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1 Introduction
In RAN1#77, following agreements were made on power-control for dual connectivity [1].

	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

· PRACH to PCell has the highest priority; 

· RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed


After the meeting, via email discussion [77-11] [2]and [77-13] [3], the followings are agreed.

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

Agreements:

· A unified design/common framework for both synchronous case and asynchronous case if look-ahead is supported.
· Simultaneous PUSCH/PUCCH transmission can be independently configured per CG. 

· RAN4 should confirm whether independent PUSCH/PUCCH simultaneous transmission per CG can be supported.
Conclusions:

· Continue discussion on priority rule details in RAN1#78
· Continue discussion on the remaining issues in RAN1#78
Agreement 1

· If they are defined as absolute values, PMeNB+PSeNB>PCMAX is allowed.

· PMeNB+PSeNB>Ppowerclass is not allowed.

· FFS: UE behavior when PMeNB+PSeNB>PCMAX.

· If they are defined as ratios of PCMAX, PMeNB+PSeNB>100% is not allowed.

· PMeNB=PCMAX (or 100%), PSeNB=PCMAX (or 100%), PMeNB+PSeNB=PCMAX (or 100%), and PMeNB+PSeNB<PCMAX (or 100%), are supported.
Agreement 2

· 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.

· MeNB sends (P_MeNB, P_SeNB) to UE in a dedicated RRC message.

· If P_SeNB is to be configured to a UE, MeNB determines the minimum guaranteed power for the SeNB (P_SeNB), and also sends it to the SeNB via backhaul signaling. 

· If P_MeNB is to be configured to a UE, MeNB determines the minimum guaranteed power for the MeNB (P_MeNB).


This contribution discusses remaining issues as the followings. 

· Details of priority rule for PUCCH and PUSCH handling 

· Handling of PRACH and SRS in a power limited case 

· Discussions on look-ahead assumption 

2 Priority rule details
Through the email discussion, the following table is captured to show the majority view in terms of priority between different channel combinations across MCG and SCG [2].
	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 (most companies)
	FFS
	FFS 
	SCG
	SCG

	PUCCH w/ CSI only
	MCG
	MCG (most companies)
	FFS
	FFS
	SCG

	PUSCH w/ HARQ-ACK
	MCG
(most companies)
	FFS
	MCG (most companies)
	FFS
	SCG

	PUSCH w/ CSI only
	MCG
	MCG (most companies)
	MCG
	MCG (most companies)
	SCG

	PUSCH wo/ UCI
	MCG
	MCG
	MCG
	MCG
	MCG (most companies)


To determine the priority, we prefer a simple approach based on channel type and if the same channel type collides between two eNBs, UCI type can be additionally looked at. If the UCI type is the same, we consider that MCG can be prioritized. In other words, the priority rule to determine the order among uplink channels, we can consider channel type > UCI type > CG. There were discussions that HARQ-ACK should be prioritized over CSI regardless of channel type. Following the proposed priority rule, it is possible that PUSCH with HARQ-ACK on MCG can have lower priority than PUCCH with CSI only on SCG. This case can be handled however via P_MeNB and P_SeNB where it is our view that P_MeNB and P_SeNB will be configured to cover PUCCH to P_MeNB and P_SeNB respectively. In other words, there will not be many cases where PUCCH with CSI and PUSCH with HARQ-ACK compete for the remaining power. However, given that HARQ-ACK performance is important and there could be cases where P_MeNB and P_SeNB may not support the requested power for PUCCH successfully, we are open for the priority rule based on UCI type > channel type > CG. It is however desirable to give higher priority to PUCCH over PUSCH in case of the same UCI type to minimize the chance of power scaling on PUCCH. In general, the following can capture our view. 

	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
	No preference
	SCG
	SCG

	PUSCH w/ HARQ-ACK
	MCG

	No preference
	MCG
	SCG
	SCG

	PUSCH w/ CSI only
	MCG
	MCG
	MCG
	MCG
	SCG

	PUSCH wo/ UCI
	MCG
	MCG
	MCG
	MCG
	MCG


Proposal 1. Consider both UCI content and channel type for priority rule.

3 Handling of PRACH and SRS

In the last meeting, it was agreed to allocate P_MeNB and P_SeNB to each eNB at least for PUCCH and PUSCH. There are a couple of remaining questions related to PRACH and SRS. 
Q1. Whether P_MeNB and/or P_SeNB needs to be applied to PRACH

PRACH to PCell can be triggered in a few cases such as SR, uplink resynchronization, etc. If PRACH to PCell has not been received successfully, the UE declares RLF. Thus, it is not desirable to drop PRACH to PCell. For other cells, PRACH should have higher priority over other channels such as PUCCH and PUSCH. In that sense, it is not desirable to reduce the power on PRACH to transmit other channels to the other eNB. Thus, we propose the power allocation on PRACH can utilize the full power. 
Proposal 2. A UE can allocate up to PCmax, c to transmit PRACH regardless of P_MeNB and P_SeNB allocation

Since PRACH initiated by PDCCH order is transmitted at n+6th subframe where PDCCH order has been received at n-th subframe, for other channels such as PUCCH and PUSCH which may collide with PRACH transmission can look-ahead PDCCH-order as illustrated in below. 
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Figure 1. Look-ahead case for PRACH

For PRACH initiated due to SR without PDCCH order, it can be assumed that the UE knows the estimated timing of PRACH transmission in prior, thus, at a given time, to determine the power, it can be assumed that the UE knows whether there will be PRACH transmission in the second overlapped subframe or not. Since a UE can look-ahead PRACH always, we think that a requested power on PRACH can be always allocated other than the case where more than one PRACH collide at a given time. When more than one PRACH collide across CGs, according to the priority rule (PRACH to PCell has the highest priority), PRACH to SCG can be dropped if power limited case occurs. When a PRACH is dropped, it should be notified to higher layer to allow appropriate RACH procedure (for example, not to increase retransmission counter or increase the power).

Proposal 3. A UE drops PRACH to SCG if PRACH to MCG and PRACH to SCG collide in a power-limited case and informs the PRACH drop to higher layer.
Q2. Whether P_MeNB and/or P_SeNB needs to be applied to SRS

In terms of priority of SRS compared to other channels, following Rel-10 principles, periodic SRS can have the lowest priority. Following Rel-10 principle, aperiodic SRS can have higher priority over periodic CSI carried on PUCCH. Whether the same rule needs to be applied in dual connectivity deserves some considerations.  

At least for periodic SRS with the lowest priority, it is our view that a UE can look-ahead to determine power for periodic SRS. When a UE has periodic SRS transmission, as shown in Figure 2, to determine the power of the second overlapped subframe’s transmission (PUCCH to MCG in this case), since SRS is transmitted in the last OFDM symbol, a UE can have more processing time budget compared to PUSCH. Thus, a UE can look-ahead the second overlapped subframe of the other eNB and can drop periodic SRS if the second overlapped subframe has higher priority data and it experiences power limited case. 

Proposal 4. At least for periodic SRS, a UE can look-ahead and drop SRS if power limited case occurs. 
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Figure 2. Look-ahead case for SRS
Since SRS is used for power control, it is important that SRS is transmitted per the requested power. Otherwise, close-loop power control loop becomes quite inefficient. In that sense, if the requested power cannot be allocated to SRS transmission, it would be better to drop SRS. In other words, SRS is dropped regardless of P_MeNB or P_SeNB if the requested power cannot be allocated. 
Proposal 5. Periodic SRS has the lowest priority. FFS on the priority of aperiodic SRS. A UE can drop SRS if the requested power cannot be allocated to SRS. 

4 UE capability on Look-ahead

Through the email discussion [77-12] [4], the followings were agreed. 
	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.


In terms of the first FFS point whether to separate synchronized case and asynchronized case, we have the following agreements: A unified design/common framework for both synchronous case and asynchronous case if look-ahead is supported.  According to the agreement, if look-ahead is supported for a UE, a unified design can be utilized for both cases. If look-ahead is not supported, the priority rule for the remaining power in asynchronous case will be based on earlier transmission gets higher priority rule as agreed in RAN1#77. Since this rule ignores the priority among UCI types and channel types, we consider that separate handling of synchronous and asynchronous case would be needed to optimize the synchronous case. The unified design can be applied to synchronous case and asynchronous case with supported look-ahead (in other words, condition of look-ahead is satisfied). Furthermore, it would be desirable to utilize dual connectivity power control as much as possible to PUCCH offloading case. To optimize the power control in PUCCH offloading case, it is also desirable to apply priority based on UCI/channel types. Particularly, PUCCH offloading may not configure P_MeNB and P_SeNB, and thus, remaining power usage based on earlier transmission seems not desirable from the efficient power usage perspective. 
To determine between Alt1 and Alt2 for non-synchronous case, we analyse the processing time in a worst case. In general, a UE has processing time budget for an uplink of 4msec – TA – propagation delay in a single carrier case. In other words, 4msec – 3/2 TA is the processing time budget. Assuming the worst case of TA value of around 0.67msec, the processing time budget would be around 3msec. Now that to look-ahead of the latter overlapped subframe, the processing time budget would be further decreased by 1 – overlapped portion ( as illustrated in Figure 3. 
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Figure 3. Processing time illustration
Thus, in the worst case where the overlapped portion becomes very small, approximately 1msec processing time reduction is needed. To produce actual data such as PUCCH or PUSCH, delay is needed for data encoding. Thus, the worst case of 2msec processing time budget is not sufficient. However, in case of look-ahead, 2msec processing time budget is only for “look-ahead” operation. Since look-ahead can be achieved once the UE decodes (E)PDCCH, we consider 2msec processing time for “look-ahead” operation is sufficient. Given that asynchronous dual connectivity requires hardware changes, we think implementing look-ahead operation can be also supported. By this, we consider if Alt2 is adopted, this falls in Alt 2 with condition Y as maximum TA = 0.67ms. Since this is the maximum TA supported by the specification, this is the same to the case that a UE is mandated to look-ahead.
Furthermore, we do not consider that there is issue in practical scenarios. Considering typical cases of dual connectivity deployment scenarios where TA would not be configured very large, overall processing time reduction requirement can be reduced by 3/2 * (max TA value – typical TA value). For example, if typical TA value is around 100us, about 2850us processing time budget can be assumed which is sufficient time for look-ahead operation. Thus, in typical cases, the required processing time reduction would be less than 200us compared to synchronous CA case. Though that we strongly prefer a UE is mandated to look-ahead in any case, we can consider limiting the maximum TA in a dual connectivity scenario for look-ahead operation such as maximum TA is less than 100us. This case falls in Alt2 with condition Y as maximum TA = 100us. However, we do not think that additional specification supports on non-look-ahead case is needed

Proposal 6. From the specification perspective, it is not needed to specify a case where a UE is not able to perform look-ahead operation.
5 Conclusions
This contribution discusses remaining issues related to power control in dual connectivity. The following captures the proposals. 

Proposal 1. Consider both UCI content and channel type for priority rule.
Proposal 2. A UE can allocate up to PCmax, c to transmit PRACH regardless of P_MeNB and P_SeNB allocation.

Proposal 3. A UE drops PRACH to SCG if PRACH to MCG and PRACH to SCG collide in a power-limited case and informs the PRACH drop to higher layer.
Proposal 4. At least for periodic SRS, a UE can look-ahead and drop SRS if power limited case occurs. 
Proposal 5. Periodic SRS has the lowest priority. FFS on the priority of aperiodic SRS. A UE can drop SRS if the requested power cannot be allocated to SRS. 
Proposal 6. From the specification perspective, it is not needed to specify a case where a UE is not able to perform look-ahead operation.
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