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1 Introduction
During RAN1 59bis meeting, UL PC in CA was discussed and RAN1 has reached some agreements on maximum power limit, pathloss deviation and power scaling[1].  The following issues related to PA remain open for RAN4’s options:
· 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.

· 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
· 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.
· Power headroom reporting
· Per CC 

· FFS whether or not PHR is per channel (i.e. PUSCH / PUCCH) within each CC

· Max power scaling

· Starting point:

· PUCCH power is prioritised; remaining power may be used by PUSCH (i.e. PUSCH power is scaled down first, maybe to zero)

· scaling is per channel

· Detailed formula is FFS
· Power control for multiple antennas

· 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.
As shown in this list of questions from RAN1, the UL power control depends tightly on the UE TX architecture, especially on the number of PA in CA and MIMO. In this paper, we first analyze the possible UE Tx architectures in LTE-A and then give our opinions on UL power control design from RAN4 point of view.
2 UE Tx Architecture for CA and MIMO
During RAN4 ad hoc meeting in Sophia Antipolis, the following band scenarios for Rel-10 WI were agreed in principle [2]:
Intra-band Contiguous CA
· FDD: UL: 40 MHz, DL: 40 MHz in Band 3 (1800 MHz)

· TDD: UL/DL: 50 MHz in Band 40 (2300 MHz)

Inter-band Non-contiguous CA
· Region 1

· 40 MHz UL/DL: 20 MHz CC (Band 7) + 20 MHz CC (Band 20)
· 40 MHz UL/DL: 20 MHz CC (Band 3) + 20 MHz CC (Band 20)

· 40 MHz UL/DL: 20 MHz (Band 7) + 20 MHz CC (Band 3)

· Region 2

· 20MHz UL/DL: 10 MHz CC (Band 5) + 10 MHz CC (Band 12), FDD
· 10MHz UL/DL:5MHz CC (Band 17) + 5MHz CC (Band 4), FDD 
· TBD
· Region 3

· 20 MHz UL/DL: 10 MHz CC (Band 1) + 10 MHz CC (Band 18/19)

· 40MHz UL/DL: 20 MHz CC (Band 38) + 20 MHz CC (Band 40)
Intra-band Non-contiguous CA

· FDD: None
· TDD: None
Following table shows some possible UE TX architectures to meet the CA requirements [3][4][9].
Table 1 UE TX Architectures in CA 

	CA Scenarios
	Type
	UE TX architectures
	TX chain properties

	Intra-band 40MHz Contiguous CA
	I.A
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	· Single TX Chain

· One PA

· Single Antenna

· Max UL BW per Tx chain is 40MHz

	
	I.B
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	· 2 TX Chain

· 2PA

· Single Antenna

· Max UL BW per Tx chain is 20MHz

	
	I.C
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	· 2 TX Chain

· 2PA

· 2 Antenna

· Max UL BW per Tx chain is 20MHz

	Inter-band Non-contiguous CA
	II.B
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	· 2 TX Chain

· 2 PA

· Single Antenna

· Max UL BW per Tx chain is 20MHz

	
	II.C
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	· 2 TX Chain

· 2 PA

· 2 Antenna

· Max UL BW per Tx chain is 20MHz


For the intra-band contiguous CA, the Pros. of the architecture I.A is that it contains only one TX chain which is space saving. The Cons. of this architecture is that wideband RF component is more power consuming than narrowband RF components, especially when the uplink data rate is lower, for example, when less than 20MHz bandwidth is needed. The Cons. of architecture I.B and I.C is that more than one Tx chains are included which take more space. On the other hand, we can reuse the LTE transceiver and we can shut down one RF chain when the uplink data rate is low. The architecture I.B uses one antenna only while the architecture I.C gives further flexibility to be used for MIMO transmissions. For example, we can configure the two Tx chains to work on two carriers with SIMO or we can configure the two Tx chains to work on one carrier with 2 Tx MIMO. The former configuration can be used in power-limited scenarios, for example, when UEs are in cell edge area. The later configuration can be used in band-limited scenarios. 
To achieve the ITU-R uplink target bit rate 500 Mbits/s, 40MHz transmission bandwidth with rank 4 MIMO or alternatively 80MHz transmission bandwidth with rank 2 MIMO is required. Since the maximum total bandwidth is 40MHz in typical carrier aggregation scenarios, rank 4 MIMO should be supported in high capability UEs, whose Tx architecture comprises of four copies of type I.A architecture as shown in figure 1. As mentioned before, by configure the central frequency of each TX chain, we can configure the following architecture to support 40MHz rank 4 MIMO as shown in figure 1a or 80MHz rank 2 MIMO as shown in figure 1b.
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Figure 1a 40MHz rank 4 MIMO UE architecture             Figure 1b 80MHz rank 2 MIMO UE architecture
Similarly, for the inter-band non-contiguous CA, architecture II.B seems more attractive than architecture II.C because of antenna sharing while architecture II.C can’t provides UL MIMO capability since PA/DAC can’t work across the bands in the near future.
3 UL PC requirements based on the architecture
According to the analysis in section 2, we categorize the CA into two types based on how the PA is used:

· Type A CA: PA sharing

· For intra-band contiguous CA only

· Type B CA: PA independent.

· For intra-band contiguous CA and inter-band non-contiguous CA

Next we’ll analyze the influence of PA on the UL power control. 

3.1 Maximum transmission power
For type A CA, we treat the multiple carrier aggregation as a carrier with wider bandwidth in RF. In this case, the maximum transmission power of all CCs sharing on PA should be 23dBm for class 3 UE since we may share the same PA in LTE and LTE-A. On the other hand, considering in most of the cases, the actual UL transmission bandwidth is less than 100RB, the maximum transmission power of each CC should be 23dBm too.

For type B CA, each CC has its own PA and the maximum transmission bandwidth is the same as rel-8. So basically, the maximum transmission power requirement can be the same as REL-8, for both contiguous and non-contiguous CCs. Thus the total maximum transmission power for type B CA is 23dBm+10*log10(N), where N is the number of PA in CA. Therefore, in intra-band contiguous CA, the total maximum transmission power of UEs using independent PAs is twice as that of the UEs sharing one PA if we don’t consider the combiner loss. On the other hand, two aspects are noted: A) the current UE max power is 23dBm; B) the case where a UE uses up wide bandwidth and at the same time maintains the same level of PSD as rel-8 UE at the cell edge does is rare. So it seems more attractive to relax the requirement for PA, i.e., the maximum transmission power per PA in type B CA is 23dBm-10*log10(N). However, in antenna sharing case, it is better to maintain the maximum output power per PA in type B CA as 23dBm or more considering the combiner or diplexer loss and reuse in REL-8. 
For type A CA, UE may be scheduled for non-contiguous transmission, for example, UL resource blocks in two CCs are non-contiguous (figure 2a) or in case of PUCCH and PUSCH simultaneous transmission (figure 2b). In these cases, transmission power difference between two transmission resources should be limited [11].
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Figure 2 UL non-contiguous transmission
For type B CA, each CC has its own PA. If the transmission on each Tx chain can maintain the single carrier properties, basically it is not necessary to limit the transmission power difference between two CCs. However, considering the influence of leakage and IMD, it is still desirable to limit the transmission power difference between two CCs. The value of the maximum power difference is FFS.

As specified in 36.101 [6], the configured maximum UE output power PCMAX shall be less than the minimum of network configured maximum power and UE maximum output power. So for type A CA, in order to limit the transmission power difference, the network configured CC-specific max power should be carefully selected in the case of the configured max power difference exceeding the power difference limit [11]. For example, if the network configured maximum transmission power for CC1 is 10dBm, the network configured maximum transmission power for CC2 is 20dBm. PCMAX,CC1 =10dBm, PCMAX,CC2 =20dBm. Assume the maximum power difference is 9dB. When both of CCs transmit using its configured maximum transmission power, the power difference between two CC will exceed 9dB. 

To summarize, we think 
· The maximum transmission power of each CC is up to 23dBm for class 3 UE. 

· The maximum transmission power of each class 3 UE is 23dBm. 

· In case of several CCs sharing one PA, the total transmission power from all CCs should be less than 23dBm.

· The maximum output power per PA can be maintained as 23dBm considering the combiner/diplexer loss.

· The power difference of CCs/channels sharing one PA is limited.

· The power difference limit should be different for type A and type B.
· For type A CA, the network configured CC-specific max power should be carefully selected in the case of the configured max power difference exceeding the power difference limit.

3.2 Power headroom reporting
RAN1 has agreed to report the power headroom per CC. We should keep in mind that what the eNB really wants to know is the power headroom of each PA. Therefore, in type A CA, the eNB should calculate the power headroom per PA based on the reported per CC PHRs which is based on per CC Pmax. Otherwise, eNB may schedule the total uplink transmission power that exceeds the maximum transmission power of PA unless the sum of the per CC Pmax is limited to that of one PA . Therefore, the eNB needs to know the linkage between the PAs and CCs of the UE.
3.3 Power scaling
In case that the transmission power reaches the maximum configured transmission power of PA, UE should scale down the transmission power per channel so that the actual transmission power does not exceed the maximum configured transmission power. Several power scaling mechanisms have been discussed in RAN1 [7][8][9]. No matter which power scaling mechanism is used, the transmission power difference between channels sharing same PA should be limited. 
RAN1 has reached an agreement that in case of simultaneous PUCCH and PUSCH transmission, PUSCH power should be scaled down first. Therefore in case that PUCCH and PUSCH transmit in the same PA, when the PUSCH power is scaled down so much that the power difference between the two channels exceeds the power difference limit for one PA, it would be better to turn off the PUSCH transmission. In case that there are more than one PUSCH transmission, when all PUSCHs power down the power difference may not satisfy the maximum transmission limit; in this case, it would be better to turn off one PUSCH. 

3.4 Power control in MIMO
In case of the UL SU-MIMO, the total transmission power of several antennas for one CC should not exceed 23dBm. This may relax the maximum output power of PA to a smaller value which is consistent with the requirements for flexible Tx chain configuration. For example, 20dBm per PA in case of 1 CC with 2 Tx MIMO or 2 CCs with SIMO. 
In typical UE implementations, a transmit antenna gain imbalance of 3 to 6 dB is not uncommon. And it depends on UE type and the way UE was used [12]. 

4 Conclusion
In this paper, we give our opinions on UL power control based on the UE Tx architecture. The main proposals are:
· The maximum transmission power of each CC is up to 23dBm for class 3 UE. 

· The maximum transmission power of each class 3 UE is 23dBm. 

· The power difference of CCs/channels sharing one PA is limited

· The power difference limit is different for type A and type B.

· eNB uses the PHR per PA for scheduling. 

· No need to report separate PUCCH/PUSCH PHR when PUCCH/PUSCH sharing on PA.

· No need to report PHR per channel.

· In case of power scaling, the power difference between channels sharing the same PA should be limited. If this requirement can not be satisfied, it is better to turn off the low priority channel.
· In case of UL SU-MIMO, the total transmission power of several antennas for one CC should not exceed 23dBm.

· In typical UE implementations, a transmit antenna gain imbalance of 3 to 6 dB is not uncommon.
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