in [3] that this option assumes that the pathloss on a CC is solely due to free space pathloss, and it was suggested therein that other factors, may also contribute to the pathloss. The implication is that the pathloss equation can be expressed as
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, where 
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is the pathloss component due to other factors. Therefore, it is proposed in [3] to independently measure the RSRP on each configured DL CC. 
It is pertinent to note that the current Rel-8 procedures should be able to correct for this additional term 
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through the TPC commands conveyed by the PDCCH. It should also be noted that in Rel-8 the DL and UL carriers reside in the same frequency band, and thus, the pathloss for UL and DL CCs are assumed to be (approximately) equal. For CA scenarios, where there is at least one DL CC in every band containing an UL CC, the RSRP can be independently measured on each DL CC and used to compute the pathloss for the UL CC. However, since CA is UE-specific, it may be possible in symmetric/asymmetric CA that an UL CC resides in a band, where there is no corresponding DL CC. For such a scenario the UE must apply a CC-specific offset to derive the pathloss for the UL CC. 
An alternative hybrid scheme can be described as follows. The eNB signals the CC-specific pathloss offset to the UE for each configured UL CC, while the UE measures the RSRP on the anchor CC. For multiple DL CCs the UE can be configured to report additional RSRPs but with a much larger reporting period. The eNB can use these additional reports, when available, to adjust the CC-specific pathloss offset. Indeed, measurement and reporting of additional RSRPs could be considered as a special case of inter-frequency RRM measurements. 

Nevertheless, to reduce UE measurement and reporting procedures it is desirable to specify the CC-specific path offset as the baseline for carrier aggregation:
Proposal 1: the eNB signals a CC-specific pathloss offset to the UE for each configured UL CC with respect to the anchor DL CC on which the UE measures the RSRP.

PUCCH

An extract of the agreement on PUCCH in RAN1 #58bis is as follows
· All A/N for a UE can be transmitted on PUCCH in absence of PUSCH transmission

· Support mapping onto one UE specific UL CC

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation

· Support for simultaneous A/N transmission on multiple UL CC is FFS

· One A/N for each DL CC transport block should be supported

· Limited A/N transmission for the DL CC transport blocks should be supported for power limitation
· One SR per UE transmitted on PUCCH

· Semi-statically mapped onto one UE specific UL CC

· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC
CQI and SR are mapped on one UL CC. If A/N signaling is only sent on one CC, e.g. the anchor CC, then the only change to the Rel-8 PUCCH power control is that each TPC command is CC-dependent, based on which DL CC conveyed the PDCCH format. If on the other hand multi-CC PUCCH transmission is supported, at least the pathloss,
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, and TPC command should be CC-dependent.
SRS

The SRS power control equation in [1] can be generalized to 
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where each term is CC-dependent. The range of the SRS offset 
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depends on the MCS-enabled parameter
[image: image12.wmf]{

}

0,1.25

S

K

Î

. Further study is required to determine if this range is satisfactory for CoMP situations because reliable SRS performance is required at multiple cells in the cooperating set.
2.2. Uplink Power Limitation

For carrier aggregation, UL SU-MIMO, and simultaneous transmission of PUSCH and PUCCH (hereafter denoted as Simultaneous_PUSCH_PUCCH), the UE may exceed the configured UE maximum transmit power. For CA and Simultaneous_PUSCH_PUCCH it is desirable to minimize changes to the specification. Thus, as proposed in [5] uplink power limitation scenarios should be controlled, whenever feasible, by eNB scheduling. For scenarios where smart eNB scheduling cannot handle maximum power limitation some simple rules can be followed.

Multiple CC transmission with one PA

For simultaneous PUSCH transmission on multiple CCs using a single PA several power reduction schemes have been proposed to limit the power per CC. One technique proposed in [3] is to reduce the power in each CC by a fixed offset. However, it was noted that one drawback of this scheme is that it may unfairly penalize a CC with a small power allocation. A second scheme proposed in [4] is to scale the power in proportion to the total requested transmit power. Since multi-CC transmission can be viewed as transmission over multiple independent channels,  it is more efficient, in the capacity sense, to scale the power based on the expected spectral efficiency of the PUSCH transmission on the CC [3], [4]. In other words, a water-filling scheme is preferable. An example of a possible standardized rule is as follows
· The eNB computes an MCS for each UL CC as a function of the SINR from the SRS.

· The eNB then computes the relative power allocation for each UL CC to be scheduled, denoted as 
[image: image13.wmf]k

l

where
[image: image14.wmf]1

k

k

l

=

å

. The exact power allocation algorithm is left to eNB implementation.
· The UE is informed of these relative power allocation values by higher-layer signaling. The power scaling is only to be used in the event that the maximum power is exceeded. For such an event the transmit power on the kth CC is given by
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Proposal 2: The eNB provides to the UE, via higher layer signaling, a set of power scaling weights to be used in the event that the maximum power is exceeded in multiple-CC PUSCH transmission.
For SRS transmission the simplest solution would be for the eNB to prohibit simultaneous SRS transmissions from multiple CCs, i.e., eNB configures different SRS periodicities and different SRS subframe offsets for each CC. However, if simultaneous SRS transmission over multiple CCs is permitted, a power limitation rule may be required. One option is to scale the power per CC in proportion to the SRS bandwidth. Similarly to PUSCH transmission the eNB provides, by higher layer signaling a set of weights to be used for such a scenario. In a HetNet environment the eNB may also make use of knowledge of the interference profiles of each CC to determine a power scaling rule.

Proposal 3: Simultaneous SRS transmission from multiple CCs should be avoided by eNB configuration of different SRS periodicities and different SRS subframe offsets per CC. If simultaneous SRS transmission on multiple CCs is supported the eNB provides to the UE, via higher layer signaling, a set of power scaling weights to be used in the event that the maximum power is exceeded.
Multiple PAs are employed for UL SU-MIMO and, possibly, for non-contiguous CA with CCs in different frequency bands. For multiple PAs operating in difference frequency bands it should be noted that the UE maximum power is constrained to satisfy out-of-band (OOB) emission requirements. Therefore, the maximum power requirement should apply per frequency band and, a standardized rule for power reduction, if required is implemented independently for each band. RAN4 input is required to determine if a maximum power difference is needed for this multiple PA scenario. On the other hand for UL SU-MIMO the power should be scaled equally on all antennas in normal conditions. For the case of an antenna gain imbalance the power should be scaled in proportion to the degree of the gain imbalance up to turning of the weaker antenna path. 
For the case of  Simultaneous_PUSCH_PUCCH as much as possible PUCCH transmission power should be prioritized over PUSCH as was proposed in [3]. 
2.3. UE Power Headroom Reporting

The power headroom indicates to the eNB scheduler how much transmit power margin is remaining at the UE. For CA the power headroom may be reported for each CC since there are independent PUSCH power control loops for each CC. Moreover, separate power headroom reports serve as an indication to the eNB of the power efficiency of each PUSCH transmission. On the other hand if the UE is configured for Simultaneous_PUSCH_PUCCH, only one composite power headroom may be required because a single report indicates to the eNB the feasibility of scheduling a UE for Simultaneous_PUSCH_PUCCH. This composite headroom is given by 
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where 
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is the output of the PUCCH power control loop in subframe 
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Proposal 4: There should be separate power headroom reports per UL CC. There should be one composite power headroom report for Simultaneous_PUSCH_PUCCH.

3. Conclusion
This contribution provides further details on LTE-A power control. In particular the following proposals are suggested for RAN1 determination: 
Proposal 1. The eNB signals a CC-specific pathloss offset to the UE for each configured UL CC with respect to the anchor DL CC on which the UE measures the RSRP.
Proposal 2. The eNB provides to the UE, via higher layer signaling, a set of power scaling weights to be used in the event that the maximum power is exceeded in multiple-CC PUSCH transmission. 

Proposal 3. Simultaneous SRS transmission from multiple CCs should be avoided by eNB configuration of different SRS periodicities and different SRS subframe offsets per CC. If simultaneous SRS transmission on multiple CCs is supported the eNB provides to the UE, via higher layer signaling, a set of power scaling weights to be used in the event that the maximum power is exceeded.

Proposal 4. There should be separate power headroom reports per UL CC. There should be one composite power headroom report for Simultaneous_PUSCH_PUCCH.
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