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1
Introduction
In RAN1#58bis basic functionality of uplink power control for LTE-A were agreed and further details were slated for further study as shown in the excerpt from chairman noted below. 

· 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 propose further uplink power control design details for LTE-A. 
2
Discussion
2.1 Extending Rel8 UL PC for Carrier Aggregation
2.1.1 UL PC of PUSCH with Carrier Aggregation

Power of PUSCH transmissions for LTE Rel8 is set by the following formula [1]
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Considering the agreement in RAN1#58bis to support component carrier (CC) specific UL PC, all the parameters in the Rel8 power control equation can be configured on a per CC basis. 
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Where
· MPUSCH is the PUSCH resource allocation bandwidth signalled to UE terms of number of RBs allocated to the UE in the subframe.

·  Can be specific for each CC k and signalled to the UE in UL grant corresponding to the kth CC and ith subframe
· P0_PUSCH and  are the long term power control parameters

· Can be specific for each CC k and signalled to the UE via RRC signalling (Broadcast and UE specific) corresponding to each CC.
· f  is the function that depends on UE specific power correction value 
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 can be specific for each CC signalled to the UE in the UL grant corresponding to that CC
· 
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 is the Modulation and Coding Scheme (MCS) based transmission power offset

· Can be specific for each CC k and determined by the UE based on CC specific RRC signalling.

· PCMAX is the configured maximum UE transmit power

· Can be specific for each CC k and is determined by the UE based on CC specific RRC signalling and Maximum Power Reduction/Additional-Maximum Power Reduction (MPR/A-MPR) requirements specific to each CC. 
· While a CC specific maximum power value is useful to cover the scenarios where the regulatory requirements on each CC are different, there still needs to be a ‘global Pcmax’ value that limits the cumulative UE transmit power.

· PL is the downlink pathloss estimate calculated in the UE in dB and PL = referenceSignalPower – higher layer filtered RSRP
· Can be specific to each CC based on the RSRP measurements made on each CC.

Path loss can be computed by the UE on a per CC basis if the UE is configured to report RSRP measurements for each CC. However, if the UE is not configured for RSRP reporting on each CC, then as described in [2], the UE can use RSRP measured on the ‘anchor CC’ to estimate the path loss of CCs on which RSRP is not being measured. 
Any path loss difference between the “anchor CC” and other CCs due to frequency separation induced propagation differences can be accounted for at the network either by appropriately adjusting the P0_PUSCH  value of each CC or by using TPC commands. 
Proposals:
· It should be possible to configure parameters P0_PUSCH,  , 
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, PCMAX  on a per component carrier basis.
· When RSRP measurements are not available for a particular CC, UE can use the RSRP measured on anchor CC to compute path loss (PL) for that CC.(It is FFS(RAN2) whether RSRP measurements will be configured on all CCs)
2.1.2 UL PC of PUCCH with Carrier Aggregation

Several aspects of PUCCH design for Carrier Aggregation in LTE Rel 10 are currently FFS. However, it has been agreed in RAN1#58bis that it shall be possible to map A/N and CSI of several downlink CCs on to one uplink CC. This allows the possibility of configuring the UE to transmit PUCCH on only one UL CC (anchor CC). For this case, power control for PUCCH can follow the Rel8 formula with TPC commands on PUCCH embedded in the DL assignments or DCI format 3/3A messages on the anchor DL carrier.
Proposal:
· For the case where PUCCH is transmitted on only one UL CC, PUCCH power control for that CC follows Rel8 procedure.
2.2 UL PC for Simultaneous PUSCH and PUCCH Transmission

In RAN1#55bis, RAN1 decided that in addition to TDM type multiplexing between PUSCH and PUCCH that is currently done in LTE Rel8, LTE Rel10 will also support simultaneous PUCCH and PUSCH transmission in the same subframe in the same uplink component carrier. 
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Figure 1- Simultaneous PUSCH and PUCCH transmission for LTE Rel10
Rel8 power control design (in RAN1 specs) and power control accuracy/transmitter requirements (in RAN4 specs) were tailored for the case of TDM multiplexing between PUSCH and PUCCH. Power control design for simultaneous PUSCH&PUCCH transmissions on the same carrier should take the following additional considerations into account
· Power sharing between PUSCH and PUCCH transmissions to maximise system performance. 

· Several options are being discussed in RAN1 for example in [3],[4]. 

· Impact of simultaneous PUSCH&PUCCH transmissions on various UE transmitter requirements such as RF emissions (Spectral emissions mask, in-band emissions), transmitter accuracy (EVM) and power control accuracy.
· RAN4 discussions needed.
We discuss methods of power sharing between PUSCH and PUCCH transmissions in a companion contribution R1-100201 [5]. However, we believe that impact on RAN4 requirements such as Spectral emissions mask, EVM and In-band emissions should also be considered before RAN1 finalises a power control design for simultaneous PUSCH and PUCCH transmissions.  
Proposal:

· Power control design for simultaneous PUSCH&PUCCH transmissions should also take into account impact on RAN4 requirements such as Spectral emissions mask, EVM and In-band emissions.
3
Conclusions

We propose the following

PUSCH Power Control with CA
· It should be possible to configure parameters P0_PUSCH,  , 
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, PCMAX  on a per component carrier basis.
· When RSRP measurements are not available for a particular CC, UE can use the RSRP measured on anchor CC to compute path loss (PL) for that CC.(It is FFS(RAN2) whether RSRP measurements will be configured on all CCs)

PUCCH Power Control with CA
· For the case where PUCCH is transmitted on only one UL CC, PUCCH power control for that CC follows Rel8 procedure.

Simultaneous PUSCH&PUCCH Power Control
· Power control design for simultaneous PUSCH&PUCCH transmissions should also take into account impact on RAN4 requirements such as Spectral emissions mask, EVM and In-band emissions.
4
References

[1] 3GPP TS 36.213v8.8.0, “EUTRA Physical Layer Procedures”, December 2009.
[2] R1-093906, “Uplink Power Control for LTE-Advanced”
, Nokia Siemens Networks, Nokia, 3GPP RAN1#58bis, Miyazaki, Japan, October 2009.
[3] R1-093250, “Uplink transmission under UE transmit power limitation in LTE-Advanced”, LG Electronics, 3GPP RAN1#58, Shenzhen, China, August 2009.
[4] R1-094274, “Uplink Power Control for Carrier Aggregation”, Ericsson, ST-Ericsson, 3GPP RAN1#58bis, Miyazaki, Japan, October 2009.
[5] R1-100201, “ULPC: Simultaneous transmission of PUCCH and PUSCH in case of power limitation”, Motorola, 3GPP RAN1#59, Valencia, Spain.































































_1324711695.unknown

_1324711721.unknown

_1262989733.unknown

_1302350661.unknown

