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1 Introduction
Following conclusion has been made in RAN1#76bis [1].
	Email discussion/approval until 24th April about R1-141863 including following Question 7 – Fred (NTT DOCOMO)

Question7: Is Pcmax, c available in dual connectivity?

(Email discussion/approval plan)

Until 10th April: To identify other questions and clarify existing questions (Note: 

Until 24th April: To make common understandings within RAN1 including potential LS to RAN4 (if necessary)


Based on the discussion in [76b-08] until 10th April, following modifications are approved on the series of questions agreed above:
· Following question is added as the Question 0.
· Is dynamic power-sharing between two CGs/eNBs necessary?

· If no, how to split the power to the eNBs semi-statically considering MeNB coverage?

· If yes, how to perform power-sharing between the two eNBs (considering RAN2 observations in R2-141848)?
· Considering the agreed working assumption in RAN1#76bis, Question 3 is modified as following.

· Do UE need to take into account of power requirement of the other CG/eNB before allocating its available power for the first CG/eNB in the following two cases?
· Case 1) when the first eNB/CG is MeNB/MCG
· Case 2) when the first eNB/CG is SeNB/SCG

Note: The first eNB/CG is the eNB/CG which is earlier in the timing.
Note that, in RAN2#85bis and in RAN4#70bis, RAN2 and RAN4 have also discussed some aspects related to the power control mechanisms, respectively, and made some agreements/conclusions.

RAN2 agreed to send a LS [2] to RAN1 informing following RAN2 working assumption:

	Working Assumption
1
The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE. 

2
The preamble transmission in the PCell is considered more important than preamble transmission in any other cell. 


RAN4 agreed following proposals [3] based on a contribution [4]: 
	R4-141805
UE RF spec impact for Dual connectivity





Source: NTT DOCOMO, INC.

Abstract: 

UE RF spec impact for the introduction of dual connectivity is discussed.

Proposal 1: Define Configured transmitted power for Dual connectivity as a new sub-clause 6.2.5C based on the result of TPC discussion in RAN1.

Proposal 2: In order to introduce DC, RAN4 should investigate any other spec impact except for Configured transmitted power.
Proposal 3: In RAN4, the capability structure for DC should be agreed from UE implementation perspective as guidance for RAN1/2 discussion.


Option 1: Define the capability for DC itself only (Reuse CA capability for each band/band combination).


Option 2: Define the capability for DC itself and with respect to each band/band combination.


Option 3: Define other capability structure.

Nokia: RAN1/2 decisions are needed for configured TX power. By proposal 3 do you mean to send LS? Capability is not the only think we should give guidance.

NTT DOCOMO: Regardless of RAN1 decisions we need configured TX power. We have no plan to send LS.

Huawei: Proposal 3; lot of concepts requires simultaneous transmission. Option 1 seems existing capability. What is your preffred way?

InterDigital: We support proposals 1 and 2.

Broadcom: Proposal 1, would that account separately synch and unsynch cases?

NTT DOCOMO: We do not have any preferred option yet on proposal 3. Synch and unsynch cases depends on RAN1 decisions.

Conclusion : Proposals 1 and 2 approved

Decision: 

The document was Noted



The above agreements in the other WGs could be taken into account our RAN1 discussion.
2 Companies views on the questions
In this section, companies are encouraged to provide own views on each of the questions.
Question 0:

· Is dynamic power-sharing between two CGs/eNBs necessary?

· If no, how to split the power to the eNBs semi-statically considering MeNB coverage?

· If yes, how to perform power-sharing between the two eNBs (considering RAN2 observations in R2-141848)?

	Yes: Ericsson, Samsung, Blackberry, DOCOMO(if some issues are resolved), NEC, ZTE, LGE, ALU, ASB，HW, HiSi, InterDigital, CATT, Sharp, HTC, BRCM, Intel, QCM(for synchronous case)
Not necessary: NSN, Nokia(but the semi-static power-splitting can be enhanced to the dynamic)
Not essential: Panasonic
No: QCM(for asynchronous case)

Observations from companies’ views

· Many companies consider that dynamic power-sharing is necessary due to the following reasons.

· Efficient power-utilization is achievable.

· Power-sharing ratio between CGs/eNBs can be dynamically changed.
· No power-splitting loss when UL transmission happens to a single CG/eNB only.

· MCG/MeNB coverage is ensured.

· MCG/MeNB can be prioritized over SCG/SeNB.
· Some companies consider that it is not necessary due to the following reasons.

· Use-case of dual connectivity is not the coverage-limited situation.

· Dual connectivity should be configured if a UE has enough power to both CGs/eNBs.
· Semi-static power-splitting is friendlier to unsynchronized cases.
· Dynamic power-sharing in the uplink is inefficient downlink usage.

· Dynamic power-sharing can be supported even if PMeNB and PSeNB are defined. For example, following candidate solutions for dynamic power-sharing were discussed in [76b-08]:
· Candidate 1: Dynamic power-sharing without PMeNB and PSeNB
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG is PCMAX
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using PCMAX,c
· Candidate 2: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG (for non-PRACH transmission, FFS on PRACH) is PMeNB or PSeNB
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· FFS PHR is calculated using PCMAX,c or PMeNB/PSeNB
· Candidate 3: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG can exceed PMeNB or PSeNB
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG (for non-PRACH transmission, FFS on PRACH) is (PCMAXPMeNB) for SeNB and (PCMAXPSeNB) for MeNB
· Maximum transmit power per UE is PCMAX
· PMeNB + PSeNB is equal or less than UE total maximum output power PCMAX
· Candidate 4: Dynamic power-sharing with PMeNB and PSeNB, where PMeNB/PSeNB are the signalling exchanged b/w eNBs (not signalled to UE)
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG is PMeNB or PSeNB, but not indicated to a UE configured with dual connectivity; therefore, the rule can be broken by the controlling eNB (i.e., MeNB)
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using Pcmax,c
· Candidate 5: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB in power-limited case
· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG (for non-PRACH transmission, FFS on PRACH) is PMeNB or PSeNB in power-limited case, where PMeNB+PSeNB<=PCMAX
· Maximum transmit power per eNB/CG is PCMAX in non-power limited case
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· FFS PHR is calculated using Pcmax,c or PMeNB/PSeNB
· Some companies show their concern that it would be difficult to apply dynamic power-sharing for the unsynchronized cases.
Answer to the question 0
· It is widely considered that dynamic power-sharing is useful to make the UE transmit power utilization as efficient as possible.
· The dynamic power-sharing is not contradicted to defining PMeNB and PSeNB (i.e., not contradicted to introduce a semi-static power-splitting).

· However, there are different proposals on how to introduce the dynamic power-sharing scheme in dual connectivity.

· Especially, applying dynamic power-sharing in the unsynchronized case needs further discussion.

Agreement
· Continue discussion on exact mechanisms and specification impact to support dynamic power-sharing for dual connectivity in RAN1#77.
· Working assumption: dynamic power-sharing is supported.
· FFS on which condition the dynamic power-sharing is supported.

· FFS on whether the condition is specified or not.

· FFS on what exactly the dynamic power-sharing is.


	Company name
	Views

	Ericsson
	Yes. Dynamic power-sharing is necessary so that higher level of power utilization can be achieved across two CGs/eNBs. For example, when one UL connection does not need the full power available, the UE can use the leftover power towards the other connection.

One way to have dynamic power sharing is by allowing PMeNB+ PSeNB> PCMAX. PMeNB  and PSeNB are semi-statically assigned, with PMeNB= PSeNB= PCMAX as a special case [see R1-141645]. When MeNB connection needs to be prioritized (considering RAN2 observation), it can be configured such that PMeNB > PSeNB.

	NSN, Nokia
	Dynamic power sharing between eNBs is not necessary. We think that if UE is close to “edge of coverage” at the MeNB, it should not be configured to DC. UE should have enough power to transmit to both eNBs simultaneously, when it is configured to DC.

In synchronized case, or in unsynchronized case when there are no overlapping transmissions semi-static power split can be enhanced with dynamic power-sharing, so that power resources that are not needed for transmission to one of the eNBs can be used for transmission to the other eNB.

Our preference is to specify semi-static power split of UL power resources for the UEs that are configured to DC because:

· UL scheduling is easier if certain amount of UL power resources is guaranteed to be available for transmission to the eNB

· Then there is no need to specify new prioritization/scaling rules and current rules applied within eNB are sufficient. For example handling of issue mentioned in R2-141848 does not require new rule so that the MCG serving cell that carries SRBs should be prioritized over some other transmission in SCG because MeNB always has guaranteed power resources that it can use for high priority transmission.

· In unsynchronized case UE does not have to consider priority of the transmissions that start later in the other cell group

	Samsung
	Yes. Otherwise both coverage and throughout (including DL throughput due to UCI transmissions at least in the SCG) can be affected.

	Blackberry
	We share the similar as Ericsson and feel dynamic power sharing could be achieved by allowing PMeNB+ PSeNB> PCMAX

	NTT DOCOMO
	Dynamic power-sharing has following benefits:

1. Transmission power of a UE can be fully utilized when uplink transmissions happen only within one CG.

2. If prioritization rules are appropriately specified, then the prioritized channels/signals/CG can obtain sufficient power, even when the UE is in power-limited situation.

Therefore, we consider it should be supported if following aspects are resolved:

1. Feasible prioritization rules among channels/signals/CGs which offers sufficient gains of dual connectivity. Important signals should be prioritized as much as possible.
2. Handling of unsynchronized cases needs to be further discussion.

	NEC
	Yes. By dynamic power-sharing, from UE’s perspective the total UE available transmit power can be fully utilised/allocated towards MeNB/MCG and SeNB/SCG, without any restrictions of maximum allowable UE transmit power per eNB/CG.
To ensure the coverage of MeNB/MCG is not compromised and Pcell preamble transmission is always prioritised (RAN2 working assumptions in R2-141848), UE maximum transmit power should not be restricted from PMeNB and PSeNB. Power-sharing between the two eNBs would thus be necessary and can be done in a similar manner as in Rel-11 UL CA with MeNB/MCG transmissions are prioritized over SeNB/SCG (instead of per-channel/signal level) at the UE.

	ZTE
	We agree that the dynamic power-sharing is necessary for dual connectivity. A network supporting dual connectivity should not compromise its coverage. A UE in dual connectivity mode may not be in good SNR region in both MeNB and SeNB. Since this is in small cell deployment, MeNB and SeNB may not be collocated and the SeNB have higher density. MeNB is more target on coverage, the power for those subframes not transmitting to MeNB should be dynamically used for SeNB.
We believe the necessary prioritization for channels need to be defined to achieve this purpose.

	LG
	Yes. In our view, dynamic power sharing is necessary. Firstly, MeNB and SeNB may have different duplex mode (such as FDD and TDD) where some uplink subframes, uplink to only one eNB may happen. In such a case, it would be beneficial to utilize all UE power to uplink transmission to one eNB. Secondly, power requirement on each uplink transmission changes over time due to pathloss change and etc. Thus, semi-static power split only may require frequent reconfiguration or may not work effectively. Thirdly, by RAN2 WA, maintaining the connectivity to MCG would be important which could require the capability of allocating the UE maximum power to uplink transmission to MCG when needed. For example, PRACH transmission (with power ramping) to MCG should be able to use the UE maximum power. Thus, we consider dynamic power sharing is necessary for both synchronous and asynchronous DC scenarios. 

In terms of dynamic power sharing, we consider utilizing PCmax,c may be sufficient, however, some additional power split can be also considered. When a UE experiences the power-limited case, a simple extension of power scaling from Rel-11 priority rule can be considered. Since connectivity to MCG is important, we consider at least PRACH and PUCCH with HARQ-ACK to MCG should be prioritized over uplink transmissions to SCG. Then, a similar priority rule (such as PUCCH > PUSCH with UCI > PUSCH) can be applied to uplink transmissions over two eNBs.   

	ALU, ASB
	Dynamic power sharing is desirable because it allows each CG to fully utilize the transmit power when the other CG is not transmitting or is using less power than allocated.
However, for MCG coverage, it may not be a serious issue even if semi-static power splitting is used (when both CGs are transmitting). If the power splitting is done based on the path loss, there would be very little impact on coverage considering the fact that there is ~10 dB difference between the path losses to the MCG and the SCG. Therefore whether channel prioritization should be done across CGs needs to be further considered.

	Panasonic
	Even if power-sharing between two CGs/eNBs is not available, as described by NSN/Nokia, our view is DC is configured when UE have enough power to transmit both eNBs simultaneously. To detect this situation, PHR is used. 

To support power-sharing between CGs/eNBs means, even MCG is prioritized, from SCG perspective, opportunistic coverage (and power availability) depending on MCG activity. In the situation of SCG power shortage of PUCCH, downlink resource like PDSCH in SCG are wasted. It is quite inefficient from downlink perspective. Therefore, DC is configured when UE have enough power to transmit both eNBs simultaneously. To deploy the same coverage between DC and non-DC are inefficient downlink operation when uplink is limiting factor of the coverage.

Having said above, perfect cell planning and perfect reconfiguration between DC and non-DC are not possible. Power sharing between two CGs/eNBs helps to alleviate such situation. Therefore, power sharing between two CGs/eNBs are useful.

	HW, HiSi
	Yes. To ensure the coverage of MCG, as well as the UL peak data rate, the transmission power towards each eNB should be capable of reaching the PCMAX. By dynamic power-sharing, the power of UE can be used in a more efficient way.

	InterDigital
	Yes. Dynamic power sharing is necessary to maintain the ability of the UE to fully utilize its transmission power when dual connectivity is configured.

In our view dynamic sharing should enable the UE to use up to all the power (PCMAX) for the MCG when critical signaling needs to be transmitted for maintaining the connection. This ensures that macro coverage and mobility robustness performance is maintained, considering the observations from RAN2 in R2-141848. To enable this, the UE should allocate power in priority to MCG transmissions when indicated to do so by the network.

	CATT
	Yes. We think dynamic power sharing between CGs/eNBs is necessary to fully utilize the UE transmit power.

Appropriate power scaling scheme shall be specified for dual connectivity. Power scaling scheme in Rel-11 CA can be reused as much as possible. 

	Sharp
	Yes. Dynamic power sharing is desirable to achieve peak date rate of each CG and more efficient power usage. As an extreme case, Pcmax can be used by each CG in an opportunistic manner. According to RAN2 LS, MCG should have higher priority than SCG. This principle should be taken into account for designing the power sharing scheme between CGs.

	HTC
	Yes. Dynamic power sharing is beneficial for improving power utilization especially for the case where only one CG/eNB is capable of scheduling uplink transmission. With proper power scaling mechanism and prioritization rule, the impact of power-limited case can be reduced.

	Broadcom
	Yes, dynamic sharing is needed for efficient Dual Connectivity operation. With semi-static power split the UE, when transmitting only on one CG, would not be able to utilize all the available transmission power resources. That would impact negatively especially on coverage on MCG and achievable data rates on SCG. 

Dynamic power sharing would be performed by always allocating transmission power first to MCG and the left-over would be maximum available for SCG transmission. Furthermore, when calculating the maximum available transmission power for SCG subframe, the required transmission power of overlapping MCG subframes are taken into account. That would allow prioritizing MCG transmissions while allowing the UE to use the transmission power resources across CGs more efficiently than with semi-static split.
Agreeing on dynamic power control, we achieve efficient and flexible operation both in the non-power limited case as well as in case the conditions change towards power limited situation.  Power scaling towards SCG does not necessarily mean that the transmission is lost but indeed, there should be a threshold which determines the maximum power scaling after which UE could autonomously drop the transmission. Limiting DC only for non-power limited cases does not seem feasible as this way part of the potential of DC would be left unused.  It might be that there are only certain RRC messages to be sent to MCG while most data is sent to SCG.

We acknowledge that the needed prioritization of MCG transmission and dynamic power control leads to a situation where UE processing time is reduced. This demand could be relaxed by limiting the maximum TA on SCG which currently takes into account cell radius up to 100km.  

	Intel
	Dynamic power sharing is needed to fully utilize the power in DC. The proper prioritization rules should be defined for scaling or dropping among CGs.

	Qualcomm
	The dynamic power sharing is necessary for synchronous operation. The asynchronous operation would require additional consideration, as it has the impact on UE processing timeline. Note however that the same solution can be adopted for both synchronous and asynchronous operation, and dynamic sharing for synchronous case could be enabled by configuration. In particular, the solution that would facilitate that is: PMeNB+ PSeNB ≥ PCMAX, where PMeNB  and PSeNB are semi-statically signaled. With the choice of parameters for synchronous operation such that PMeNB+ PSeNB > PCMAX the dynamic power sharing would be enabled, while for the asynchronous case the choice of parameters such that PMeNB+ PSeNB = PCMAX would preserve the current UE processing budget and remove the need for handling the partial overlap.


Question 1:

· Are PMeNB and PSeNB (maximum transmit power per CG/eNB) need to be defined?
· If no, how the maximum transmit power per CG/eNB is determined?
· If yes, what is the relationship among PMeNB, PSeNB, Pcmax, and Pcmax,c?
	Yes: Ericsson, NSN, Nokia, Samsung, Blackberry, DOCOMO, ALU, ASB, Panasonic, InterDigital (only if PMeNB + PSeNB can exceed PCMAX or if they represent guaranteed powers), QCM
Not clear: LGE(see some benefits, but not prefer to apply it for MCG/MeNB PRACH transmission), CATT, Sharp (can be derived from Pcmax for dynamic power-sharing case), HTC, BRCM, Intel
Not necessary, should be up to RAN3: NEC

Should be up to RAN4: ZTE
No: HW, HiSi
Observations from companies’ views

· Some companies consider that PMeNB and PSeNB should be defined due to the following reasons.
· CG/eNB-level power coordination is easily achievable.

· Minimum power level for MeNB and/or SeNB can be ensured.
· For PHR perspective, it is necessary to have each CG/eNB's available power as independent scheduler. 
· Handling of unsynchronized case would be easier.

· Some companies consider that it is not necessary RAN1 should assume they are defined.

· RAN1 should decide mechanisms of dynamic power-sharing, and then consider whether to introduce PMeNB and PSeNB afterwards.

· In terms of defining PMeNB and PSeNB, three options can be considered
·       Option0: PMeNB and PSeNB are not configured

·       Option1: PMeNB + PSeNB would not exceed PCMAX
·       Option2: PMeNB + PSeNB can exceed PCMAX
· There are diverse views on how to specify PMeNB and PSeNB.
· Alt.2: PMeNB and PSeNB are higher-layer configured parameters.

· Alt.3: PMeNB and PSeNB are defined/specified in RAN4.

· Alt.4: PMeNB and PSeNB are defined/specified in RAN3 (not configured to a UE).

· There are two types of proposals on how to use the PMeNB and PSeNB.

· Usage 1: PMeNB and PSeNB are maximum transmit power per CG/eNB.

· Usage 2: PMeNB and PSeNB are guaranteed minimum transmit power per CG/eNB.

Answer to the Question 1
· There are diverse views on whether/how to introduce maximum transmit power per eNB/CG, PMeNB and PSeNB.
Agreement
· Continue discussion in RAN1#77 on whether/how to specify PMeNB and PSeNB.

· Companies supporting to introduce PMeNB and PSeNB are encouraged to provide views on the following aspects.

· Analysis on what the benefits of having PMeNB and PSeNB are.

· How to specify PMeNB and PSeNB together with the proposal of power-control mechanisms.


	Company name
	Views

	Ericsson
	Yes. Defining PMeNB, PSeNB makes it easier to coordinate power allocation at eNB level. It gives each eNB the maximum power levels it can assume in the scheduler when the eNB has inaccurate information about the link condition and the other eNB’s scheduling.
MeNB is responsible for allocating the proportionality between PMeNB and PSeNB. Both PMeNB+ PSeNB= PCMAX and PMeNB+ PSeNB> PCMAX can be enabled, supporting different levels of coordination (tight or loose) between MeNB and SeNB. For the unsync case, defining PMeNB and PSeNB makes it easier to handle partial overlap. For example, PMeNB+ PSeNB= PCMAX eliminates the need to handle partial overlap between MeNB and SeNB.
Pcmax,c is related to PMeNB the same way as Pcmax,c is related to Pcmax as in CA. Same for relationship between Pcmax,c and PSeNB. Pcmax continues to be the total configured maximum output power.

	NSN, Nokia
	We think higher layer configured PMeNB and PSeNB should be specified.

Pcmax,c(i) or configured maximum transmit power for serving cell c in subframe i is needed also in case of DC and we think that RAN1 specification changes related to this parameter are not needed.

Pcmax(i) is UE total configured maximum output power in subframe i. We think that in case of unsynchronized networks, definition of this parameter is not clear, because subframe boundaries are not aligned in different cells. We think that power scaling in unsynchronized case should be done eNB specifically so that instead of using Pcmax(i) parameter, scaling is done based on Pcmax,MeNB(n) and Pcmax,SeNB(m) parameters where n and m are subframes in MeNB and SeNB respectively. Pcmax,MeNB(n) and Pcmax,SeNB(m)  should be defined so that power scaling does not change in the middle of the subframe.  Whether PMeNB and PSeNB can be used instead of Pcmax,MeNB(n) and Pcmax,SeNB(m) or if some MPRs need to be applied to PMeNB and PSeNB should be discussed further (guidance from RAN4 is needed)

	Samsung
	Yes. This can provide control to the network by taking into account a UE’s condition in order to avoid frequent dropped or power scaled transmission. For example, to guarantee the RRC connection with the MeNB, a UE at the macro-cell edge can be given a higher PMeNB than a UE in the macro-cell interior (both of those UEs can be cell-edge or cell-interior in a small cell) and the SeNB can be more conservative in scheduling a UE that requires more transmission power in the MeNB (at least to allow short messages to reach the MeNB without power scaled or dropped transmissions to the SeNB). In this manner, both coverage on MCG and traffic offloading on the SCG can be optimally served. It is PCMAX ≤ PMeNB+ PSeNB ≤ 2 PCMAX, Pcmax,c ≤ PMeNB for the MCG, and Pcmax,c ≤ PSeNB for the SCG.

	Blackberry
	We are fine with defining PMeNB and PSeNB, and their relation with PCMAX  could include both PMeNB+ PSeNB= PCMAX and PMeNB+ PSeNB> PCMAX. It is ok to maintain  the relation between Pcmax,c to PMeNB  or PSeNB the same way as Pcmax,c to Pcmax as in CA for each eNB/CG. 

	NTT DOCOMO
	PMeNB and PSeNB need to be defined at least if semi-static power-splitting is introduced. Even for dynamic power-sharing, capability of setting PMeNB and PSeNB offers more flexibility to operators on the usage of dual connectivity. There are some alternatives to specify PMeNB and PSeNB:

Alt.1 PMeNB and PSeNB are defined/specified in RAN4

In this case, PMeNB and PSeNB could be similar to Pcmax and Pcmax,c, in which lower-bounds (as Pcmax_L and Pcmax_L,c) and upper-bounds (as Pcmax_H and Pcmax_H,c) are defined. Exact values of PMeNB and PSeNB are up to UE, but need to be between the lower- and upper-bounds. If sum of the PMeNB and PSeNB is beyond Pcmax, UE power-limited may happen, even if the PMeNB and PSeNB are introduced. On the other hand, if it is required to avoid UE power-limited case, PMeNB and PSeNB need to be sufficiently small values, so that the sum of the PMeNB and PSeNB is not higher than Pcmax.

Alt.2 PMeNB and PSeNB are defined/specified as RRC signalling

In this case, single value for each of the eNBs/CGs is indicated. They are not necessarily related to Pcmax and Pcmax,c. Since Pcmax and Pcmax,c could be different subframe-by-subframe, when sum of the indicated values are higher than Pcmax at a certain subframe, UE power-limited may happen. Sufficient power back-off is needed if the UE power-limited case needs to be avoided.

	NEC
	It is not necessary to define and/or configure new parameters, PMeNB and PSeNB (at least in RAN1 and RAN4) for dynamic power-sharing. The existing Pcmax,c and Pcmax definitions in RAN4 seemed sufficient for UE to determine the maximum transmit power per serving cell and the maximum total transmit power for dual connectivity. From UE’s perspective, it is not necessary to define the maximum transmit power at per eNB/CG level in order to fully realise dynamic power-sharing between the two eNBs.

There could be merits in defining some kind of ratio/power separation parameters (similar to or could be just PMeNB and PSeNB) with backhaul coordination between the two eNBs, only for aiding better scheduling decisions. These would not be necessary to be defined/configured to the UE as they should not influence in any way with allocating UE available transmit power towards each eNB/CG. Therefore, this could be purely RAN3’s decision.

	ZTE
	It should be decided finally by RAN4 that if the P_MeNB and P-SeNB should be introduced.  This is due to the question somehow related to UE RF structure for dual connectivity. If it is introduced, at least it can be max(P_MeNB) = max(P_SeNB)= max(Pcmax,c) = Pcmax. 

	LG
	We are not yet clear whether additional configuration of maximum power per eNB would be essential. However, one case we see some benefits is to avoid starving of low priority channels/CG by limiting maximum power per CG.  By introducing maximum power for one eNB, it could be feasible to reserve “minimum” power to the other eNB regardless of overlapped transmission(s). For example, even if PMeNB + PSeNB >= Pcmax, with PMeNB the summed power of uplink transmission(s) (PUCCH/PUSCH/SRS) to MeNB would not exceed PMeNB, then at least Pcmax - PMeNB can be reserved for uplink transmission(s) to SeNB. Thus, it could avoid the case where higher priority channel uses too much power and then cause power starving in the other eNB. As it could allow the summed power exceeds Pcmax, applying priority rule would still be needed. 

Since PRACH coverage to MeNB may need to be protected, our view is that PRACH should not be restricted by maximum power per eNB configuration in this case. Pcmax,c can be configured according to the desired coverage, and PMeNB can be configured according to power-split. Thus, we think maximum power per eNB may not be related to maximum power per carrier. In summary, maximum power per eNB can be used for limiting power consumptions on non-PRACH uplink channels. 

Another approach to utilize maximum power per eNB is to use the parameters for power scaling in a power-limited case [see R1-141344 Option1-3]. In this case, it is likely that PMeNB + PSeNB <= Pcmax. Thus, it is not easy to support higher priority on PUCCH/PRACH to MCG over other channels. Thus, even in this case, we prefer to apply maximum power per eNB to non-PRACH transmission only.  

	ALU, ASB
	We see some benefit of introducing PMeNB and PSeNB. From the eNB point of view, it allows the eNB to perform a better scheduling and avoid excessive scaling/dropping. Whether this needs to be informed to the UE depends on whether the UE would use this information for power scaling. For example, if the UE does the power scaling within each CG based on PMeNB and PSeNB, the UE needs to be informed. If introduced, they can be determined by the eNB based on the prioritization need and path losses and signaled to the UE using higher layer signaling.
If PMeNB and PSeNB are introduced, one possible enhancement (as proposed in R1-141737) is that the eNB can notify the UE two possible MCS, one corresponding to the max UE power, and one corresponding to the max power configured for this eNB. Based on the scheduling information that the UE receives, the UE can choose which MCS to use. This allows the UE to opportunistically use the total UE power.

We think whether PMeNB and PSeNB need to be introduced should be a RAN1 decision based on power control discussions, even though they may need RAN2 signaling and RAN4 definition.

	Panasonic
	PMeNB and PSeNB need to be defined.

RAN2 agreed following for PHR.

PHR handling

- Pathloss change, P-MPR change, and SCell activation triggers PHR for both MAC entities.

- Periodic, and Reconfiguration triggers PHR to corresponding MAC entity.

- PHR prohibit timer is started when a MAC entity sends PHR.
- One PHR MAC CE format is used for DC.

- As a working assumption, new LCID is allocated for PHR MAC CE for DC
If PMeNB and PSeNB are not available, the reporting PHR is always based on the total available power. MAC in each eNB cannot know whether the UE's transmission power is sufficiently available or not. Just dynamic power sharing between two CGs/eNBs without PMeNB / PSeNB means the network cannot know the difference of the following two situations.
- assigned power is reliably transmitted or
- assigned power is sometimes transmitted and sometimes not transmitted (because of the power shortage). 

This is inefficient operation for uplink. Therefore, PMeNB and PSeNB need to be defined.
PMeNB and PSeNB are corresponding to Pcmax in non-DC operation. Within each eNB, UE shall not exceed PMeNB and PSeNB respectively. When Pcmax,c is lower than  PMeNB or PSeNB in each CC, UE shall not exceed Pcmax,c for each component carrier.

The operation PMeNB+ PSeNB ≤ PCMAX  is the operation where no power-sharing between two CGs/eNBs are allowed by UE. This case needs to be at least supported. 

Whether PMeNB+ PSeNB> PCMAX  are supported or not depends on feasibility discussion on the following questions.



	HW, HiSi
	No. It is enough for support of DC to allow P_MeNB = P_SeNB = PCMAX with appropriate channel prioritization rules across CGs defined. Further flexible configuration should be justified by concrete performance benefits.. 
Actually  if P_MeNB and P_SeNB could be configured, two possible use cases can be expected, both of which unfortunately are not justified yet: 
Use case 1: P_MeNB and P_SeNB are defined as the strict upper bound of UL tx power to each eNB even for non-power-limited case, that is, UL tx power to MeNB is kept lower than  P_MeNB even in case that the sum of UL tx power to both eNBs doesn't exceed  PCMAX at all. In this case, the flexibility of allocating all UL available power to one given eNB would be restricted. 

Use case 2: P_MeNB and P_SeNB are defined as kind of power scaling/dropping reference applied to power limited case. Thus P_MeNB and P_SeNB can be seen as eNB specific power scaling weights, which means that CG type will have the highest priority for the power scaling. With such kind of use case, there could be some risk that the important UCI/channel is not well protected. 

	InterDigital
	In our view, we should first decide on how power sharing is performed between eNB’s and then determine what parameters are needed. Based on the discussion so far, we see 3 options:
Option 1: Semi-static power split. In this case, PMeNB and PSeNB are needed and represent maximum powers for MeNB and SeNB respectively, and are configured such that PMeNB + PSeNB = PCMAX. Scaling may occur in one or both CG’s if the sum of required powers for a CG exceeds PMeNB or PSeNB for the respective CG.
Option 2a: Dynamic power sharing with prioritization. In this case, PMeNB and PSeNB may still be defined as maximum powers, but may be configured such that PMeNB + PSeNB > PCMAX. When the sum of required powers over both CG’s would exceed PCMAX, the power assigned to one CG is reduced and scaling occurs within this CG. With this option, the introduction of PMeNB and PSeNB can be useful to ensure a level of coordination between eNB’s, but is not strictly mandatory.
Option 2b: Dynamic power sharing with guaranteed power. In this case, PMeNB and PSeNB are defined as the guaranteed power that each eNB can obtain in a power-limited situation. Therefore, they are configured such that PMeNB + PSeNB = PCMAX. When the sum of required powers over both CG’s does not exceed PCMAX, no scaling occurs in any CG. When the sum of required powers over both CG’s would exceed PCMAX, scaling occurs in one or both CG’s such that PMeNB or PSeNB is not exceeded for the respective CG.
We think that dynamic sharing needs to be supported and the best way to support it is Option 2a, but Option 2b could also be acceptable. 
It should be noted that independently of the above, it is possible that configured maximum powers per eNB need to be introduced by RAN4 for other reasons than power sharing, i.e. to define requirements related to maximum power reduction (MPR) or other tolerances.

	CATT
	It is unclear if it is necessary to introduce PMeNB and PSeNB.

From UE perspective, the necessity of PMeNB and PSeNB depends on if they are used for power scaling.

From eNB perspective, if the sum of PMeNB and PSeNB can exceed Pcmax or the scheduling is not restricted by PMeNB /PSeNB even though the sum of PMeNB and PSeNB does not exceed Pcmax, PMeNB and PSeNB do not provide much valuable information for scheduling. However, if the scheduling is restricted by PMeNB /PSeNB and the sum of PMeNB and PSeNB cannot exceed Pcmax, the UE transmit power cannot be fully utilized. 

Therefore, we suggest discussing power scaling scheme first and revisit this issue later.

	Sharp
	For dynamic power-sharing (say Option 0), it is unclear if PMeNB and PSeNB need to be defined or higher layer configured, since MCG can utilize full Pcmax and SCG can use the remaining power. This is related to Question 4. However, if Option 1 (hard limitation) is also supported as well as Option 0, higher layer configured PMeNB and PSeNB should be supported to enable Option 1.

	HTC
	It is still unclear to us about the necessity of defining PMeNB and PSeNB at this stage.  The major observed benefit of introducing PMeNB and PSeNB is to limit the total transmit power of SeNB and ensure the coverage of MeNB. 

From UE perspective, the transmit power per carrier is still limited by Pcmax,c and the total transmit power can also be controlled by eNB to some extent by TPC commands. The only impact of introducing PMeNB and PSeNB to UE seems to be the power scaling mechanism. Yet, if PMeNB + PSeNB > Pcmax is allowed. It may complicate the power scaling mechanism.

From eNB perspective, it is true that such power limitation can ensure the coverage of MeNB. However, without such definition, the problem can also be handled by eNB implementation (e.g. SeNB uses a more conservative power allocation strategy). Also, with appropriate prioritization rule among eNBs/CGs, the coverage of MeNB can be sustained. As a result, the necessity of introducing PMeNB and PSeNB is unclear to us.

	Broadcom
	Not clear. The PMeNB and PSeNB would be UE’s internal variables and needed only when the UE determines the available transmission power for the SCG subframe. Assuming SCG subframe l overlaps with MCG subframes k and k+1,  the UE calculates PMeNB, k as a required  transmission power on MCG subframe k and PMeNB, k+1 as a required transmission power on MCG subframe k+1. PSeNB,l would be the maximum available transmission power for SCG subframe l taking into account the PMeNB, k  and PMeNB, k+1, i.e. PSeNB,l = min((PCMAX- PMeNB, k), (PCMAX- PMeNB, k+1)). Pcmax,c can be configured as in Rel11.

	Intel
	Not clear in general. It would be essential in case of semi-static power splitting. Regarding the question “If no, how the maximum transmit power per CG/eNB is determined?”, we would rather be wondering why maximum transmit power per CG/eNB needs to be determined given Pcmax,c and Pcmax.

	Qualcomm
	Yes, specification of PMeNB and PSeNB is needed. It is beneficial as a guideline for eNBs to perform (uncoordinated) scheduling. Also, as we mentioned before, the solution that would facilitate dynamic power sharing for synchronous operation among eNBs and eliminate the need for handling the overlapping TTIs in asynchronous case, is based on semi-statically signaled PMeNB  and PSeNB: PMeNB+ PSeNB ≥ PCMAX. With the choice of parameters for synchronous operation such that PMeNB+ PSeNB > PCMAX the dynamic power sharing would be enabled, while for the asynchronous case the choice of parameters such that PMeNB+ PSeNB = PCMAX would preserve the current UE processing budget and remove the need for handling the partial overlap.

Additionally, when it is well in advance known (e.g. by configuration) that there will not be no UL transmission to the one of the eNBs, the UL transmissions to the other eNB could utilize all available power, i.e. PeNB = PCMAX. Such scenario would occur when MeNB and SeNB have cells that are TDD and FDD or TDD and TDD with different UL-DL configuration. In that case it is in advance known when (which TTI) the TDD cell would have DL transmission, and hence would not utilize any power for UL transmission (which in turn could be fully utilized for UL transmission to the other eNB). Another scenario, regardless of whether the cells are TDD or FDD, where this principle could provide benefit is when UE is in DRX inactive mode with respect to one eNB or one eNB is in off state.    


Question 2:

· In unsync case, how to define the power-limited case?
· What is the definition of Pcmax during partial overlap period?
	PCMAX is different between the partial overlap portions: NEC, LGE, Samsung, BlackBerry, ALU, ASB, Panasonic, Intel
PCMAX is constant over a subframe: Ericsson, Sharp
PCMAX should be CG/eNB-specific: NSN, Nokia, QCM
PCMAX should be up to RAN4: DOCOMO, ZTE(but all overlapping portions to subframes in the other eNB are taken into account), ALU, ASB, HW, HiSi, InterDigital, CATT, HTC,BDCM 
Observations from companies’ views

· Many companies consider that UE is considered to be power-limited if it exceeds a certain value (such as PCMAX) for any of the overlapping periods (FFS very short overlapping period similar to/same as the case of multiple TA).
· Furthermore, many companies consider that exact definition of the certain value should be up to RAN4.

· Some companies consider that power-limited should be defined per CG/eNB-basis at least in unsynchronized cases.

Answer to the Question 2
· How to detect power-limitation and corresponding actions may depend on the power-control mechanisms of synchronized and unsynchronized dual connectivity.

· The definition of the certain limitation value is considered to be up to RAN4.

Agreement
· Continue discussion in RAN1#77 what the definition of power-limited is, taking into account the exact power-control mechanisms of dual connectivity.
· FFS whether/how to specify synchronized and unsynchronized.


	Company name
	Views

	Ericsson
	We need to define one set of procedure that handles power-limited cases and non-power-limited cases. There is no need to define or differentiate the power-limited cases.

Pcmax is total configured maximum output power for a given subframe. For a given subframe of a CG/eNB, a single Pcmax value should be defined considering all overlapping situations across the entire subframe. 

	NSN, Nokia
	In unsynchronized case we have to always assume that UL subframes transmitted to different eNBs overlap only partially and current Pcmax(i) is not clearly defined because starting point and end of the subframe are not aligned between different cells of the UE.

We think that power scaling should be done eNB specifically at least in the unsynchronized case. Optimizations for the case, when UE is not really power limited, because there are unused power resources that are meant for transmission to the other eNB, could be considered.

	Samsung
	Pcmax is defined as the larger of the two total transmission powers for the respective two partial overlapping occasions over the entire subframe. Power-limited operation exists if either of the two total transmission powers exceeds Pcmax.

	Blackberry
	Share the view from Samsung

	NTT DOCOMO
	This is related to the question 3’. If UE can take into account the power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, the UE can calculate the configured transmit power during the partial overlap period. In other words, the UE can check whether each of overlapped portion is power-limited or not, even for the unsynchronized case. The definition of Pcmax during the partial overlap period should be up to RAN4.

	NEC
	Pcmax definition in dual connectivity can be same as the existing one for CA in RAN4 (36.101 Section 6.2.5A):  UE is allowed to set its total configured maximum output power Pcmax and shall be set within the following bounds: Pcmax_L ≤ Pcmax ≤ Pcmax_H.

To handle the partial overlap period, the following modifications to the existing RAN4 handling of multiple TAGs could be assumed for the unsync case in DC:

“If the UE is configured with multiple eNB/CGs and transmissions of the UE on one subframe for any serving cell in one eNB/CG overlap some portion of the transmission on a subframe for a difference serving cell in another eNB/CG, the UE minimum Pcmax_L for both subframes applies for their overlapping portion. PPowerClass shall not be exceeded by the UE during any period of time.”

To give a more complete picture, Pcmax_H can be also assumed to be the existing one:

Pcmax_H = MIN{10log10∑pemax,c, PPowerClass }, where pemax,c is the linear value of Pemax,c which is given by IE P-Max for serving cell c in 36.331.

Given by the above, this implies that Pcmax value could change in different portion of a subframe when partial overlap occurs.

If MeNB and SeNB are not synchronised and dynamic power-sharing is adopted instead of semi-static power split, power-limited could happen in the following cases:

· Power requirement for one eNB/CG already exceed Pcmax in any portion of a subframe.

· The combined power requirement for both eNBs/CGs exceeds Pcmax in the overlapped portion.

	ZTE
	Pcmax should be defined as a value assigned to certain subframe of the MeNB/SeNB. The transmission of power to that eNB in the subframe should not exceed Pcmax. How to derive Pcmax can left for RAN4, but it should taken into account of all overlapping portions to subframes in the other eNB.

	LG
	In terms of computing PCmax, we think that overlapped subframes should be considered. For example, as shown in below, to get the maximum power at n-th subframe for SeNB, both maximum power from (n, k) and maximum power from (n, k+1) should be considered. To determine power limited case, PCmax (n,k) and PCmax (n, k+1) can be used where power limited case can be examined in two overlap period (overlap between subframe n and k and between subframe n and k+1) using PCmax(n,k) and PCmax(n, k+1) respectively. At least one overlap has power limited case, it is considered as the power limited case. 
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	ALU, ASB
	PCMAX should be up to RAN4 to define. (Our understanding is that PCMAX can possibly change from one overlapping period to another.)
The UE is considered to be power-limited if it exceeds PCMAX for any of the overlapping periods.

	Panasonic
	On Pcmax , we have basically same understanding with NEC.

- UE is allowed to set its total configured maximum output power Pcmax and shall be set within the following bounds: Pcmax_L ≤ Pcmax ≤ Pcmax_H.

The multiple TAG case is modified. Same modification with NEC.

“If the UE is configured with multiple eNB/CGs and transmissions of the UE on one subframe for any serving cell in one eNB/CG overlap some portion of the transmission on a subframe for a difference serving cell in another eNB/CG, the UE minimum Pcmax_L for both subframes applies for their overlapping portion. PPowerClass shall not be exceeded by the UE during any period of time.”

When is called power-limited is different from NEC. 

The total power exceed Pcmax in any portion of a subframe is power-limited case.

	HW, HiSi
	In unsynchronized scenarios, power limited case happens when the total transmission power of any overlapping portion exceeds Pcmax. Pcmax can be left to RAN4 to decide whether a single value should be defined for a given subframe or separate Pcmax could be introduced to each overlapping portion.

	InterDigital
	When the UE calculates power for a subframe in the unsync case, it needs to ensure that PCMAX is not exceeded on any portion of the subframe and the power cannot change over the subframe. The definition of PCMAX is up to RAN4.

	CATT
	The definition of Pcmax during partial overlapped period can be left to RAN4.

The UE is power limited if the required total transmit power exceeds Pcmax considering all overlapping periods within the entire subframe.

	Sharp
	Pcmax should be determined by RAN4 as the maximum transmission power allowed to a UE considering two CGs are configured. All known UL transmissions within the subframe should be taken into account, where the known UL transmissions depend on question 4.

	HTC
	Whether to define separate maximum transmit power for different overlapped periods or a single maximum transmit power (e.g. the larger one among the different overlapped portions) should be up to RAN4.

	Broadcom
	The UE is power-limited if its total required transmission power on any overlapping part would exceed Pcmax.

	Intel
	We have the same view as NEC.

	Qualcomm
	As for the asynchronous case we would prefer defining the configuration of parameters such that PMeNB+ PSeNB = PCMAX, implying that for each eNB, UE would have semi-statically configured max transmit power with the total not exceeding the total configured maximum output power for a given subframe (PCMAX). Since there is no dynamic power sharing among the eNBs, that simplifies the power control mechanism and determination of power limitation. The power limitation would be determined independently for each eNB, by comparing the total transmit power to one eNB with the corresponding configured max transmit power level. The scaling and prioritization rules of rel-10/11 CA are directly applicable per eNB.


Question 3’:

· Do UE need to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, in the following two cases

· Case 1) when the first eNB/CG is MeNB/MCG
· Case 2) when the first eNB/CG is SeNB/SCG

Note: The first eNB/CG is the eNB/CG which is earlier in the timing.
	Yes: Samsung, BlackBerry, DOCOMO(if dynamic power-sharing is introduced), NEC(for case 2 with potential exception for PUSCH towards MeNB/MCG in a later timing contains no RRC messages), ZTE, LGE, ALU, ASB, Panasonic(depending on dynamic-sharing method),HW, HiSi, InterDigital (if processing time reduction is acceptable), CATT, Sharp, HTC, BRCM (case 2), Intel, QCM(for synchronous case)
No: Ericsson, NEC(for case 1 with potential exception for PUSCH towards MeNB/MCG contains no RRC messages), InterDigital (if processing time reduction is not acceptable), BRCM (case 1), QCM(for asynchronous case)
Observations from companies’ views

· Some companies consider that this is needed to keep the priority rules for dynamic power-sharing in unsynchronized dual connectivity.

· Most of them do not distinguish case 1 and 2, but some prefer to distinguish the two cases.

· Some companies consider that UE should not be required to do it in unsynchronized case. 

Answer to the Question 3’
· If dynamic power-sharing between eNBs/CGs is introduced for unsynchronized case, and if prioritizing the first in time transmission is not introduced, UE needs to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, in the following two cases.

· Case 1) When the first eNB/CG is MeNB/MCG,

· Case 2) When the first eNB/CG is SeNb/SCG.

Note: The first eNB/CG is the eNB/CG which is earlier in the timing.
Note: “Taking into account” does not necessary mean to reduce the power.

Note: On-going transmission in a subframe should always be maintained.

Agreement
· Consider the above answer to the Question 3’ as RAN1’s baseline understanding
· Continue discussion in RAN1#77 on whether this is actually applied to the unsynchronized case and what the priority order of the channels/signals between eNBs/CGs including the level of UE implementation flexibility is.


	Company name
	Views

	Ericsson
	No. In RAN1, power allocation of an earlier subframe does not need to take into account the power requirement of a future subframe, since it will substantially complicates the power control mechanism. 
The more important question for RAN1 to confirm this: Transmission power of the other eNB needs to be taken into account before allocating power to the second eNB, where the second eNB is later in timing.

	NSN, Nokia
	We think that case 1 and 2 should be treated in the same way.

In synchronized case UE should take into account transmissions to the other eNB. (Even if semi-static power split is defined for synchronized case, UE should be able to utilize unused power resources that are meant for transmission to the other eNB).

In unsynchronized case we think that semi-static power split between eNBs should be used and the operation could be enhanced so that transmissions to the other eNB are taken into account.

	Samsung
	Yes. The UE can know for example that it has a HARQ-ACK transmission to the MeNB and can know the respective required power before an earlier starting transmission of data to the SeNB in a subframe that would partially overlap with the HARQ-ACK subframe. If the total power of “HARQ-ACK + data” exceeds PCMAX, the UE can prioritize HARQ-ACK. The same rule can apply for synchronous operation (no need for different sync/async behaviors). In general, in order to guarantee RRC connection with the MeNB, the answer is Yes. However, whether either “Yes” or “No” needs to be specified is FFS. In addition, it is beneficial for each eNB to know UE transmission patterns in the other eNB (more beneficial than knowing a PHR). For example, if the DRX patterns (or the measurement gap patterns, or SPS transmissions, etc.) are not same, one eNB can take into account the UE DRX state in the other eNB in the power allocation. 

	Blackberry
	Yes, we feel the UE shall determine its transmit power taking into account of power requirement of other eNB/CG that overlapping with its transmission. We feel the similar priority rule that is applied to sync case could also be applied to unsync cases here. 

	NTT DOCOMO
	If it is possible to take into account the power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, channel prioritization rules could be kept even when eNBs/CGs are unsynchronized, and therefore, dynamic power-sharing is easier to be supported.

If it is impossible to do so, channel prioritization rules cannot be kept. For example, if power allocation is decided to a subframe in a CG which is 0.5ms earlier than another subframe transmission in another CG, the later subframe can get only remaining power. This means that earlier transmission is prioritized over the later transmission. Therefore, dynamic power-sharing is more complicated in this case.

Therefore, we consider the question 3’ is yes, if dynamic power-sharing is introduced for unsynchronized cases.

	NEC
	Based on RAN2’s working assumption in R2-141848 that:

· MCG serving cells carry SRBs have to be prioritize for the essential signalling (RRC messages in both directions eNB<==>UE) for maintaining the RRC connection, and 
· PCell preamble transmission is always prioritised over preambles in any other cells,
imply that at least PUCCH (ACK/NACK and SR), PUSCH carrying RRC messages and PCell preambles towards MeNB/MCG always has highest priority for allocation UE transmission power. In other words, MeNB/MCG UL coverage should not be compromised during the process of UE allocating transmission power between the two eNBs/CGs.

From the above RAN2 requirements, the following conclusions is reached for the two cases:

Case 1) No, with potential exception for PUSCH towards MeNB/MCG contains no RRC messages.

Case 2) Yes, with potential exception for PUSCH towards MeNB/MCG in a later timing contains no RRC messages.

	ZTE
	We also think the Case 1) and Case 2) should be applied with some unified rules. In another word, the timing sequence should not be a determining factor for allocating power.  Thus, a UE might need to know transmitting information of the later coming subframe from the other eNB to decide the power of this eNB.
So this implies it is necessary to define priority rules. If the transmitting subframe already has highest prority, it does not need to wait for the later subframe from other eNB. 

	LG
	Yes, in our view, to protect higher priority uplink transmissions such as PRACH and PUCCH, when power is allocated, the power to the other eNB in the overlapped subframes can be taken into account for. As mentioned before, Pcmax may be computed at each overlap portion (e.g., (n, k) and (n, k+1)), then power scaling can be applied in each overlap as well. In other words, power scaling rule can be applied to the overlap portion (n, k) and (n, k+1) respectively, then the minimum power from both cases can be considered as the final power allocation to an uplink transmission. 

	ALU, ASB
	We prefer case 1 and case 2 are treated in the same way. By taking into account the power requirement in a future overlapping subframe, more efficient power sharing can be achieved. Note that this does not necessarily mean that prioritization across CGs is required.

	Panasonic
	If PMeNB+ PSeNB ≤ PCMAX  (no dynamic power sharing between two CGs/eNBs), UE is not required to take into account of power requirement of the other eNB/CG before allocating its available power for first eNB/CG in both cases. 

If earlier transmission (or on-going transmission) of CG/eNB is always prioritized,  UE is not required to take into account of power requirement of the other eNB/CG before allocating its available power for first eNB/CG. But UE power allocation is very un-predicable from network side as sometimes power shortage and sometimes power is available depending on the other eNB's assignment. Therefore, this operation should be avoided.

If PMeNB+ PSeNB> PCMAX  is supported, UE is required to take into account of power requirement of the other eNB/CG before allocating its available power for first eNB/CG in both cases.
PRACH's TA value is always zero. Therefore, the behavior is always unsynchronized to PUSCH/PUCCH. On the other hand, it is sent less often compared with  PUSCH/PUCCH.  In addition, UE's internal processing is different from PUSCH/PUCCH. Therefore, PRACH case can be discussed separately.

We agree the need of the prioritize PUSCH containing RRC message. For the mobility robustness, this is more important than PUCCH on SCG/SeNB. We don't want to distinguish between PUSCH containing RRC and PUSCH not containing PUSCH in physical layer as it is layer violation. Therefore, the power for MeNB/MCG needs to be semi-statically protected by configuring PMeNB.

	HW, HiSi
	Yes. We believe that transmission power of a given subframe should take into account all potential overlapping subframes, while Case 1 and Case 2 may not be differentiated in an explicit way.

	InterDigital
	Both options seem feasible  and should not be precluded at this point
Option 1: The transmission power for a CG in a subframe is calculated without taking into account the power requirement for the other CG in an overlapping subframe starting later.

· No significant reduction of the available UE processing time.

· This implicitly gives priority to the earlier transmission and could thus result in the same eNB grabbing most of the power for a significant duration. This could be prevented by network implementation, e.g. occasionally reducing the grant to allow power to flow to the other eNB.

· In case a critical transmission would need to occur in the overlapping subframe starting later, the UE could drop the earlier overlapping transmission before it starts (according to a priority rule, if necessary).

Option 2: The transmission power for a CG in a subframe is calculated taking into account the power requirement for the other CG in an overlapping subframe starting later.

· Incurs a reduction of the available UE processing time for the unsynchronous case (but could still be acceptable). For the synchronous case, no such issue exists.
· Allows prioritization to be defined based on criteria other than timing.

	CATT
	Yes. It is beneficial if UE can take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG so that transmission with higher priority can be guaranteed. Both case 1 and case 2 can be treated in the same way.

	Sharp
	Yes. For dynamic power-sharing, to determine the transmission power of one eNB/CG, the UE needs to consider the other eNB/CG. Based on the agreements in RAN2, MCG transmission is prioritized over SCG regardless of channels.

For option 1, no need to consider the other eNB/CG.

	HTC
	Yes. We think UE need to take into account of power requirement of the other eNB/CG before allocating its available power for the first eNB/CG or it may hurt the performance of the other eNB/CG. Both cases should be treated in the same way.

One may argue that such consideration complicates the power control process. Yet, we think simple extension from power scaling mechanism in sync DC can solve the problem. For example, considering the two overlapped portions from the other eNB, the power scaling of the first eNB can be done twice, i.e., the power scaling is done on the first portion of the other eNB firstly and then on the second portion of the other eNB.

	Broadcom
	Case 1: no.  It’s considered that transmissions on MCG are to be prioritized over transmissions on SCG.

Case 2: yes. Dynamic power sharing would be performed by always allocating transmission power first to MCG and the left-over would be maximum available for SCG transmission. Furthermore, when calculating the maximum available transmission power for SCG subframe, the required transmission power of overlapping MCG subframes are taken into account. That would allow prioritizing MCG transmissions while allowing the UE to use the transmission power resources across CGs more efficiently than with semi-static split.

	Intel
	Yes, we think UE needs to take the power requirement of the other eNB/CG before allocating its available power for the first eNB/CG.

	Qualcomm
	In synchronized case yes, and the following scenarios could be considered:

1) The required Tx power to transmit to each eNB does not exceed the configured max Tx power for that eNB, but the total power exceeds the PCMAX 

· In this case the prioritization rules could consider prioritization of channels across eNBs, e.g. give highest priority to PUCCH of MeNB, then PUCCH of pSeNB, then PUSCH with UCI on MeNB, …

2) UE is in the power limited scenario with respect to one eNB (i.e. required Tx power to transmit to that eNB exceeds the configured max Tx power for that eNB) and is not power limited with respect to the other eNB

· UE applies scaling rules to transmissions to the power limited eNB according to the Rel-10/11 with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional scaling as in 1) can be performed
3) UE is in the power limited scenario with respect to both eNBs (i.e. required Tx power to transmit to an eNB exceeds the configured max Tx power for that eNB) 

· UE applies scaling rules to transmissions to both power limited eNBs according to the Rel-10/11 independently, with respect to the corresponding PeNB
· If after scaling the total required power to both eNBs exceeds the PCMAX, the additional scaling as in 1) can be performed.

In asynchronous case no, since we would prefer defining the configuration of parameters such that PMeNB+ PSeNB = PCMAX, and power management would be done independently for each eNB.


Question 4:

· Is the additional processing time reduction (maximum close to 1ms) acceptable?
· Transmit power is largely affected by the contents of UL grant, in unsync case, due to the timing difference between eNBs, maximum 1ms additional time processing time reduction may be needed

	Yes: Ericsson, Samsung, BlackBerry, NEC, ZTE, ALU, ASB, HW, HiSi, InterDigital, CATT, Sharp, HTC, BRCM (max TA value in SCG could be lowered to alleviate processing delay reduction requirement), Intel
Desirable: NSN, Nokia, DOCOMO, LGE

Not mandatory to all DC UEs: Panasonic
No: QCM

Observations from companies’ views

· Many companies consider that the processing time reduction due to unsynchronized dual connectivity would be necessary/desirable/acceptable.

· Some companies consider that the processing time should not be reduced considering UE implementation, ePDCCH usage, and/or eIMTA operation.

· Following proposals are found for the processing time reduction.
· Proposal 1: Supported TA value is reduced.

· Proposal 2: Left for UE implementation in difficult situation.

Answer to the Question 4
· There is no consensus on whether or not the processing time reduction is acceptable, and further discussion is necessary.
Agreement
· Continue discussion in RAN1#77 together with the exact power-control mechanisms.


	Company name
	Views

	Ericsson
	Yes. The processing time is actually not reduced for the vast majority of UE processing. Most UE processing (e.g., demodulation, decoding, construction of PUCCH/PUSCH) can be carried out without any delay. The time reduction only applies to power control part, and the delay is acceptable.

	NSN, Nokia
	Setting of UL power and processing of transmitted bits are rather independent operations but in the case that PHR is included in the PUSCH, UE needs to determine TX power first. In unsynchronized case, if UE has to consider overlapping transmissions to the other eNB, somewhat faster processing is needed in the UE.

	Samsung
	Yes. The UE can know the required transmission power well in advance of the actual transmission (at least 2+ ms in advance). 

	BlackBerry
	We feel the further reduction of processing time (up to 1ms) due to the unsync case could still be acceptable.

	NTT DOCOMO
	It is desirable to accept this time reduction to support dynamic power-sharing with keeping channel/signal/CG prioritization rules.

Rel.11 multiple-TA has the same problem. Further clarification is necessary what was actually considered during Rel.11.

	NEC
	It is preferable and necessary to consider this processing time reduction to almost 1ms earlier, in order to account for prioritization of MeNB/MCG transmissions (RAN2 WA).

	ZTE
	Logically, the power setting delay does not impact on the major parts of UE processing. Further, from network deployment, those further latency only impact the case with very large cell radius. 

	LG
	For efficient power scaling/priority rule, it is desirable to allow processing time reduction.

	ALU, ASB
	It is considered acceptable because the UE only needs to know/calculate the power control related parameters in advance, while the processing time for all other procedures is not affected.

	Panasonic
	In case of PMeNB+ PSeNB ≤ PCMAX  or earlier transmission always prioritized, no additional processing time reduction is required.

In case dynamic power sharing between eNBs/CGs, additional processing time reduction is required. The timing diagram is following. By ePDCCH and larger propagation delay, the minimum processing time is only 1.33 ms available.
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The bit processing part and setting the power can be design independently but it could require big modification of existing way of the implementation. In addition, how fast setting power should be configured/indicated between RF and baseband could be one of complicated part. Therefore, we think to demand all DC capable UE with shorter processing time could delay the product availability of DC terminal.

In case of multi-TA, the time difference is only up to 32 usec order. Therefore, the shortage of processing time is not critical.

	HW, HiSi
	Yes. In unsync case, processing time reduction is necessary for the fast UL power decision.

	InterDigital
	Yes, the processing time reduction seems acceptable as power-related calculations are not the most significant portion of overall processing.

	CATT
	The processing time is only reduced for power control and is deemed acceptable.

	Sharp
	The processing time reduction is beneficial to allow more efficient power allocation in dual connectivity.  It is beneficial that MCG power allocation for overlapping subframes (including later subframe) is available when SCG power is calculated.

	HTC
	Yes. The additional processing time reduction is acceptable due to the fact that the processing time of power control related process is much shorter compared to other processes (e.g. encoding).

	Broadcom
	The required reduction in available processing time could be alleviated in if the UE is able to assume that the maximum possible TA value for SCG is smaller than the current defined maximum value (supporting a cell radius of 100 km). That is considered to be justified by the fact that the SCG cells are envisioned to be small cells requiring only small TA values to be actually used.

	Intel
	We think the processing time can be reduced for Rel-12 UE supporting DC.

	Qualcomm
	No. The further UE processing time reduction puts an additional strain at the UE implementation without the proven benefits of the scheme that imposes the processing time reduction. Also note that the strain becomes even more significant with ePDCCH configuration, where the timeline is even more shrunk due to the delay ePDCCH introduces with respect to PDCCH. Additional timeline problems by incurring the UE processing time reduction would be faced with eIMTA operation.  


Question 5:

· Is it allowable to keep some aspects as UE implementation matters?
· What should be specified while what can be left as UE implementation?
	Similar approach as CA/MTA: Ericsson, NSN, Nokia, BlackBerry, NEC, HW, HiSi, InterDigital, Sharp, Intel, QCM
Not clear yet: DOCOMO, ZTE, LGE, ALU, ASB, CATT, HTC, BRCM
Additional aspects can be left to UE implementation: Samsung

Dynamic power sharing is UE implementation matter: Panasonic

Observations from companies’ views
· Some companies consider that straightforward way is to follow CA/MTA specification procedure.
· Some companies consider that it depends on power-control mechanisms.
· Some companies consider additional aspects can be left to UE implementation.
Answer to the Question 5
· Which aspects could be left as UE implementation requires more discussion on the power-control mechanisms.
· Some aspects would be left as UE implementation as in CA/MTA specification (FFS additional aspects).
Agreement
· Revisit the Question 5 after RAN1 find high-level concepts of power-control of dual connectivity.


	Company name
	Views

	Ericsson
	Yes. Similar to CA, certain aspects can be left to UE implementation. For example, power scaling factors; decision to drop a channel/signal when its power too low.
Exactly what operation is left to UE implementation is contingent on the power control scheme RAN1 will adopt.

	NSN, Nokia
	In multiple TA standardization exact UE behavior during partial overlap period was left as UE implementation. We may have similar situations also in the case of DC, where for a short period of time UE Tx power is not accurately defined.

	Samsung
	Yes. For example, in addition to the aspects left to UE implementation in CA, prioritization of data information to the MeNB over UCI to the SeNB can be left to UE implementation (see R1-141294 for discussion on additional aspects that can be left to UE implementation).

	Blackberry
	Yes, similar as CA, certain aspects could be left for UE implementation. However, some important prioritization may need to be investigated and specified if needed. 

	NTT DOCOMO
	From operator’s point of view, leaving something as UE implementation should be avoided as much as possible.What exactly implementation and specified should be clear after power control mechanisms has been made.

	NEC
	For the dynamic power sharing scheme, aspects that could be left for UE implementation can be similar to CA, on a per eNB/CG level for dual connectivity.

	ZTE
	Should be a option for some complicated cases. However, specified behavior should be targeted. 

	LG
	In terms of UE implementation to drop certain uplink channel depending on the scaled power, we consider a threshold could be configured by higher layer. For other aspects, we think the implementation aspects would become clearer once power control scheme is determined.  

	ALU, ASB
	This question should be revisited after RAN1 agrees on high-level power control principles.

	Panasonic
	The function which require the shortage of the processing time can be UE implementation. It means dynamic power sharing between eNBs/CGs is up to UE implementation. This is in line with network side  operation as, in any way, the expected power cannot be available depending on the other eNB's operation. So the network operation of dynamic power sharing is rather opportunistic based. The strict definition for power sharing delays the standardization. In general, more freedom of the UE implementation, more possibility of UE power efficiency, which is to keep UE's longer battery life.

At the boundary of the power change like subframe boundary, if the transition of the power is instantaneous, it generate the interference to un-intended frequencies similar to square wave. In order to avoid such out of band emission, the transition part of the power and waveform are required to be adjusted. How these are managed is up to UE implementation within the period defined as transient period. 



	HW, HiSi
	Yes.  Definitely some aspects could be left to UE implementation, which should be decided based on further discussion.

	InterDigital
	Yes. It can be expected that scaling within a cell group in the power-limited case follows similar behavior as for CA, for which some aspects were left to implementation.

	CATT
	It should be discussed after we agree on the high-level power control principles. 

	Sharp
	Yes. The power limited case handling procedure and priority rules should be defined for dual connectivity. The per eNB/CG/cell level handling can be UE implementation issue, e.g. configuration of Pcmax, Pcmax,c etc.

	HTC
	It will be clearer after we achieve some more agreements on other related issues.

	Broadcom
	Same as ALU, ASB.

	Intel
	Yes. The further discussions can be made which aspects are not left as UE implementation.

	Qualcomm
	Yes, at least the Rel-10/11 CA functionalities left to UE implementation should be applicable in the case of dual connectivity. Additional functionalities specific to dual connectivity could also be considered to be left to UE implementation. 


Question 6:

· What should be decided in RAN1 and what in RAN4?
	Observations from companies’ views

· Companies have similar views; RAN1 should specify UL power-control mechanisms including power-limited handling of dual connectivity, and that RAN4 should define performance requirements as well as configured transmit power for dual connectivity.
Answer to the Question 6
· RAN1 will define UL power-control mechanisms including power-limited handling of dual connectivity. It is expected that RAN4 defines performance requirements including configured transmit power for dual connectivity.

Agreement
· RAN1 will send a LS to RAN4 after reaching high-level direction of power-control mechanisms (e.g., dynamic power-sharing is needed or not, PMeNB and PSeNB are defined or not, etc) so that RAN4 can start their work in an appropriate timing.


	Company name
	Views

	Ericsson
	RAN1 needs to define the UL power control procedure for dual-connectivity in TS 36.213. Then RAN1 informs RAN4 via LS if there are specific issues. In response RAN4 should define the core and performance requirements for dual connectivity for the UL.  Within this responsibility RAN4 may also define Pcmax,L and Pcmax, H for dual-connectivity. 

	NSN, Nokia
	Work split should be the same as previously. RAN1 should decide principles of UL PC and UE operation in case of power limitation.

	Samsung
	Similar to CA. RAN1 should define the overall power control mechanism and the aspects that need to be specified in case of power limited operation. RAN4 needs to define performance requirements.  

	Blackberry
	Work split would be similar as in CA, namely, RAN1 should decide the power control procedure and UE behavior and RAN4 may need to define performance requirement. 

	NTT DOCOMO
	RAN1 should decide power-control mechanisms and power-limited handling of a UE for the given maximum transmit power per CG/eNB and/or per UE, considering both synchronized and unsynchronized cases. Then, exact definitions of power-limitation should be decided in RAN4.

	NEC
	Firstly, RAN1 should reach top-level agreement on the type of UL power allocation scheme (e.g. dynamic power-sharing or semi-static) to be used for dual connectivity. Some general working principles should be established (without needing the finer details like prioritization between the channels within a eNB/CG and the exact power scaling method between channels/signals across eNBs/CGs) that are considered sufficient for RAN4 to start their specification work on their agreed new section in 36.101.

Then in RAN1, the finer details can be defined for 36.213.

	ZTE
	RAN1 should define the necessary unified power control behavior for both synchronized and unsynchronized network. RAN4 should defined the performance requirement including calculation of detail values of Pmax.

	LG
	RAN1 needs to define power control procedure for DC including handling of power limited case. It would be good to discuss common understanding on maximum power. Yet, RAN4 would finalize the configured UE power in sync and asynchronous case.  

	ALU, ASB
	RAN1 defines the power control procedures and the handling of the power limited cases. RAN4 provides the definitions of various maximum transmit power parameters and performance requirements.

	Panasonic
	Which spec describe what function are similar to CA.

Similar to CA, multiple interaction between RAN1 and RAN4 are required. 

RAN1 should decide top-level working assumption in order to allow RAN4 start their work. The working assumption feasibility should be checked by RAN4 similar to CA case.

	HW, HiSi
	Channel prioritization rules for channel combination across CGs and UE behavior in power limited case, as well as some necessary schemes to handle  asynch case should be clearly defined in RAN1.  

	InterDigital
	RAN1 defines UL power control principles for dual-connectivity. RAN4 may update definitions of PCMAX, PCMAX,c and possibly introduce PCMAX per eNB. In case new parameters are introduced (PMeNB, PSeNB) RAN4 should be informed and take this into account.

	CATT
	RAN1 is responsible of defining the power control principles and mechanism. RAN4 should define corresponding parameters and requirements.

	Sharp
	RAN1 should define the procedures of power allocation, channel prioritization rules in power limited case, and power scaling rules.

RAN4 should provide requirements for Pcmax, Pcmax,c, etc.


	HTC
	RAN1 defines the power scaling mechanism and the prioritization rule. RAN4 defines the maximum transmit power and the corresponding parameters.

	Intel
	We share the same view as the potential way forward.

	Qualcomm
	RAN1 should define the power control rules for dual connectivity. RAN4 should define the core and performance requirements for dual connectivity.


Question 7:

· Is configuration of UE maximum transmit power per serving cell applicable in dual connectivity?
	Yes: Ericsson, NSN, Nokia, Samsung, BlackBerry, DOCOMO, NEC, ZTE, LGE, ALU, ASB,  Panasonic, HW, HiSi, InterDigital, CATT, Sharp, HTC, BRCM, Intel
Observations from companies’ views

· Many companies consider that maximum transmit power per serving cell should be applicable.
· Many seems to consider that it would be PCMAX,c derived from PEMAX,c.

Answer to the Question 7
· It is understood that even when a UE is configured with dual connectivity, the maximum output power for each serving cell c shall not be exceeded.
Agreement
· RAN1 will assume that the maximum output power for each serving cell c shall not be exceeded even for dual connectivity.


	Company name
	Views

	Ericsson
	Yes. We understand this refers to the IE P-Max defined in 36.331 for each serving cell. It should be possible to configure the maximum output power per serving when operating dual connectivity. The reason is that the network may want to limit the output power on a certain cell, and this has been possible since Rel-8 and should still be possible when operating dual connectivity. To achieve this the parameter from Rel-8 can be reused, i.e. the P-max in RRC that impacts the Pcmax,c and Pcmax through 36.101. 

	NSN, Nokia
	Yes. If higher layer parameter P-Max (PEMAX,c in the RAN4 specs) is configured, it must be taken into account by UEs configured to dual connectivity. 

It should be noted that P-Max is a cell specific parameter and cannot be used to replace PMeNB and PSeNB because only UEs that are configured for dual connectivity should apply PMeNB and PSeNB (UE specific configuration).

	Samsung
	Yes. Same as for CA (CA applies within each CG).

	BlackBerry 
	Share the view from Ericsson and Samsung. 

	NTT DOCOMO
	Yes

	NEC
	Yes, same understanding as Ericsson.

	ZTE
	Yes, the UE maximum transmit power per serving cell should be used.

	LG
	In our view, PCmax per serving cell can be still used in DC regardless of introducing PCmax per eNB or not. One example is that each eNB may configure multiple uplink transmissions where maximum power per carrier still be configurable. 

	ALU, ASB
	Yes, same as for CA.

	Panasonic
	Yes

	HW, HiSi
	Yes. Legacy definition can be reused.

	InterDigital
	Yes

	CATT
	Yes

	Sharp
	Yes. For each cell, the same legacy definition can be used.

	HTC
	Yes

	Broadcom
	Yes

	Intel
	Yes

	Qualcomm
	Yes, as it is defined per serving cell, and as in Rel-10/11 CA on each of the eNBs can be configured with P-Max.  Note that this parameter is separate and is in addition to parameters PMeNB and PSeNB discussed before. P-Max cannot be exceeded by the UE irrespective of any dynamic power sharing.
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