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1. Introduction

In RAN1 #77, some progresses on UL power control in dual connectivity are made as follows.

Agreement:
· Maximum total output power Pcmax is defined by RAN4
Agreements
· In both synchronous and asynchronous cases, at least for PUCCH/PUSCH
· Minimum guaranteed power allocation P_SeNB and/or P_MeNB can be configured
· P_SeNB >=0, P_MeNB >=0
· FFS: P_SeNB+P_MeNB <= PCmax
· FFS: P_SeNB+P_MeNB <= 100%
· The total power allocation per CG Palloc_xeNB can be determined by 
(1) Power allocation up to P_SeNB and P_MeNB (i.e. Ppre_SeNB and Ppre_MeNB) 
· At first, UE needs to allocate power per each eNB up to P_SeNB or P_MeNB (if configured) respectively regardless of priority rule if transmission is scheduled
· Ppre_xeNB = min {power based on actual grant/assignment and TPC commands, P_xeNB}
(2) Plus allocation of remaining power
Agreements:
· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case

· All the remaining power can be used
· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB

· FFS on details

· Giving all the remaining power to a CG is not precluded

· If look-ahead is not assumed: 

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission

· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG

· For the remaining power, earlier transmission is higher priority

· FFS on whether there will be two types of UE behavior (supporting look-ahead and not supporting look-ahead) or there will be only one type of UE behavior

· Confirm WA with clarification: 

· Power control changes are not allowed for one channel on one carrier in the middle of subframe in asynchronous case in dual connectivity (i.e., Power of on-going transmission is not adjusted)
· Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types
On the other hand, to achieve further consensus on priority rule based on UCI type across CGs, look-ahead aspect and details of PxeNB, corresponding e-mail discussions are discussed on RAN1 e-mail reflector [1-3]. More agreements and working assumptions are made as follows.
Working assumption:

· The remaining power can be allocated to both eNBs according to priority rule.

Agreement:

· A unified design/common framework for both synchronous case and asynchronous case with look-ahead is supported. 

Synchronous case

· It is FFS whether synchronous case realized by nonsynchronous case or not.

· If separate handling is realized, 

· Same handling with MTA i.e. RAN1 spec is written as if all subframes are aligned and total transmission power should not exceed P_cmax on any overlapped portion.

· Condition of synchronous case is according to RAN4 definition of synchronized dual connectivity operation. In terms of maximum uplink transmission timing difference, it is to be clarified whether synchronous case should be described as "the maximum uplink transmission timing difference between PCell's and pSCell's is less than x µs" or "the maximum uplink transmission timing difference between all TAGs is less than x µs". Other description is not precluded.

Non-synchronous case

· Look ahead is defined as UE to know actual UL transmission(s) in the latter part of the overlap portion.   

· At least for PUCCH/PUSCH, FFS Alt 1 or Alt 2.

· Alt 1. UE is not mandatory to look-ahead. 

· Alt 1-1. UE does not look-ahead.

· Alt 1-2. UE can choose between (a) look-ahead and (b) not look-ahead.

· Alt 2. UE is mandatory to look-ahead in condition Y. 
· In other than condition Y, 
· Alt 2-1. UE does not look-ahead

· Alt 2-2. UE can choose between (a) look-ahead and (b) not look-ahead.

· Discussed candidates of condition “Y” are:
- all TA values are less than y usec
- the maximum uplink transmission timing difference between TAGs is less than y µs
Other candidate(s) of condition Y is not precluded.
· It is FFS whether UE to inform look-ahead or not to the network.
Agreement
· Working assumption: PMeNB and PSeNB are defined as ratios of PCMAX.
· Note: PCMAX above is linear domain value.

· Following is FFS in RAN1#78:
· Range and resolution of PMeNB and PSeNB.
In this contribution, we share our opinions on the remaining issues on UL power control in dual connectivity which includes the details of total power allocation mechanism, look-ahead aspect and details of minimum guaranteed power allocation PxeNB.
2. Discussion
2.1 The Details of Total Power Allocation Mechanism
In RAN1 #77, it is agreed that the total power allocation per CG Palloc_xeNB can be determined by (1) Power allocation up to P_SeNB and P_MeNB and (2) Plus allocation of remaining power. Since it is also agreed in RAN1 #77 that within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types, once the total power is allocated for each CG, UE can determine how the actual used power for each channel type accordingly in this CG. Therefore, the remaining issues are majorly upon how the remaining power is allocated.
In [1], a working assumption is made that the remaining power after allocation of P_xeNB can be allocated to both eNBs according to priority rule. Whether to allocate the remaining power to both eNB or not is a tradeoff between spec effort and full utilization of the remaining power. Yet, even when remaining power is only allocated to one eNB, we still see some spec efforts on deciding which eNB to utilize the remaining power (e.g. based on the transmitted channel type, CC number, eNB type). Therefore, we would like to confirm the working assumption that the remaining power can be allocated to both eNBs according to priority rule considering its better power utilization.
Proposal 1: Confirm the working assumption that the remaining power after allocation of P_xeNB can be allocated to both eNBs according to priority rule.

In [1], companies have diverse views on the priority rule based on UCI type across CGs. From our perspective, protecting HARQ-ACK transmission with the highest priority is more aligned with the legacy UE behavior. However, priority rule based on channel type also makes sense. Power scaling on PUSCH with UCI is more acceptable compared to PUCCH. On the other hand, allocating full power to PUSCH with HARQ-ACK leads to full power to the corresponding data symbols which is not deemed the same priority order as UCI symbols. Based on the above discussions, we believe that a fair compromise is to allocate power firstly by UCI content, secondly by channel type, and finally by CG type. By utilizing the proposed table in [1], it can be summarized as in table 1. In other words, the priority rule is given by PUCCH w/ HARQ-ACK/SR of MCG > PUCCH w/ HARQ-ACK/SR of SCG > PUSCH w/ HARQ-ACK of MCG > PUSCH w/ HARQ-ACK of SCG > PUCCH w/ CSI only of MCG > PUCCH w/ CSI only of SCG > PUSCH w/ CSI only of MCG > PUSCH w/ CSI only of SCG > PUSCH wo/ UCI of MCG > PUSCH wo/ UCI of SCG.
Table 1 Priority rule based on UCI type across CGs
	MCG 

SCG
	PUCCH w/ HARQ-ACK/SR
	PUCCH w/ CSI only
	PUSCH w/ HARQ-ACK
	PUSCH w/ CSI only
	PUSCH wo/ UCI

	PUCCH w/ HARQ-ACK/SR
	MCG 
	SCG
	SCG
	SCG
	SCG

	PUCCH w/ CSI only
	MCG
	MCG
	MCG
	SCG
	SCG

	PUSCH w/ HARQ-ACK
	MCG
	SCG
	MCG
	SCG
	SCG

	PUSCH w/ CSI only
	MCG
	MCG
	MCG
	MCG
	SCG

	PUSCH wo/ UCI
	MCG
	MCG
	MCG
	MCG
	MCG


Proposal 2: Priority rule is firstly determined by UCI content, secondly by channel type, and finally by CG type.

Another minor issue needs to be clarified is the meaning of PUSCH wo/ UCI of MCG > PUSCH wo/UCI of SCG. It is noted that there can be multiple PUSCHs for each CG. Therefore, it is not clear that whether the power is allocated to all PUSCHs of MCG first and allocated to all PUSCHs of SCG then. Another possibility is that firstly allocating power to one PUSCH of MCG which is granted by the largest power, and then to one PUSCH of SCG which requires the largest power. After that, if there is remaining power left, the power is allocated to another PUSCH of MCG and then to another PUSCH of SCG where both require larger power. In other words, the power is allocated to PUSCHs to both CGs in turn where MCG has higher priority.
Proposal 3: The meaning of PUSCH without UCI of MCG is prioritized over PUSCH without UCI of SCG should be clarified since there can be multiple PUSCHs in each CG.
2.2 Look-ahead Aspect
In [2], look-ahead aspect is discussed and two alternatives are identified as (1) UE is not mandatory to look-ahead (2) UE is mandatory to look-ahead in condition Y. Current candidates of condition Y on the table are TA values and maximum uplink transmission timing difference between TAGs, we doubt that a specific number of TA values or maximum uplink transmission timing difference between TAGs can be concluded in time. Also, the processing time of UE depends on UE capability and thus we fail to see how a specific condition Y can be determined and mandated. Therefore, we support that UE is not mandatory to look-ahead. Considering the potential benefits from look-ahead, UE can choose between look-ahead and not look-ahead is preferred.
Proposal 4: UE is not mandatory to look-ahead and UE can choose between look-ahead and not look-ahead.

UL power control will be different depending on whether look-ahead is chosen or not. As depicted in figure 1, subframes of two eNBs are unsynchronized. When not look-ahead is chosen, the allocated power of subframe n Palloc_MeNB(n) is determined by min{min[power based on actual grant/assignment and TPC commands, Pcmax(n)-Palloc_SeNB(m-1)], Pcmax(n)-P_SeNB}. On the other hand, if look-ahead is chosen, Palloc_MeNB(n) is determined by min{min[power based on actual grant/assignment and TPC commands, Pcmax(m)-Palloc_SeNB(m-1)], Pprealloc_MeNB(n,m)}, where Pprealloc_MeNB(n,m) is the allocated power for subframe n of MeNB determined by the same power allocation mechanism in synchronized case based on assigned transmissions of subframe n of MeNB and subframe m of SeNB.
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Figure 1 unsynchronized case
Proposal 5: Depending on look-ahead or not, the allocated power in unsynchronized case is determined by the minimum of power based on actual grant and TPC commands, the remaining available power for the subframe, and (1) the difference of configured maximum output power and the minimum guaranteed power allocation of the other subframe or (2) the allocated power of the subframe and the latter overlapped subframe of the other eNB using the same power allocation mechanism in synchronized case.
2.3 Details of PxeNB
It is agreed in RAN1# 77 that the minimum guaranteed power allocation P_xeNB can be configured. The details of PxeNB are discussed in [3]. Among absolute value and ratios of Pcmax, a working assumption is made that the P_xeNBs are defined as ratios of Pcmax to avoid additional UE behavior when P_MeNB+P_SeNB>Pcmax. Following the working assumption, P_xeNB is defined as ratio of Pcmax and may be varied per subframe. Considering that ratios may reduce some spec effort, we are willing to confirm the working assumption.
Proposal 6: Confirm the working assumption that P_MeNB and P_SeNB are defined as ratios of Pcmax.

However, in unsynchronized case, it is still possible that P_xeNB cannot be allocated to its value even when P_MeNB and P_SeNB are defined as ratios of Pcmax. In legacy system, Pcmax remains a constant for the entire subframe. Although it is agreed that Pcmax is defined by RAN4, in this contribution we assume the abovementioned behavior is applied for further discussion. It is noted that if the allocated power will be changed within a subframe, it can contradict the agreement that the transmission power is not changed within a subframe. In unsynchronized case, the parameters related to Pcmax of the other eNB in different overlapped portions may be different. Depending on look-ahead or not, Pcmax can be configured considering the later overlapped portion or not accordingly. It is noted that Pcmax is configured for UL power control in a subframe. Regardless of look-ahead or not, the Pcmax configured for one subframe can be different from the Pcmax of its overlapped subframes of the other eNB. Take fig. 1 for example, Pcmax of subframe n can be different from Pcmax of subframe m-1 and subframe m. For a subframe and its overlapped subframes, P_MeNB and P_SeNB can be derived based on different Pcmax. Therefore, there are scenarios that the remaining available power for the subframe is not enough for allocating P_xeNB to the multiplication of the configured ratios and Pcmax regardless of look-ahead or not. 
Taking figure 1 for example, when determining the allocated power of subframe n of MeNB and look-ahead is not used, Pcmax(n)*ratios_P_SeNB is reserved for transmissions to SeNB and transmissions to MeNB can use up to Pcmax(n)*(1- ratios_P_SeNB) and it is assumed that the full power is utilized. After that, when determining the allocated power of subframe m of SeNB, the remaining available power for subframe m is determined by Pcmax(m)-Pcmax(n)*(1-ratios_P_SeNB). When Pcmax(m)*ratios_P_SeNB is larger than the remaining available power for subframe m, P_SeNB can only be allocated to the remaining available power. We have the following equations:
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Above equations show that Pcmax(m)*ratios_P_SeNB will be larger than the remaining available power for subframe m when Pcmax(m) is smaller than Pcmax(n) and it is not a rare case. On the other hand, similar situation can happen when look-ahead is used since the power allocation of the current subframe is only based on the Pcmax of the current subframe. In conclusion, in unsynchronized case, it is hard to guarantee that the remaining available power for the subfame is always larger than the multiplication of the configured ratios and Pcmax. Thus, the P_xeNB should be further restricted by the remaining power. In other words, the minimum guaranteed power allocation P_xeNB should be determined by min {configured ratios*Pcmax, the remaining available power for the subframe}.
Proposal 7: In unsynchronized case, it is hard to guarantee the remaining available power for the subframe is always larger than the multiplication of the configured ratios and Pcmax. Therefore, P_xeNB should be determined by min {configured ratios*Pcmax, the remaining available power for the subframe} in unsynchronized case.
3. Conclusion

In this contribution, we discuss the remaining issues on UL power control in dual connectivity and have the following proposals:
Proposal 1: Confirm the working assumption that the remaining power after allocation of P_xeNB can be allocated to both eNBs according to priority rule.

Proposal 2: Priority rule is firstly determined by UCI content, secondly by channel type, and finally by CG type.

Proposal 3: The meaning of PUSCH without UCI of MCG is prioritized over PUSCH without UCI of SCG should be clarified since there can be multiple PUSCHs in each CG.
Proposal 4: UE is not mandatory to look-ahead and UE can choose between look-ahead and not look-ahead.

Proposal 5: Depending on look-ahead or not, the allocated power in unsynchronized case is determined by the minimum of power based on actual grant and TPC commands, the remaining available power for the subframe, and (1) the difference of configured maximum output power and the minimum guaranteed power allocation of the other subframe or (2) the allocated power of the subframe and the latter overlapped subframe of the other eNB using the same power allocation mechanism in synchronized case.
Proposal 6: Confirm the working assumption that P_MeNB and P_SeNB are defined as ratios of Pcmax.

Proposal 7: In unsynchronized case, it is hard to guarantee the remaining available power for the subframe is always larger than the multiplication of the configured ratios and Pcmax. Therefore, P_xeNB should be determined by min {configured ratios*Pcmax, the remaining available power for the subframe} in unsynchronized case.
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