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1. Summary of the discussion
In RAN1#76bis, a short offline discussion regarding TPC aspects of dual connectivity was held. The purpose of this discussion was to identify potential TPC solutions for dual connectivity. However, instead of that, it was identified that there may be different understandings/assumptions for power-limited handling. Following were raised as potential arguments that people may have different understandings/assumptions and therefore needs to be clarified.

Question 1: Is PeNB (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 PeNB, Pcmax, and Pcmax,c?

Question 2: In unsync case, how to define the power-limited case?

· What is the definition of Pcmax during partial overlap period?

Question 3: Is it possible for UE to change the transmit power during subframe?

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 processing time reduction may be needed

Question 5: Is it allowable to keep some parts as UE implementation matters?

Question 6: What should be decided in RAN1 and what in RAN4?

It should be noted that some companies already provided their initial views on some of the questions above; these are described in Section 2.

Based on the above discussion outcome, we propose following.
Proposal:

· At first RAN1 make common understandings/assumptions on at least questions 1 - 4 to consider potential solutions of TPC for dual connectivity efficiently
· If it is not possible to align the understandings/assumptions, and/or companies need to think more and/or to check RAN4 colleague, the discussion should be continued until the next meeting.
· Questions 5 and 6 should also be taken into account when considering the potential solutions.
2. Email discussions
	Question 1:
How people consider the relationship between P_eNB, Pcmax,c, and Pcmax, where P_eNB refers to the maximum transmit power per CG/eNB?
If P_eNB is not defined at all, UL-CA based power-limited handling within an eNB/CG is not ensured? 
[ALU/ASB] If P_eNB is defined and the sum does not exceed Pcmax, the existing power-limited handling can be directly reused without the need for new rules. Otherwise, we may need to define new rules on top of existing ones. 
[ZTE]  It can be max(P_eNB) = max(Pcmax,c) = Pcmax. Thus, the Rel-11 rules can be reused
[Ericsson]  For Alt 1, P_{cmax,MeNB} and P_{cmax,SeNB} are calculated individually, replacing the existing Pcmax. For Alt 2, Pcmax is calculated similar to UL inter-band CA, then P_{cmax,MeNB} and P_{cmax,SeNB} are derived from Pcmax.  For both Alt-1 and Alt-2, Pcmax,c is defined per serving cell, same as in CA.        If P_eNB is not defined at all, the UL-CA based power limitation handling cannot be applied to an eNB/CG, since there is no eNB-specific “Pcmax” to use in the power control equations.
[LG]: We believe some more clarification on PCmax definition in async case needs to first clarified. Then, we may have better understanding the relationship among those values as well as how to configure those values. Assuming you are asking whether P_eNB needs to be introduced to support async case, our view is that we think power scaling across eNBs can work without introducing per eNB maximum power. For original question from Panasonic, we consider to reuse semi-static power restriction per CC in current spec. 
[Samsung]: P_eNB is beneficial to define in order to assist the schedulers at the MeNB and the SeNB avoid frequent power reductions and/or dropped transmissions from a given UE. However, whether P_eNB is also mandatory to define depends on how power scaling is done. 
[InterDigital] Transmissions on each serving cell are limited by Pcmax,c as in R11, for both alternatives. P_eNB is the maximum total power for the CG/eNB which is calculated every subframe and is not a fixed value. Then if the total power of the UE (over both CGs) would NOT exceed Pcmax, no scaling occurs and P_eNB for a CG is simply the sum of powers over the CG. If the total power of the UE (over both CGs) would exceed Pcmax, P_eNB are calculated such that their sum does not exceed Pcmax, then R11 scaling rules are applied within each CG using P_eNB instead of Pcmax. In Alt. 1 the P_eNB may be calculated such that no scaling occurs on a high priority CG, or perhaps such that same amount of scaling occurs on both CGs. In Alt. 2 the P_eNB are set based on the configured P_MeNB_max and P_SeNB_max.
[NEC]: Currently, P_eNB (maximum transmit power per CG/eNB) is not defined and the derivation of Pcmax,c and Pcmax in RAN4 are not calculated at per eNB/CG level. Therefore, there is no relationship between them. If the term P_eNB needs to be introduced for DC, RAN4 would have to define their relationships together with RAN2’s RRC parameter “P-Max”. Considering MeNB and SeNB are likely need to also support non-DC capable (e.g. legacy) UEs in the same serving cells with DC-enabled UEs, it may not be feasible to change the existing P-Max, Pcmax,c and Pcmax  definitions.  Then in this case, a new set of terms similar to Pcmax,c and Pcmax at per-eNB/CG level may be needed in RAN4 for DC. In our view, P_eNB is not needed for Alt 1. Dynamic sharing of total UE available power between MeNB and SeNB can be done with existing  P-Max, Pcmax,c and Pcmax definitions. Keep in mind, eNBs can still control the maximum output power from a UE by setting the P-Max for that serving cell.
If P_eNB is not defined at all, new power-limited handling is needed for serving cells across eNBs/CGs. In this case, we can further consider whether it is necessary to prioritize one eNB/CG over the other and how to handle the async case (e.g. UE allocate power towards the first eNB/CG without considering the power requirement for the second eNB/CG or perform power scaling first by considering the power requirement for the second eNB/CG, or something else…).
[BlackBerry] We feel the need to define P_eNB could depend on the rules of power scaling. If we like to apply CA rule across eNBs, then the need of defining  P_eNB may not be that strong. If we like to follow the rule of CA within each eNB and may add priority on top between eNBs, then we may need to define P_eNB which acts like Pcmax in applying power sharing rule within each eNB.   That is similar as we consider Alt 1 and Alt 2.

Question 2:
How companies consider additional processing delay for the unsync DC cases?
Panasonic and NSNN pointed out a potential concern on this. 
[ALU/ASB] This depends on the details of the power prioritization/scaling scheme. The processing time would not be shortened for some schemes, e.g. semi-static power splitting, or some specific way of performing power scaling which does  not take into account the future scheduling info.
[ZTE] This is depend on the one more question: if the UE should equally scaling for the whole subframe or UE can consider overlapped part.   
[Ericsson]  We do not see a problem with the additiona l processing delay. Firstly future subframes do not have to be taken into account. Also for Alt 2-1, the same procedure applies regardless of subframe synchronization. If future subframes are taken into account in Alt 1 and Alt 2-2, vast majority of UL processing (e.g., demodulation/decoding of PDCCH/PDSCH, construction of PUCCH/PUSCH) are not affected by the unsynchronized subframe.
[LG]: In our view, other operation except for power setting would be ready for UL transmission before reception of DCI corresponding to UL transmission of other eNB in overlapping portion. Therefore, additional processing delay may not be significant problem. However, we think it should be further checked. 
[Samsung]: Fundamentally, there should not be a problem due to asynchronous operation for determining subsequent total transmission power in overlapping subframes. A UE can know the total transmission power once it gets the parsed information of detected DCI formats from the MAC and can determine MPR, TPC commands, PUSCH+PUCCH (if applicable), etc.. The subsequent processing time needed, after the PHY receiving the control information from the MAC, relates mostly to demodulation/decoding or encoding/modulation operations. Of course, if a company sees a problem, further analysis can be provided.  
[InterDigital] Our current understanding is that the required power for a transmission on PUSCH or PUCCH can be entire ly determined based on the grant/assignment parameters and can be calculated before (or in parallel with) construction of PUCCH or PUSCH (including MAC and PHY processing). Even taking into account extra processing time with E-PDCCH and even if the required power of an overlapping subframe starting almost 1 ms after needs to be determined, there should be enough time to calculate any required scaling. It could be further checked if use of eIMTA changes this assessment.
[NEC]: Not clear to us the additional processing delay in the async case compare to what we have currently in Rel-11 (with EPDCCH) is a significant issue.
[BlackBerry]  It is good to discuss this issue. As mentioned by Samsung and IDC, there could be 1ms less time to handle the power scaling  (assuming the power scaling in one subframe is the same as raised by ZTE) comparing with sync scenarios, however, from the preliminary discussion, it seems this may not impose too much problem considering the overall processing time and parallel processing mechanism.

Question 3:
What should be specified, and what should be left as implementation matters?
Can we leave some UE behaviors as implementation matters? 
[ALU/ASB] Generally speaking we are open on this aspect, but need to discuss case-by-case. We prefer to prioritize UCI-related transmissions at least.
[ZTE] We think the be behavior should specified. There could be some minor case not need specification, but should not state at the beginning. 
[Ericsson]  Reusing the existing CA practice within an eNB/CG, where there are already aspects that are up to UE implementation (e.g., choose scaling factor value, choose to drop a PUSCH).
[LG]: We need further discussion.
[Samsung]: Prioritization of UL information types has been defined in Rel-11 and can be re-used. For tie-breaking, either a simple rule priori tizing the MeNB or a more refined rule optimizing spectral efficiency can be considered. Many aspects, such as all those related to whether MAC CEs or RRC messages are prioritized, can be left to UE implementation (a UE is already allowed to drop a PUSCH but it should also be allowed to not scale a PUSCH even if the PUSCH does not contain UCI – then, everything can be left to the UE implementation). 
[InterDigital] We think that at least prioritization between CG’s and power sharing should be specified. No further specification is required for scaling/dropping within a CG as existing R11 behaviour can be reused.
[NEC]: For Alt 1, new prioritization and power scaling rules across eNB/CG , and whether we want to prioritize one eNB/CG over the other. What could be left for UE implementation is parallel PRACH and maybe some others (e.g. dropping or equal power scaling for PUSCH (no UCI) + PUSCH (no UCI)). 
[BlackBerry]  The difference between CA and DC is multiple eNBs are involved. So if we can reuse some of the rules from CA as priority among different channels/signals, what is new would be to introduce some new rules of priority among eNBs (e.g., if two channels with the same priority are transmitted, one for each eNB,  how do we handle this).  Such new priority rule may need to be specified.
Question 4:
What should be done in RAN1, while what should be done in RAN4?
What is the appropriate procedure (e.g., first define P_eNB in 101 and then define TPC equation in 213)? 
[ALU/ASB] Is there an absolute connection/dependency between RAN1 and RAN4 work? Our view is that they can be done independently. 
[ZTE] RAN1 does not dependent on RAN4 decision at least for prioritization. 
[Ericsson]  P_eNB, Pcmax,c, and Pcmax are specified in 36.101 (RAN4), TPC equations/procedures in 36.213 (RAN1).  First define UL power control methodology in RAN1, then parameters like P_eNB, Pcmax,c, and Pcmax are handled by RAN4.
[LG]: We believe some common understanding on PCmax and power limited case would be needed in RAN1. After that, we can coordinate with RAN4 for further guidance and confirmation if necessary. 
[Samsung] The question is whether P_eNB is defined (the rest can remain as they are with possible further discussion on Pcmax in case of asynchronous operation). We think P_eNB should be defined in either 36.101 or 36.213.     
[InterDigital] It is unclear if P_eNB needs to be specified in 36.101 or only used in 36.213 for power scaling calculations.
[NEC]: No need to define P_eNB in 101 or 213 or 331. So no work is needed in both RAN4 and RAN2 (maybe except handling of parallel PRACH in 213). As mentioned above in Question 1, in RAN1, we need to specify new power-limited handling for serving cells across eNBs/CGs. Existing UL-CA power-limited handling in Rel-11 can still be used within the same eNB/CG, when there is no UL transmission to the other eNB/CG. 
[BlackBerry] If P_eNB needs to be defined, then RAN4 may need to be involved on 36.101. Otherwise, maybe RAN1 is enough to handle the change in 36.213 (for some new priority rules)


3. List of the proposals
There are a couple of high-level proposals for transmit power control aspects of dual connectivity. In the following, some of potential proposals proposed by companies are summarized.
· Alternatives on maximum transmit power setting per CG/eNB
· Alternatives on PH calculation
Alt.1 Maximum transmit power per CG/eNB is not configurable, PMeNB = PUE and PSeNB = PUE
· Pcmax,c is the maximum transmit power per CC as in Rel.11 UL-CA, and Pcmax is the maximum transmit power per UE

· The definition of power-limited is exactly same as in Rel.11 UL-CA

· When a UE is in power-limited, the UE scales/drops some of UL transmissions according to the UL channel/signal prioritization rules, e.g.,
· First determine which CG/eNB has higher priority, allocate as much power as needed for this CG (not exceeding Pcmax) and apply scaling to the transmissions of the lower priority CG using R11 rules
· Prioritize information type as in Rel-11 (e.g. PRACH > HARQ-ACK > SR > A-CSI > P-CSI) and have tie-breakers in favor of MeNB, with or without leaving UE implementation for some of the combinations
· First apply power-scaling according to some rules, then if the scaled power is too small, then UE drops the transmission in order to avoid unnecessary transmission
· Prioritize at least PRACH, HARQ-ACK, and/or SPS PUSCH to MeNB so that MeNB coverage is ensured

· Modifications from Rel.11 rules are considered so that overall prioritization is performed taking into account cross-CG/eNB simultaneous transmissions
· The power-scaling/dropping is also done even when UL transmissions overlaps with a timing difference (e.g., unsync case), where,
· Partial power-scaling/dropping is allowed, or, 

· Transmit power is constant over a subframe 

· In case of unsync, it may require up to 1ms faster processing UL grants so that correct power-scaling/dropping is applied
Alt.2 Semi-static power-splitting between MCG and SCG is supported
· Introduce additional parameter(s) representing maximum transmit power per CG/eNB
· The parameter(s) is shared b/w MeNB and SeNB and is indicated to UE, or

· The parameter(s) is shared b/w MeNB and SeNB but is not indicated to UE

· In the above, in the proposal that the parameter(s) is not indicated to UE,

· No additional RRC signalling is necessary

· MeNB provides max transmit power information to the SeNB so that MeNB can control the UE operation, but it is up to MeNB how much power is utilized (SeNB is not allowed to allocate transmit power more than that informed by MeNB)

· Therefore, UL channel/prioritization rules are needed to be specified

· In the above, in the proposal that the parameter(s) is indicated to UE,

· UE interprets the configured value(s) is the maximum transmit power per CG/eNB even when the UE is not in power-limited, or
· UE interprets the configured value(s) is the maximum transmit power per CG/eNB only when the UE is not in power-limited

· Furthermore, following two sub-alternatives are found
· Alt.2-1 Sum of the maximum transmit power per CG/eNB is not allowed to exceed the maximum transmit power per UE, i.e., PMeNB + PSeNB <= PUE
· Alt.2-2 Sum of the maximum transmit power per CG/eNB is allowed to exceed the maximum transmit power per UE, i.e., PMeNB + PSeNB > PUE, e.g., PMeNB = PUE and PSeNB = PUE, is allowed
Alt.A When PHs are reported to an eNB, the PH(s) of CC(s) belonging to another CG/eNB is (are) calculated using actual power headroom(s)
· Benefits

· The eNB getting the actual PH of another eNB can recognize how actively UL scheduling is performed and can make statistics of the scheduling history

· It is also possible to track the minimum MPR the UE uses for another eNB

· Concerns

· The eNB getting the actual PH of another eNB cannot predict/know exact decisions in the scheduler of another eNB and therefore, the reported actual PH would not be meaningful information
Alt.B When PHs are reported to an eNB, the PH(s) of CC(s) belonging to another CG/eNB is (are) calculated using virtual power headroom(s)
· Benefits

· The eNB getting the virtual PH of another eNB can recognize the semi-static channel UL condition for another eNB
· Concerns

· This does not contain information of UL scheduling results, and hence would be considered as missing information
· It is sufficient to use RRM measurement results if eNB want to know such semi-static information. Using virtual PH may lead to over-estimation of PH, which results in more power-limited cases.
4. Alternatives on maximum transmit power per CG/eNB
Alt.1 Maximum transmit power per CG/eNB is not configurable, PMeNB = PUE and PSeNB = PUE
Q1: Is this applied both sync and unsync dual connectivity?
[InterDigital]: Both sync and unsync. The unsync case can be handled by e.g. taking into account the required power for the overlapping subframe of the other cell group that starts within 1 slot after. In either sync or unsync case the calculated power remains the same over a subframe for both cell groups.
[Samsung]: Both sync and async. Further discussion is needed how to apply for async.  

[Ericsson]: Both sync and unsync. For unsync, overlapping subframe in the other cell group is taken into account.
[DOCOMO]: We prefer not to differentiate power-control mechanisms between sync and unsync cases as much as possible. So, if the alternative 1 is supported, it should be applied to both sync and unsync cases.

[Broadcom]: Both sync and unsync. However, it’s unclear what are the benefits to study sync case when unsync case is to be supported anyway.
[LG]: Both sync and async. For synchronous case, it can be considered to follow multiple TAG principle with additional priority rule across CGs. For asynchronous case, in addition to priority rules across CGs, power limitation definition is needed. One approach we see is that the power limited case can be calculated considering both overlapping SFs of the other CG.
[NEC]: Both sync and async. It is not prefer to have different handling of maximum transmit power between sync and async cases.
[NNSN]: Could be applied in the sync case, FFS for unsync case. In the unsync case prioritization/scaling could be problematic: UE would have to process UL grants up to 1 ms faster than currently to determine power of overlapping UL transmissions in the other cell group. If it is not possible for UE to process UL grants faster, prioritization between transmission to the MeNB and to the SeNB cannot be done and the overlapping transmission could only use the power that is not used by transmission that started earlier in the other CG.
[Blackbery] We also prefer to have the same handling between sync and non-sync case. 
[Sharp] Both sync and unsync. We share the same view as Docomo’s that a unified mechanisms are preferable.

[QUALCOMM]: Yes for sync, FFS for async without eIMTA, No for async with eIMTA (i.e. eIMTA on any CCs).
[ZTE]:The calculation should be applied for both synchronized and asynchronous network.The overlapped part can be counted in number of OFDM symbols.
[ALU/ASB]: Both sync and unsync. Prefer to have an unified approach for sync and unsync cases.
[Huawei]: We believe the full UL tx power of UE can be used by each CG/eNB when the other CG/eNB happens to not schedule any UL transmission. In other words, PMeNB = PSeNB = PUE. This principle should be applied to both synch and unsynch cases to ensure UL coverage and peak throughput will not degrade.

Q2: How to define UL channel/signal prioritization rules?
[InterDigital]: In our view the best approach would be to first determine which CG/eNB has higher priority, allocate as much power as needed for this CG (not exceeding Pcmax) and apply scaling to the transmissions of the lower priority CG using R11 rules (except for possibility of dropping a HARQ-ACK transmission instead of scaling). We prefer that the priority between CG’s is indicated by the MeNB (e.g. by overloading TPC field), but implicit prioritization based on type of information (data vs UCI, or DRB vs SRB) is also acceptable.
[Samsung]: The simplest approach would be to prioritize information type as in Rel-11 (e.g. PRACH > HARQ-ACK > SR > A-CSI > P-CSI) and have tie-breakers in favor of MeNB. However, we also prefer to leave some aspects to UE implementation (e.g. a PUSCH with PHR/BSR/RSRP/… to MeNB can be prioritized over P-CSI to SeNB or even over other UCI/data to SeNB).

[Ericsson]: UL channel/signal prioritization is applied across two cell groups while reusing Rel-11 principles. 
[DOCOMO]: Basically fine to keep the Rel.10/11 UL-CA based prioritization rules as much as possible, but we have no specific solutions so far on supporting cross-CG/eNB prioritization rules. 

[Broadcom]: We also agree that priority would be useful for UE to do power control in DuCo. Additionally, when power control is applied, with or without considering priority, it should be considered that UE would drop a transmission for which power scaling results in too weak transmission that only causes interference and consumes unnecessarily UE power. Generally, when power scaling is applied, with retransmissions, the link quality might be acceptable but too aggressive power scaling results in too weak signal even from HARQ perspective and it is better to drop the transmission. It might be that network needs to determine this limit.
[LG]: When determining prioritization rules, in our view, MeNB coverage needs to be considered. Thus, at least, some important UL channel/signal associated with MeNB such as PRACH, UL channel including HARQ-ACK, SPS PUSCH could be prioritized over those of SeNB for robust RRC configuration, mobility control, and voice communication.
[NEC]: In case of UE power limited, same prioritization rule used in Rel-11 CA can be applied per eNB/CG in dual connectivity. Prioritization rule across different eNBs/CGs should be further discussed for cases such as (e.g. UE transmitting UL signals/channels that has the same prioritization level, UE has an on-going transmission of a signal/channel to one eNB/CG and starting to transmit a signal/channel with lower or higher priority to the other eNB/CG, and etc.).
[NNSN]: Modifications to Rel-11 rules are needed. Prioritization between different UCI types should be considered and in the case of same channel/signal is transmitted simultaneously to the MeNB and SeNB, transmission to MeNB should be prioritized.
[Blackberry]  Similar rules used in CA could be used if applicable. For scenarios that do not exist in CA, new rules may need to be defined such as priority breaker etc. 
[Sharp] As mentioned by InterDigital, a good approach is that power is allocated to CG having higher priority first, and then scaling/dorpping is applied to the other CG. 

[ZTE]: Reusing the Rel-11 CA rules for prioritization should be the adopted. Further enhancement should be introduced in some transmission combination to taken into account the number of HARQ bits, number of carriers and MCG/SCG.
[ALU/ASB]:The Rel-11 principles should be reused when defining UL channel/signal prioritization as much as possible. However, it is unclear how the prioritization can be applied across two cell groups for the unsync case given that the subframe boundary is not aligned.

[Huawei]: Besides the prioritization rules defined in CA, some new channel combinations across CGs should be considered, e.g., the co-existence of PUCCH to one CG and PUSCH with UCI to the other CG. UCI type, UCI size and cell group type should be considered to ensure important UCI and channel can be well protected. 
Q3: What is the exact spec impact?
[InterDigital]: Additional paragraph in section 5.1.1.1 of 36.213 describing scaling per CG and handling of unsync case as above; and specification of which CG has higher priority (likely impact only 36.213)
[Samsung]: Similar to Rel-10/11. Scaling and prioritization aspects – as mentioned above, it seems possible to re-use most/all Rel-11 ones with the MeNB winning tie breaks and some aspects left to UE implementation.

[Ericsson]: Add new text in 36.213 Section 5.1 “Uplink power control” for dual-connectivity. The new text describes prioritization among the channel/signals, and scaling across the cell groups when the maximum power is otherwise exceeded.
[DOCOMO]: Agree to all regarding RAN1 specification perspective. On the other hand, not clear what happens to RAN4 specifications.
[Broadcom]Define minimum transmit power or threshold to maximum transmit power per connection which allows UE to drop transmission if power scaling results in too weak signal. FFS other details like configuring/signaling this parameter to UE.
[LG]: It is necessary to define prioritization rules across CGs, and also for async case, clarification of power-limited case would be needed.
[NEC]: Agree with majority views from the above that some changes are needed in the UL power control section of 36.213 to define new prioritization and power scaling rules for across the eNBs/CGs in the power limited case. Not so clear that a new power limited definition other than the existing P_CMAX from Rel-11 CA is needed in 36.213. But if found new clarification is needed on the existing definition in order to be applicable for DC, it should then be updated in 36.213. One benefit of this power allocation scheme is that there is very minimal or no spec impact to the existing RAN2 P-MAX definition and RAN4 PCMAX,c and PCMAX calculations, as such that these definitions and calculations can be directly reused for DC. 
[NNSN]: New prioritization/scaling rules are specified in 36.213

[Blackberry]  New prioritization/scaling rules are specified in 36.213 if needed

[Sharp] Which CG has higher priority should be specified.
[ZTE]: New rules in UE procedure should be specified. The specification should introduce the concept CG into the specification.
[ALU/ASB]: The prioritization and scaling behavior in TS36.213 needs to be modified accordingly to reflect the prioritization/scaling rules to be adopted.
[Huawei]: Additional channel/UCI/CG priority across CG.
Q4: What is the performance benefit? In which condition?

[InterDigital]: No coverage or throughput loss due to power underutilization. In case of HARQ-ACK transmission in both CG’s, at most one transmission is scaled or dropped. Robust operation by enabling prioritization of critical transmissions such as measurement reports when the UE is moving from one macro cell to another.
[Samsung]: No coverage or throughput loss over “hard” power split. 
[Ericsson]: Alt 1 allows UE to opportunistically utilize the full power towards each eNB.
[DOCOMO]: Agree to InterDigital and Samsung, if UL transmission to MeNB/PCell is always prioritized over other UL transmissions. I consider Ericsson’s comment is equivalent to this.
[Broadcom]Coverage and achievable UL peak data rate is not reduced within each CG. Benefit of autonomous dropping is to avoid unnecessary UL interference generation and UE power consumption for redundant UL transmission attempts. 
[LG]: In signaling perspective, impact of specification could be minimized. Network can still control UE maximum transmit power by Pcmax,c. Depending on network decision, sum of powers over all CG’s could be less than the maximum transmit power per UE, but this would make UL transmission inefficient.  By introducing prioritization rule of UL channels without hard power split, UE’s UL total transmit power can be efficiently utilized as well as protecting important transmissions such as RRC signaling to MeNB. 
[NEC]: Same view that no coverage or UL peak data rate loss for each eNB/CG. It also eliminates the following two drawbacks associated with the hard power split scheme:
· Underutilisation of UE available power when there is only one UL transmission toward one eNB (this could frequently happen when different duplex modes are used in MeNB and SeNB) or when power limitation is reached in one CG but underutilisation/no use of allocated power in the other CG
· Frequent power scaling of UL channels/signals may happen within a cell group having UL heavy traffic
[NNSN]: Compared to “hard” power split, unnecessary power scaling could be avoided.
[Blackberry]  Fully use the power for each uplink link for the flexibility of each scheduler. Avoid hard power split which will reduce the coverage and throughput. 
[Sharp] Given that MCG has higher priority, no coverage or throughput loss.

[ZTE]: Dynamic Power sharing will guarantee the network coverage. This is actually inline with the prioritization rules which is try to ensure the MeNB coverage as the mechanism to kept UE connected.
[ALU/ASB]: Dynamic power sharing can avoid the potential power under-utilization towards each eNB. However, it may adversely affect the link adaptation and power control performed at each eNB because whether the UE opportunistically uses the total power is not known by the eNB and cannot be predicted by the eNB.
[Huawei]: UL coverage will not be impacted. Critical UCI for both CGs/eNBs can be well protected. In addition, in unsych scenarios, efficient UL power utilization can be achieved.
Alt.2 Semi-static power-splitting between MCG and SCG is supported
· Alt.2-1 Sum of the maximum transmit power per CG/eNB is not allowed to exceed the maximum transmit power per UE

· I.e., PMeNB + PSeNB <= PUE 
· Alt.2-2 Sum of the maximum transmit power per CG/eNB is allowed to exceed the maximum transmit power per UE

· I.e., PMeNB + PSeNB > PUE, e.g., PMeNB = PUE and PSeNB = PUE, is allowed
Q1: Is this applied both sync and unsync dual connectivity?
[InterDigital]: Both sync and unsync. The unsync case can be handled by e.g. taking into account the required power for the overlapping subframe of the other cell group that starts within 1 slot after. In either sync or unsync case the calculated power remains the same over a subframe for both cell groups.
[Samsung]: Both sync and async. 

[Ericsson] Alt 2-1 applies to both sync and unsync cases regardless of subframe overlap. 

Alt 2-2 applies to both sync and unsync cases. For unsync, overlapping subframe in the other cell group can be taken into account, similar to Alt 1.
[DOCOMO]: Both sync and unsync.
[LG]: Both sync and async. In case of Alt2-1 (with conservative resource utilization), Rel-11 rule may be reused for each CG except that PUE is replace into PMeNB or PSeNB for power scaling. For Alt2-2, UE behavior in case of UL transmit power exceeding UE maximum transmit power should be defined as in Alt1.
[NEC]: Both sync and async. 
[NNSN]: Both sync and unsync. In the unsync case we should first discuss if it is possible for the UE to take into account the overlapping subframes of the other cell group. If faster processing of UL grants is not possible, “hard” power split should be used in the unsync case. In the sync case eNB specific power limit should be applied only if UE is power limited.

[Blackberry]  Apply to both sync and non-sync scenarios. 
[Sharp] Both sync and unsync.

[ZTE]: Both sync and async.
[ALU/ASB]: Both
Q2: How to define UL channel/signal prioritization rules?
[InterDigital]: In our view, if maximum powers per CG are configured, they should only be applied in case the sum of powers over all CG’s would exceed Pcmax (power-limited case). In case of Alt. 2-1, power scaling is applied on each CG using R11 rules but replacing Pcmax with the max powers per CG. In case of Alt. 2-2, our preference is to use per-eNB prioritization approach described in our view of Alt. 1.
[Samsung]: Same as for Alt. 1 in general. But also allows for operation without encountering power limitations if a network so chooses.
[Ericsson]: Alt 2-1 allows reuse of existing UL channel/signal prioritization rules towards each eNB individually, without any change.

Alt 2-2 is the same as Alt 1. UL channel/signal prioritization is applied across two cell groups while reusing Rel-11 principles. 
[DOCOMO]: Same views as Ericsson. In Alt. 2-1, power-scaling is applied on each CG based on Rel.10/11 UL-CA, and Pcmax of each CG is replaced by Pmenb or Psenb. Then, UL channel/signal prioritization rules between CGs/eNBs are not needed. In Alt.2-2, the cross-CG/eNB UL channel/signal prioritization rules are required as in Alt.1.
[LG]: Unless Alt2-1 is adopted, power limited case needs to be handled similar to Alt1. For that case, a similar prioritization of Alt1 is used.  For Alt2-1, we prefer to apply the configured maximum power per CG/eNB only when power limited case occurs. In that case, power scaling per CG/eNB can follow R-11 CA with the maximum power per CG/eNB.
[NEC]:

For Alt 2-1, power limited can be considered only at per eNB/CG level. Therefore, existing Rel-11 CA prioritization and power scaling rule can be followed.

For Alt 2-2 (complicated case), assuming the following terms/definitions are used

PCMAX,MeNB is the configured maximum UE output power for MeNB
PCMAX,SeNB is the configured maximum UE output power for SeNB
PMeNB is the required UE Tx power for MeNB in a given subframe

PSeNB is the required UE Tx power for SeNB in the same given subframe

PCMAX is the maximum total UE output power as per existing definition in 36.101

The following power limited cases can occur

1) When PMeNB ≥ PCMAX,MeNB but PSeNB < PCMAX,SeNB (or vice-versa), and PMeNB + PSeNB < PCMAX
· Handing of power limited follows existing Rel-11 CA priority and power scaling rules for MeNB (or SeNB).
2) When PMeNB ≥ PCMAX,MeNB but PSeNB < PCMAX,SeNB (or vice-versa), and PMeNB + PSeNB ≥ PCMAX
· Handing of power limited could be similar or different to Alt 1.
3) When PMeNB ≥ PCMAX,MeNB and PSeNB ≥ PCMAX,SeNB (assumption: PCMAX,MeNB + PCMAX,SeNB > PCMAX)
· Handing of power limited is same as Alt 1.
[NNSN]:Our preference is to use Alt 2-1 and use R11 rules within CGs but replacing Pcmax with eNB specific max power. In case of Alt 2.2 enhancements (like prioritization of MeNB transmissions) to R11 rules would be needed in the case of power limitation.
[Blackberry]  For Alt 2-1, similar rules of CA could be applied within each CG.  Alt 2-2 seems the same as Alt-1, and the same set of rules for Alt-1 could be applied. 
[Sharp] For Alt2-2, the same principle as for Alt1 is used. CG having higher priority first, then CG with lower priority.

[ZTE]: It can directly apply prioritization rules into carriers for each CGs.

[ALU/ASB]: For Alt 2-1, existing rules can be directly reused within each eNB. For Alt 2-2, it is similar to Alt 1.
Q3: What is the exact spec impact?
[InterDigital]: Same as Alt. 1, plus additional parameters in RRC.
[Samsung]: Same as Alt. 1 with additional backhaul signaling only. No additional RRC signaling is needed (same RRC signaling as for Alt. 1 and as in Rel-11 when an eNB configures Pcmax,c per cell). 

[Ericsson]: Alt 2-1: add new text in 36.213 Section 5.1 “Uplink power control” for dual-connectivity. The new text describes Pcmax,MeNB and Pcmax,SeNB, together with reusing existing prioritization rule for each eNB.
Alt 2-2: Add new text in 36.213 Section 5.1 “Uplink power control” for dual-connectivity. The new text describes Pcmax,MeNB and Pcmax,SeNB, prioritization among the channel/signals, and scaling across the eNBs when the maximum power is otherwise exceeded.
[DOCOMO]: In Alt.2-1, just RRC parameters to indicate Pmenb and Psenb. In Alt.2-2, these RRC parameters and UL channel/signal prioritization rules are need to be specified.

[LG]: Due to MPR, eNB may not know exact value of PUE. Therefore, it would not be easy to distinguish between Alt2-1 and Alt2-2 unless eNB configures value of PMeNB and PSeNB conservatively considering potential MPR values, which make the power usage inefficient. In other words, even for supporting Alt2-1, it may be necessary to define UL channel/signal prioritization. Furthermore, Alt2 needs to have additional parameters in RRC. 
[NEC]: Assume the same terms/definitions are used from the last question.
In addition to introducing new RRC parameters and defining new prioritization and power scaling rules as for Alt 1, significant spec changes / standards efforts are required in RAN1, RAN2 and RAN4, as the existing RAN2 P-MAX definition and RAN4 PCMAX,c and PCMAX calculations are most likely no longer applicable or suitable for dual connectivity. New terms and calculations may be required, depending on RAN2 and RAN4 discussions. Relationships between PCMAX,MeNB and PCMAX,SeNB to RAN2 P-MAX and RAN4 PCMAX,c and PCMAX (or the new terms) need to be defined as well. Coordination (LS exchanges) between the 3 WGs may also be necessary.
Since existing RAN4 PCMAX,c calculation may no longer be applicable and that new terms or definitions may need to be introduced, PH calculations in 36.213 would be impacted as well.
[NNSN]: Additional RRC parameters for eNB specific maximum powers and in case of Alt 2.2 also enhancements to R11 power scaling/prioritization rules 
[Blackberry]  Same as Alt 1 with additional RRC signaling. 
[Sharp] For Alt2-2, which CG has higher priority should be specified as for Alt1. In addition, some RRC message for indicating the maximum power on each CG is specified.
[ZTE]: For Alt 2.2, the power scaling/prioritization should also be defined as that for Alt 1. On top of that RRC configuration should be extended.
[ALU/ASB]: For Alt2-1, the concept of CG needs to be introduced in power scaling in 36.213 while scaling rules can be reused. Alt 2-2 is similar to Alt 1.
Q4: What is the performance benefit? In which condition?

[InterDigital]: In case maximum powers per CG are applied unconditionally, there is a performance loss due to throughput loss and an increased probability of radio link failure when e.g. measurement reports to the MeNB are not timely transmitted. In case maximum powers per CG are applied only in the power-limited case, this solution has the benefit of providing some fairness between MCG and SCG transmissions. However In case of HARQ-ACK transmission in both CG’s, the likelihood of scaling or dropping both HARQ-ACK transmissions is higher. 
[Samsung]: It gives some information to the SeNB and the schedulers and can allow the MeNB to control the UE operation. It can allow a network to consider a UE’s condition in order to avoid impact on coverage while improving communication reliability (fewer power reduction occurrences or fewer suspensions of UL transmissions). For example, based on a UE’s condition, the MeNB can indicate to the SeNB to consider that the UE requires some minimum power to transmit small RRC messages or HARQ-ACK to the MeNB, which may not be power scaled, and thus avoid incurring scaling or suspension of transmissions to the SeNB.
[Ericsson]: Alt 2 allows the MeNB to adjust power allocation between the two connections according to the operating condition of the system. Factors can be taken into account such as bandwidth of the two uplinks, UL path loss, priority of traffic.

[DOCOMO]: There seems to have two benefits. One is to avoid unpredictable power-scaling due to UL transmission(s) to another eNB. Since each eNB knows the maximum power to its own, the power-scaling is always due to its own scheduling result, as it has been since Rel.10. Second is to avoid complicated power-scaling/dropping when the network is unsynchronized. 
[Broadcom] Allows using existing power control but limits coverage and results in inefficient scheduling when max transmission power is always limited per link.
[LG]: Only if network conservatively configures maximum transmit power per CG/eNB such that PMeNB + PSeNB <= PUE (Alt2-1), it might be simplified to handle asynchronous case and priority rule across CGs. However, unnecessary power scaling of Alt2-1 would degrade overall performance as well as UL performance. Either by configurability between Alt2-1 and Alt2-2 or aggressive power split, power scaling in the power limited case can be still needed.  We see the potential benefit of Alt2-1 when the configured maximum power per CG/eNB can be used only if power limited case occurs. In this way, underutilization of power can be avoided. However, from the specification work perspective, we are not so sure whether this approach is much simpler than Alt1.
[NEC]: Unclear if there is any performance benefits can be obtained when there is a coverage and UL peak data rate loss. The only benefit (non-performance related) seems to be relatively small spec changes / standards effort required in Alt 2-1 (hard power split), but for RAN1 only. Same prioritization and power scaling rules from the existing Rel-11 CA can be mostly applied.
[NNSN]: From eNB scheduling point of view there is certain amount of power resources always available for the eNB, no unexpected power scaling. 
[Blackberry] Avoid frequent power scaling and dropping of the transmission which may impact the performance.  Each eNB has some power to play with for their scheduling. 
[Sharp] Network can adjust UL power allocation based on its concern, such as pathloss and bandwidth of two ULs so as to reduce the occurrences of unpredictable power scaling/dropping.  
[ALU/ASB]: Alt 2-1 is a simple solution that can maximally reuse the existing specification and existing UE implementation. There would not be any unexpected scaling/dropping from eNB point of view. With clearly defined max power per eNB, the link adaptation and power control are not affected and behave the same as today. Alt 2-2 can be considered as a superset of Alt 1 and Alt 2-1, which gives eNB more control flexibility.
If there are proposals other than above, please feel free to add.

[ZTE]: The eNB can trade some power headroom to avoid the PMAX be exceed for any carrier without do prioritization.
[ALU/ASB]: As proposed also by other companies, the configured max power per eNB can become effective only when the UE becomes power limited.
Another enhancement is proposed in R1-141737, where 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.
5. Alternatives on PH calculation
Alt.A When PHs are reported to an eNB, the PH(s) of CC(s) belonging to another CG/eNB is (are) calculated using actual power headroom(s)
· Actual PH(s) is (are) reported 
Q1: Is this applied both sync and unsync dual connectivity?
[InterDigital] Both sync and unsync. 

[Samsung] Both sync and async.

[Ericsson] Both sync and unsync.

[DOCOMO] Both sync and unsync. In unsync case, it is better to consider how/when to calculate the PH.
[LG] Both sync and async.

[NEC] Both sync and async.
[NNSN]: Both sync and unsync. 
[Blackberry] For both sync and non-sync caese
[ZTE]: Both synch and async.
[ALU/ASB]: Both
[Huawei]: both. 

Q2: What is the exact spec impact?
[InterDigital] No change expected in 36.213. In 36.321, specification that the PHR includes the Actual PH of the cells of the other cell group. For unsync case one could consider specifying which overlapping subframe the PH is reported for.
[Samsung] No particular view as we prefer virtual PHR. 

[Ericsson] Spec change is in 36.321, which will be decided by RAN2.
[DOCOMO] No spec change is expected in 36.213.
[LG]: In terms of 36.213, we do not see major specification impact. We can reuse current PHR computation.
[NEC]: Expect no change to 36.213. In 36.321, same view as InterDigital, but this is up to RAN2 to decide.
[NNSN]: Simultaneous PUSCH and PUCCH transmissions are always possible in the dual connectivity, so type 2 PH could always be included in the PHR. In the unsync case it could be discussed which overlapping subframe in the other CG is included in the PHR.

[Blackberry] No spec change in 213, some changes may be needed in 321.
[ZTE]: No impact to the UE procedure is expected.
[ALU/ASB]: No impact on RAN1 spec
[Huawei]: Some updates in 36.321.
Q3: What is the performance benefit? In which condition?

[InterDigital] By sending the Actual PH, eNB knows the actual available power in the UE. It knows if the other eNB is actively scheduling and if the UE is overscheduled (i.e. scaling occurs) and can use more conservative scheduling if needed. It can track the minimum MPR the UE uses for the other CG (and if the UE is backing off due to P-MPR) and reclaim that available power.
[Samsung]: As scheduler decisions in one eNB cannot be predicted/known by the other eNB and as PHR reporting is not very frequent, performance benefits of actual PHR are unclear.
[Ericsson]: This allows the eNB to collect statistics of the scheduling condition of the other eNB, and adjust UL assignment accordingly in a statistical manner.

[DOCOMO]: An eNB do not identify exact UL scheduling result (PUSCH bandwidth) of another eNB. Therefore, it is not clear enough what is the benefit to know actual PH, which is determined by pathloss and PUSCH bandwidth. 
[LG] When eNB receives both actual PH and Pcmax,c, it would  be more beneficial to estimate actual power headroom for the other eNB configured carriers. This may require some knowledge about uplink scheduling history or load information which may be exchanged between two eNBs.
[NEC]: Same view as Ericsson to fully utilise the PHRs from the other eNB (RAN2 agreement) in a statistical manner.
[NNSN]: eNB knows how much resources are actually available. 
[Blackberry] Allow each eNB to know the actual available power, however, the scheduling information of another eNB may still be missing. 
[ZTE]: It make UE to get statistical PHR by receive multiple PHR, with some UL overhead.
[ALU/ASB]: It provides a rough statistical view on possible power headroom left from the transmission to the other eNB.
[Huawei]: Actual PH can provide not only the actual power usage in current instance, but also a good prediction for the future. However, to make better use of such information, some additional information should also be available, including the UL channel type (e.g., PRACH or PUSCH) which is used by PH calculation should also reported together with corresponding PHR.  

Alt.B When PHs are reported to an eNB, the PH(s) of CC(s) belonging to another CG/eNB is (are) calculated using virtual power headroom(s)
· Virtual PH(s) is (are) reported 
Q1: Is this applied both sync and unsync dual connectivity?
[InterDigital]: Both sync and unsync.
[Ericsson]: Both sync and unsync.

[DOCOMO] Both sync and unsync. In unsync case, it is better to consider how/when to calculate the PH.

[LG] Both sync and async.

[NEC] Both sync and async.
[NNSN]: Both sync and unsync

[Blackberry] Both sync and unsync
[ZTE]: Both synch and async.
[ALU/ASB]: Both
Q2: What is the exact spec impact?

[InterDigital] No change expected in 36.213. In 36.321, specification that the PHR includes the Virtual PH of the cells of the other cell group. Each eNB would need the Pemax,c of the other CG, which may have X2 impact. For unsync case one could consider specifying which overlapping subframe the PH is reported for.
[Samsung] Need to define reporting of virtual PHR for cells of the other CG. No difference between sync and async case is needed.

[Ericsson] Spec change is in 36.321, which will be decided by RAN2.

[DOCOMO] Some UE behaviors are described in 36.213.
[LG] The additional rule (PHs for carriers configured for the other eNB when PHR is targeted for an eNB should be computed based on “no PUSCH/PUCCH transmission” regardless of actual scheduling) needs to be specified.
[NEC] Some changes are expected in 36.213 and 36.321.
[NNSN]: Some changes in 36.321 and maybe also in 36.213
[Blackberry] 36.213 and 36.321
[ZTE]: The 36.213 and 36.321 should be changed for reporting/using virtual PHRs.
[ALU/ASB]: TS 36.213 needs to be changed regarding the conditions of reporting actual or virtual PHRs.
Q3: What is the performance benefit? In which condition?

[InterDigital] The eNB can track changes of power requirements in the other CG due to path loss variations. However it is missing information about power that is actually used in the other CG, thus does not know whether the UE is over- or under-scheduled.
[Samsung]: In general, performance gain from providing PHR of one CG to the other CG has not been quantitatively shown (to our knowledge). However, some gain may exist as information is provided to each scheduler about a UE’s condition in the other CG.  

[Ericsson]: This allows the eNB to collect statistics of the scheduling condition of the other eNB, and adjust UL assignment accordingly in a statistical manner.
[DOCOMO]: Same as Ericsson.
[LG] In the perspective of estimation of pathloss for other CG, RRM measurement could be used. Even through one eNB fully use its resources, virtual PH could be considerably large. Thus, it may lead more power limited cases.
[NEC]: Same view as Ericsson.
[NNSN]: The eNB has information about path loss changes in the other CG but does not know close to the maximum power limit UE is. 
[Blackberry] Similar view as NNSN
[ZTE]: Same view as Ericsson.
[ALU/ASB]: This only provides path loss related information, but it is not useful because the actual scheduling information is unknown.
If there are proposals other than above, please feel free to add.
[Samsung]: Also need to discuss UE processing capability split, if any (similar to Alt. 1 (no split, always full capability in each CG) or Alt. 2 (some split indicated by MeNB)).
[Ericsson]: We would like to keep this discussion to UL power control issue only. UL capability discussion is a separate topic and can be handled later. 
[DOCOMO]: Same view as Ericsson. We can discuss UE processing capability split later.
[Broadcom]: Current triggers do not necessarily trigger PHR at all when UE gets power limited due to scheduling by two eNBs. Thus additional trigger condition to trigger PHR in case UE is power limited should be considered. PHR could include the Virtual PHR or other DuCo power control specific information, if any, only in case PHR is triggered for the reason of UE being power limited. This would also be implicit indication to network of the UE situation. RAN1 can discuss whether this is an issue and if agreed, RAN2 could be informed.
Second thing is, as mentioned already above, that when power control is applied, with or without considering priority, it should be considered that UE would drop a transmission for which power scaling results in too weak transmission that only causes interference and consumes unnecessarily UE power. Generally, when power scaling is applied, with retransmissions, the link quality might be acceptable but too aggressive power scaling results in too weak signal even from HARQ perspective and it is better to drop the transmission. It might be that network needs to determine this limit.
[LG]: It might be good to discuss alternatives on type 2 PH for pSCell. Possible alternatives would be (1) Always presents in PHR, or (2) present only on PHR of other CG/eNB.

[Blackberry] Feel UE capability could be a separate issue and discussed later.
[ZTE]: The reporting PHR can be consider as a statistically value over previous subframes. Since the backhaul latency exist, instantaneous PHR does not help. A statistically PHR will reduced the number of reporting and keep similar effect.
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