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1. Introduction

In RAN1#76 meeting, issues related to dual connectivity were discussed especially on scenarios for dual connectivity in terms of timing difference and schemes to be supported for dual connectivity. As the results, following working assumptions and agreements were made for dual connectivity:
Working assumption:

· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 31.3 + X micro sec

· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB

· Dual connectivity should support the scenarios where UE can not assume any maximum timing difference from MeNB and SeNB
· SFN-level alignment across MeNB and SeNB is up to RAN2 decision

Agreements:

· At least following schemes are supported

· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing
In this contribution, we continue to discuss issues related to power control between two eNBs in dual connectivity. More specifically, consideration points and possible approaches related to UL power allocation between different eNBs for dual connectivity are provided.
2. Considerations of UL power allocation
According to the agreements for dual connectivity, at least, independent UCI transmission of HARQ-ACK and CSI to each eNB where UCI related to SCG is transmitted to the SeNB only while UCI related to MCG is transmitted to the MeNB only is supported for dual connectivity. Furthermore, at least the following is supported. UCI transmissions for each eNB follows the rules as in Rel-11 including simultaneous transmission of multiple channels, periodic CSI dropping rules, handling UCI combinations, and HARQ-ACK timing and multiplexing. In other words, independent UCI generation and the corresponding transmission will be supported for each eNB. When independent uplink transmission is performed along with independent scheduling, it seems natural to employ independent transmission power control (TPC) process for each eNB. However, for efficient power resource utilization, further considerations on power sharing between two eNBs should be considered as described in later.
Proposal 1: It can be considered to employ independent transmission power control (TPC) process for each eNB . 
Since UE’s total output power is limited, additional power scaling would be needed when the sum of UL transmission power for MeNB and SeNB exceeds UE total output power. In dual connectivity, all RRC functions for both MeNB and SeNB would be managed and controlled by only MeNB as described in [1]. Furthermore, it is expected that voice communication is supported at least by PCell associated with MeNB for better QoS. More importantly, UE mobility is handled by MeNB. Therefore, in that point of view of protecting transmission related to RRC configuration, mobility management and voice communication, the power control mechanism should consider protecting MeNB coverage as much as possible. 
Proposal 2: It is necessary to consider protecting MeNB coverage which is related to physical channels relevant to RRC signalling, mobility management, and voice communication to PCell.
Next, for power control design, it is necessary to consider whether power limited case occurs frequently or not. Since the performance impact of optimization in power control for power limited case is highly dependent on the portion of power limited UEs in a network, if the portion of power limited case UEs in a network is high enough, the effort to optimize power control for power limited case would be needed for power control in dual connectivity.
Proposal 3: It is necessary to consider the portion of power-limited UEs with dual connectivity mode to design power control for dual connectivity. 
In this paper, we provide analysis for the percentage of power limited UEs under small cell scenario #2a using geometry result and receiver sensitivity shown in Table 5.2.1.2-2 in [4]. The detailed analysis assumption is shown in Appendix A. For the simplicity, this paper assumes that all UEs associated with small cell layer are operating in dual connectivity mode assuming overlaid macro layer. Considering link gain associated with MeNB and with SeNB, the percentage of power limited UEs over dual connectivity mode UEs under small cell scenario #2a is summarized as in Table 1. 
Table 1: Percentage of power limited UEs with dual connectivity mode.
	Physical channel combination
	Percentage of power limited UEs

	MeNB
	SeNB
	

	PRACH
	PRACH
	2%

	PUCCH(1a)
	PUCCH(1a)
	0.1%

	PUSCH
	PUSCH
	2.6%


As shown in Table 1, we observed that the percentage of power limited case is around 2% under scenario #2a. In our view, since the portion of power limited case would not be negligible, it can be considered to make efforts for optimization of power limited case. Furthermore, when we consider multiple uplink transmissions more than two, the power limited cases can occur more often than two uplink transmissions. As uplink transmission performance of a UE is closely tied with power control efficiency, optimized power control for dual connectivity should be achieved.
In the meanwhile, most cases in dual connectivity with two uplink transmissions would not suffer from power limitation in the perspective that the total required power for UL transmissions associated with MeNB and SeNB does not exceed UE total output power. In this case, additional mechanism such as splitting power between MeNB and SeNB may not be necessary as UEs may not experience power limited cases in such cases. 

Regarding approved WID proposal related to dual connectivity [5], one of the objectives of this work item is to extend enhancement of PUCCH mechanism for dual connectivity to CA to enable PUCCH transmission on SCell. Therefore, considering both dual connectivity and CA PUCCH offloading, common power control if feasible is desirable. 
Proposal 4: It can be considered to investigate the necessity to have common power control between dual connectivity and CA PUCCH offloading. 

3. Options for power allocation between two eNBs
In this section, we provide possible approaches related to power control for dual connectivity with considerations mentioned in Section 2. As dual connectivity needs to be supported for asynchronous case by working assumption, power control should also consider asynchronous case. Thus, overall, two power sharing categories can be considered – (1) Option 1. semi-static power split between two eNBs (2) Option 2. power sharing similar to CA framework between two eNBs with power scaling in power limited case. More detailed discussions are as follows. 
[Option 1]: Introduce additional UE maximum output power for each eNB (semi-static power split)
UE maximum power per eNB may be configured for each eNB separately when UE operates in dual connectivity mode. In this case, total power for UL transmission associated with MeNB (or SeNB) would not exceed the UE maximum power configured for MeNB (or SeNB), respectively. With separately configured maximum power usable for each eNB, handling and determining power limited case would also occur independently for each eNB. If the total power for UL transmission is larger than the UE total maximum output power, then additional power scaling may be needed. To avoid additional power scaling, it is desirable to assign maximum power for each eNB such that the total power does not exceed UE total maximum power. Depending on whether to share unused power or how to determine power limited case, a few variations of this option can be considered as below. 
<Option 1-1>: Static allocation without unused power sharing
In this option, power control is performed independently per each eNB with a configured maximum power per eNB without any power sharing of unused power. In this case, power control for each channel/signal may follow Rel-11 specification within carriers configured by one eNB. When power for each signal is determined, for CCs belonging to the same eNB, power scaling would be applied as in Rel-11 for each eNB. It seems that specification impact of this option is relatively small, but performance would not be fully optimized. Particularly, when the power split between two eNBs are not optimized, unnecessary power scaling may occur in either eNB and thus may also impact the coverage of MeNB as shown in Figure 1. 
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Figure 1: Example of Option 1-1.

<Option 1-2>: Static allocation with sharing of unused power 

In this option, a UE may determine power limited case per eNB same as Option 1-1. When a UE detects power-limited case in an eNB, if there is unused power in the other eNB, unused power can be applied toward the power-limited uplink transmissions as shown in Figure 2. 
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Figure 2: Example of Option 1-2.

To simplify the specification impact, it is desirable to first consider the case where only unused power from “non-power-limited” eNB transmission can be utilized for power-limited eNB transmission. The portion of such a case would be depending on target scenario and the criterion to select dual connectivity mode UE. This option thus to some degree addresses dynamic power change per each eNB when a UE does not experience the total power exceeds its capability. However, protecting MeNB coverage is not effectively supported. Also, depending on power-split between two eNBs, high priority uplink transmission such as PUCCH of one eNB may be power-scaled due to SRS transmission in another eNB which may impact the overall performance as shown in Figure 3. Furthermore, considering more than two uplink transmissions at a time, efficient power split becomes more challenging.
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Figure 3: Example of Option 1-2.

<Option 1-3>: Use configured UE maximum output power for each eNB only if power limited case occurs (afterwards, apply option 1-1 or option 1-2)
In this option, power limited case is determined by UE total output power for all eNB. If UE is non-power-limited, UE may exceed maximum power per eNB. More specifically, it is possible that UE exceeds maximum power per eNB for both eNB if UE is non-power limited from the total UE power perspective as shown in Figure 4. Meanwhile, if UE is power limited from the total UE power perspective, power control would be carried out based on either option 1-1 or option 1-2 with the configured maximum power per eNB. Instead of assigning maximum power in terms of power limitation handling per eNB, power scaling percentage can be configured such that each eNB reduces with the assigned portion. To protect MeNB coverage, in this case, power scaling penalty to MeNB or PCell can be smaller than that to others. Since power limited case is determined across all activated uplink carriers, some considerations to handle asynchronous CCs should be further considered for this option. This option could be considered in the perspective of common solution for both dual connectivity and CA.
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Figure 4: Example of Option 1-3.

[Option 2]: Reuse UE maximum output power for each configured carrier as in current specification 

Another approach is to reuse maximum power per CC as in current specification with minor modification for power control of dual connectivity mode UE. Therefore, it seems that specification impact of this option is negligible in the perspective of signalling. However, power scaling could be carried out across eNBs, so it would be necessary to define power limited case even for asynchronous case. Next, this option could be considered as common solution for both dual connectivity and CA. 
In dual connectivity, it can be considered to protect MeNB coverage which is related to physical channels relevant to RRC signalling, mobility management, and voice communication to PCell. In this option, we discuss potential variations depending on how to apply power scaling when power limited case occurs. Possible sub-options to handle this issue are as follows:
<Option 2-1>: Allocate MeNB (or PCell) first and use the remaining power for SeNB 
UE can prioritize MeNB (or PCell) to allocate UE total maximum output power to each CC to protect MeNB coverage. In this case, maximum power per CC for SeNB (or SCells) would be determined by remaining power excluding the allocated power per CC associated with MeNB (or PCell), respectively. In other words, power scaling on uplink transmission across eNBs (or CC) would not be attempted for MeNB (or PCell), respectively. With the remaining power, next, power can be assigned to special cell in SeNB first, and then apply CA power scaling mechanism afterwards. 
<Option 2-2>: Give priority on UL transmission associated with MeNB (or PCell)
Similar to Option 2-1, transmission to MeNB or PCell can be prioritized. However, not all uplink transmissions to MeNB or PCell need to be prioritized. In the perspective of the fact that MeNB (or PCell) is prioritized due to RRC signalling, voice communication, and mobility management, it could be considered that at least PRACH/PUCCH/SPS PUSCH on PCell have high priority. For those channels, power is allocated with the highest priority. Afterwards, those channels transmitted to special cell of SeNB can be prioritized and then apply CA power scaling mechanism subsequently.
In general, Option 1 allows more independent power control per eNB whereas Option 2 allows maximizing power utilization for high-priority uplink channels. Considering PCell coverage and common framework with CA, we prefer to adopt Option 2 with reasonable specification impact. If Option 1 is further considered, we prefer Option 1-3 which offers dynamic power allocation with reasonable specification impact.
4. Power limited case and unused power
In all options, some clarification of power limited case and unused power are needed. For example, eNB0 (MeNB) and eNB1 (SeNB) are not frame-boundary aligned as shown in Figure 5, how to determine power limited case using each option and how to determine unused power in each option could have the following options. 
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Figure 5: Example of asynchronous case (unused power illustration).
4.1. Power limited case

In Option 1-1 or 1-2, if additional power scaling across eNBs is not attempted by allocating static power to eNBs not exceeding UE capability, current definition of power limited case can be reused per transmission to each eNB. In those options, clarification of unused power is still needed. For other options, two definitions can be considered. 
(1) Power limited case is determined at any moment (i.e., by instantaneous power). When one subframe overlaps with two subframes of uplink transmission to another eNB, if the power in either one exceeds UE maxiumum power, it is considered as power limited case. 

(2) Power limited case is determined if the total power over 1msec interval exceeds the total UE power. This may result less power limited case, yet, requires more specification work.
For simplicity, we think first approach can be adopted.
4.2. Unused power

In terms of computing unused power, similar to power limited case, two approaches can be considered. 

(1) Minimum of unused power between unused power computed from two overlapped subframes of the other eNB. For example, if uplink transmission of subframe n to one eNB overlaps with subframe n and n+1 to another eNB, minimum of unused power from subframe n and n+1 for the other eNB transmission will be used for unused power. As shown in Figure 5, unused power can be determined as the minimum value of two overlapped subframes. When unused power is applied, the maximum power used by one eNB is shown Figure 6. As shown clearly, there still exist unused power remained by this definition. 
(2) Average of unused power over 1msec by uplink transmissions to another eNB.
It seems natural to determine the definition of unused power depending on the definition of power limited case. Thus, for the simplicity, first approach can be adopted. As it can be seen from the examples, when Option 1-1 or 1-2 is used, overall unused power can be considerable. Thus, to maximize power utilization, Option 2 or Option 1-3 should be further considered.
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Figure 6: Illustration of unused power application.
5. PHR reporting
As agreed by RAN2, when a UE reports a PHR to an eNB, PHR on all activated uplink carriers will be reported. Since PUCCH transmission could be performed on special cell associated with SeNB, PHR reporting type 2 should be considered for special cell associated with SeNB as well as PCell associated with MeNB. Furthermore, it is necessary to investigate whether PH field associated with the special cell is always presents in PHR as if that of PCell or not.  Also, some clarification on PHR reporting related to configuration of simultaneousPUCCH-PUSCH is necessary. Considering simultaneous PUCCH transmissions on PCell and special cell, it can be considered to enable PHR reporting type 2 for PCell and special cell for dual connectivity mode UE regardless of configuration of simultaneousPUCCH-PUSCH. Furthermore, it is necessary to clarify on PHR calcuating based on the simultaneous PUCCH transmsisison on PCell and special cell. More specifically, power limit for PUSCH transmission for each carrier can consider power for PUCCH on special cell as well as power for PUCCH on PCell. 
6. Conclusion
This contribution discussed the issues related to power control for dual connectivity. Our proposals are as follows:

Proposal 1: It can be considered to employ independent transmission power control (TPC) process for each eNB . 
Proposal 2: It is necessary to consider protecting MeNB coverage which is related to physical channels relevant to RRC signalling, mobility management, and voice communication to PCell.
Proposal 3: It is necessary to consider the portion of power-limited UEs with dual connectivity mode to design power control for dual connectivity. 
Proposal 4: It can be considered to investigate the necessity to have common power control between dual connectivity and CA PUCCH offloading. 

Also, we provided various power control schemes. Considering PCell coverage and common framework with CA, we prefer to adopt Option 2 with reasonable specification impact. If Option 1 is further considered, we prefer Option 1-3 which offers dynamic power allocation with reasonable specification impact.
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8. Appendix A

Table A-1: Simulation assumptions for system level simulation
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline.

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	RSRQ with realistic buffer.

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized


Table A-2(Table 5.2.1.2-2 in [4]): MCL calculation for normal LTE FDD (see Note 1)
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	NOTE 1:
eNB is assumed with 2 Tx and 2 Rx in FDD systems.




