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1. Overall Description:
RAN4 would like to thank RAN1 for their LS R1-100816 entitled “UL power control for LTE-A”. RAN4 would like to provide following response to the questions raised in R1-100816.
Question 1

· Maximum power limits

· There is a max power for the total UE transmit power (provided by RAN4)
· RAN1 would like to ask RAN4 opinion on the relationship between multiple PAs in a UE and the UE total transmit power in the context of carrier aggregation.
Since the maximum total UE transmit power is often limited by SAR, the maximum total UE transmit power for carrier aggregation should remain the same as those for single carrier deployments. RAN4 has the opinion that the max power of each PA should remain the same as those for the single carrier deployments, such that the link budget of a carrier aggregation capable UE is not affected in the single carrier operation mode.
· There is a CC-specific max power signalled by the network

· RAN4 should decide on the linkage between the UE PA architecture and the CC-specific max power 

For intra-band carrier aggregation, single PA implementation is most likely for each Tx antenna. For inter-band carrier aggregation, a single PA is likely to be used for each frequency band and each Tx antenna. RAN4 has not established the correlation between UE PA architecture and CC-specific max power other than PCC-specific max, antenna ≤ PPA max, antenna.
Question 2
· Pathloss derivation

· The DL CC used for pathloss derivation for power control of each UL CC is configured by the network (any restrictions on correspondence between DL and UL CCs for this purpose are up to RAN4)

RAN4 has the opinion that it should be possible to derive the pathloss of several UL CCs from the RSRP measurement on a single DL component carrier as long as all of them belong to the same frequency band. Alternatively, an average pathloss across configured component carriers in the same band can be used.

· The requirement regarding the number of DL CCs the UE has to be able to measure is up to RAN4

RAN4 has the opinion that UE should measure at least one DL carrier from each configured band. A UE should be able to perform measurement on any configured DL carrier without measurement gap, although power consumption due to DL measurements should be taken into account.
· There can be cases when the measured DL pathloss is used for UL PC of several UL CCs in the different frequency bands. In those cases offset values and/or scale values (in dB domain) may need to be used to correct the measured value

Predicting path loss on different frequency bands is challenging due to frequency dependent propagation loss and shadowing process. RAN4 could investigate the feasibility of establishing the correction values for carrier imbalance in different frequency band if a strong need has been identified.

Question 3:
RAN1 assumes that maximum power difference between multiple CCs with non-zero transmit power may be limited depending on input from RAN4. Also the maximum power difference of simultaneous PUCCH and PUSCH transmissions on the same CC or same band CC may need to be limited depending on input from RAN4.

RAN4 has the opinion that the power imbalance of different carriers and channels should not impact the eNB reception since similar imbalance exists in multiple UE transmissions. On the other hand, power imbalance could potentially impact UE transmitter characteristics. Although EVM degradation due to carrier imbalance has not been reported as a significant issue in DC-HSUPA studies, the impact of carrier imbalance on LTE carrier aggregation is still under study. In the case where inter-band carrier aggregation is deployed with large path loss differential in different frequency bands, a large power imbalance among CCs might be necessary.
RAN4 would like to inform RAN1 that Rel-8 UL performance requirements imply that a lower transmission power of PUCCH compared to PUSCH is expected in most cases. Since PUCCH is at a much lower power compared to PUSCH, the potential loss due to PUCCH is expected to be small. Detailed EVM impact due to power imbalance between PUCCH and PUSCH could be studied further. Due to this power imbalance, the inter-modulation between PUCCH and PUSCH is expected to be less severe than narrow-band equal PSD PUSCH inter-modulation.
Question 4:

RAN1 is also discussing if antenna specific uplink power control is needed. RAN1 would like to request RAN4 to provide typical/expected values for antenna gain imbalance
Based on analysis on similar topics in DC-HSPA, RAN4 believes the following can be assumed for antenna gain imbalance: 

· The measured data can be approximated by a Gaussian distribution

· The long term imbalance is around -2dB for dongle and Smartphone antennas and is around 0.45dB for balanced antennas. It should be noted that the long-term imbalance reflects the difference in antenna efficiency between the two antennas. It is ultimately decided by the manufacturing process.

· The short term imbalance exceeds +-6dB a significant portion of the time.
ACTION: 
RAN4 would kindly ask RAN1 and RAN2 to take the response provided above into account in LTE-A UL power control design.
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