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1. Introduction

In RAN1#76bis meeting, issues related to dual connectivity were discussed especially on UL power control. After the meeting, email discussions on UL power control for dual connectivity were held, and the results of email discussions were summarized in [1]. The main summaries are captured in below. 
Potential way forward (related to Q0)
- 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.
Potential way forward (related to Q1)
- 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.

Potential way forward (related to Q2)
- 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.

Potential way forward (related to Q3')
- Consider the above answer to the Question 3' (cited below) 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.

* 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.

Potential way forward (related to Q4)
- Continue discussion in RAN1#77 together with the exact power-control mechanisms.

Potential way forward (related to Q5)
- Revisit the Question 5 after RAN1 find high-level concepts of power-control of dual connectivity.

Potential way forward (related to Q6)
- 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.

Potential way forward (related to Q7)
- RAN1 will assume that the maximum output power for each serving cell c shall not be exceeded even for dual connectivity.

In this contribution, we continue to discuss remaining issues related to UL power control between two eNBs in dual connectivity. More specifically, consideration points and possible approaches related to UL power allocation relevant to dynamic power sharing, priority rules across eNBs/CGs, and asynchronous case handling are provided.
2. Dynamic power sharing across different eNBs/CGs
During the email discussion summarized in [1], supporting dynamic power-sharing between different eNB/CG is agreed as working assumption, and following candidate solutions for dynamic power-sharing were discussed:
· Candidate 1: Dynamic power-sharing without PMeNB and PSeNB
· Candidate 2: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG cannot exceed PMeNB or PSeNB
· FFS on PRACH

· Candidate 3: Dynamic power-sharing with PMeNB and PSeNB, where maximum transmit power per eNB/CG can exceed PMeNB or PSeNB
· FFS on PRACH

· Candidate 4: Dynamic power-sharing with PMeNB and PSeNB, where PMeNB/PSeNB are the signaling exchanged b/w eNBs (not signalled to UE)
· 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)
· 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
· FFS on PRACH
Detailed descriptions for candidate solutions present in [1]. 
The above candidate solutions except for Candidate 1 assume to introduce maximum transmit power per eNB/CG indicated by PMeNB and PSeNB to limit the total transmit power per eNB/CG for certain conditions such as power limited case or non-PRACH transmissions. Since dual connectivity basically assumes inter-site operation, limiting maximum UL power of MCG serving cells to a certain level can restrict applicable areas for dual connectivity. More specifically, if UL power for PRACH transmission on MCG serving cells is limited, small cell UEs located in edge area of macro cell would not support dual connectivity. In the perspective of UE mobility management on macro cells, it seems inefficient to restrict macro coverage for dual connectivity mode UEs. On the other hand, if dual connectivity is configured to UEs in center area of macro cell, in most cases, UEs would not experience power limited cases. Thus, power split via PMeNB and PSeNB would not be necessary. Particularly for PRACH to MCG, to handle dynamic pathloss changes of UE, the power on PRACH should be able to utilize PCMAX,c. 
Proposal 1: It is necessary to guarantee that at least PRACH transmission on PCell can use maximum configured UE transmit power for PCell. 
Even for other UL channels, it would be beneficial to allow using maximum UE transmit power as much as possible. If UL transmission only on one eNB/CG is scheduled or UL SF of one eNB/CG is associated with DL SF of the other eNB/CG in asynchronous case, it seems straightforward to fully allocate maximum UE transmit power to that eNB/CG for network efficiency. Furthermore, semi-static power split such that PMeNB + PSeNB is equal or less than UE total maximum output power PCMAX may need to consider how to allocate the power given that the network may not know exact value of PCMAX due to MPR and UE tolerance. Potentially, the network may configure value of PMeNB and PSeNB conservatively to satisfy the above condition. However, it would make the power usage at UE side inefficient. Thus, in our view, dynamic power sharing should be supported regardless of synchronous and asynchronous cases.
Proposal 2: Dynamic power-sharing should be supported in Rel-12 dual connectivity for both synchronous and asynchronous scenarios.
3. Approaches to prioritize channels on MCG serving cell
For dynamic power sharing, it is necessary to introduce new priority rules for UL channels between MCG and SCG serving cells. According to working assumption made in RAN2, it is necessary to protect MCG serving cells as follows:
· The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE. 
· The preamble transmission in the PCell is considered more important than preamble transmission in any other cell.
RRC signalling relevant to SCG serving cells would be also carried by MCG serving cells. Therefore, errors of PUSCH containing RRC messages on MCG serving cells can cause degradation on overall performance corresponding to SCG serving cells. In that point of view, it seems desirable to prioritize UL channels on MCG serving cells. In the meanwhile, prioritizing UL channels on MCG serving cells can cause frequent power scaling or dropping for UL channels on SCG serving cells. As a result, throughput performance corresponding to SCG serving cells could be degraded. Therefore, to make efficient priority rule across MCG and SCG serving cells, it is desirable to consider both situations of power scaling/dropping UL channels on MCG or SCG serving cells. Moreover, in terms of power scaling, we can apply Rel-11 principles as well. Namely,
· SRS can be dropped in a power limited case

· PRACH will not be power-scaled

· PUCCH will not be power-scaled

3.1. Principle of channel prioritization rule
Within the same eNB/CG, Rel-11 priority rule will be reused for power scaling (or dropping) of UL channels as follows: PRACH>PUCCH>PUSCH with UCI>PUSCH without UCI>SRS. Considering RAN2 working assumptions and Rel-11 priority rule, it can be considered that PRACH transmission on MCG serving cell has the highest priority. Next, to ensure RRC (re)configuration between network and dual connectivity UE reliably, PUCCH or PUSCH with UCI on MCG serving cell can have the next highest priority. Even for PRACH transmission on SCG serving cell, it would be necessary to complete RRC configuration for SCG addition, therefore, it can be considered that the priority of PRACH transmission on SCG serving cell is next to that of PUCCH or PUSCH with UCI on MCG serving cells. 
Since frequent dropping or power scaling of UCI on SCG serving cells can cause throughput performance degradation and HARQ process will be carried out for UL-SCH, the priority of PUCCH or PUSCH with UCI on SCG serving cells can be higher compared to PUSCH without UCI. In case of PUSCH without UCI, it can be considered to differentiate priority between MCG serving cells and SCG serving cells. In this case, PUSCH without UCI on MCG serving cells could have higher priority than that of PUSCH without UCI on SCG serving cells, and power scaling factor for PUSCH can be also different between MCG and SCG serving cells. At last, SRS can be considered to have lowest priority regardless of the associated serving cells. 
Proposal 3: It can be considered that priority rule to prioritize MCG serving cells as follows:

· PRACH on MCG serving cells> PUCCH or PUSCH with UCI on MCG serving cells> PRACH on SCG serving cells> PUCCH or PUSCH with UCI on SCG serving cells> PUSCH without UCI on MCG serving cells> PUSCH without UCI on SCG serving cells> SRS.
3.2. Power coordination between two eNBs
This strict priority without introducing implicit power split between two eNBs can cause (1) PUSCH (RRC message) without UCI on MCG can be power-scaled (2) PUSCH without UCI on SCG can be power-scaled frequently particularly if PUCCH/PUSCH simultaneous transmission to MCG is enabled.
To mitigate those issues, it can be considered that MeNB assigns some power allocation to SeNB via backhaul signalling/coordination, which can be used as “minimum allocated power” to SeNB. More specifically, MeNB assigns PSeNB (i.e. minimum allocated power to SeNB) to SeNB which will be used by both eNBs for TPC for PUSCH/SRS and/or PUCCH. In this case, PUSCH power on MCG serving cells can utilize up to PCMAXPSeNB. Based on the power allocation information, each eNB/CG would control UL transmit power for itself by using TPC. In this approach, since UE does not know the exact power allocation information, the UE may have accumulated more power than PCMAXPSeNB for PUSCH to MCG via TPC commands as well as PSeNB for PUSCH/PUCCH to SCG via TPC commands. Based on power headroom report, each eNB will perform appropriate power control so that the allocated power would not exceed the allocated power per eNB. Without explicit indication to UE, this will not strictly limit the maximum power per each eNB. Thus, as shown in Figure 1, this will allow that each transmission to a CG can exceed the allocated power. Yet, this will address to certain extent the issue of balanced power allocation between two eNBs without introducing significant specification impact. As PUCCH to MCG may be important to receive HARQ-ACK feedback on RRC messages, whether this should be applied to PUCCH to MCG power control would be FFS. Also, depending on pathloss change and other condition changes, MeNB can change PSeNB which would be transparent to UEs.
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Figure 1: Example of Power Usage with MeNB/SeNB power coordination
4. Asynchronous case handling
For dynamic power-sharing, some clarification of PCMAX, power limited case, and unused power are needed. For example, eNB0 (MeNB) and eNB1 (SeNB) are not frame-boundary aligned as shown in Figure 2, how to determine PCMAX, how to determine power limited case, and how to determine unused power could have the following options.
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Figure 2: Example of asynchronous case (unused power illustration).
4.1. Definition of PCMAX
As shown in Figure 2, in asynchronous case, total MPR value could be varying in a subframe since the scheduling information for other eNB could be different in each overlapped part. As a result, maximum UE transmit power would have different value between overlapped parts. Furthermore, according to section 6.2.3 in TS36.101 [2], “For each subframe, the MPR is evaluated per slot and given by the maximum value taken over the transmission(s) within the slot; the maximum MPR over the two slots is then applied for the entire subframe.” In that point of view, it seems natural to reuse this principle for dual connectivity. Therefore, in terms of computing PCMAX, we think that overlapped parts should be considered. More specifically, it can be considered to take minimum value between maximum UE transmit power for overlapped parts for computing PCMAX. 
Observation 1: In terms of computing PCMAX, it can be considered to take minimum value between maximum UE transmit power for overlapped parts.
Though the details of PCMAX will be handled by RAN4, in the perspective of RAN1 progress, it would be good to have common understanding that PCMAX will be computed by considering all the overlapped parts. 
4.2. Definition of power limited case
If dynamic power-sharing is employed, the definition of power limited case in asynchronous case can be considered as follows:
(1) Power limited case is determined at any moment (i.e., by instantaneous power). When one subframe overlaps with two subframes of uplink transmission to another eNB, if the power in either one exceeds UE maxiumum power, it is considered as power limited case. 

(2) Power limited case is determined if the total power over 1msec interval exceeds the total UE power. This may result less power limited case, yet, requires more specification work.
In the perspective of alignment with power limitation definition in Rel-11 multiple TA, it can be considered to adopt the first approach for the definition of power limited case in dual connectivity.

4.3. Power control mechanism
To protect higher priority uplink transmissions such as PRACH and PUCCH, when power is allocated, the power to the other eNB in the overlapped parts can be taken into account. More specifically, PRACH transmitted later on MCG serving cell should be prioritized compared to SRS transmitted earlier on SCG serving cell. One example of power scaling is shown in Figure 3 where PUSCH power for both MCG and SCG will be reduced according to priority rule mentioned in Section 3.1.
As mentioned before, PCMAX may be computed at each overlap portion (e.g., (n, k) and (n, k+1) where n indicates SF index of eNB0, and k and k+1 indicate SF index of eNB1), then power scaling can be applied considering section 3.1 and 3.2 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 value from both cases can be considered as the final power allocation to an UL transmission. To perform this mechanism, UE may need to get DCI of other eNB in the later overlapped parts before power setting for UL transmission of one eNB. Depending on the amount of TA and physical channel type of DCI, it could be necessary to reduce processing time. In our view, processing time reduction is desirable to consider both overlapped parts only for power setting and control, but processing time reduction for data encoding as in PHR is not desirable. 
Proposal 4: Processing time reduction can be acceptable to consider both overlapped parts only for power setting and control.
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Figure 3: Illustration of power control mechanism.
5. Conclusion
This contribution discussed the issues related to power control for dual connectivity. Our proposals/observations are as follows:

Observation 1: In terms of computing PCMAX, it can be considered to take minimum value between maximum UE transmit power for overlapped parts.
Proposal 1: It is necessary to guarantee that at least PRACH transmission on PCell can use maximum configured UE transmit power for PCell. 
Proposal 2: Dynamic power-sharing should be supported in Rel-12 dual connectivity for both synchronous and asynchronous scenarios.
Proposal 3: It can be considered that priority rule to prioritize MCG serving cells as follows:

· PRACH on MCG serving cells> PUCCH or PUSCH with UCI on MCG serving cells> PRACH on SCG serving cells> PUCCH or PUSCH with UCI on SCG serving cells> PUSCH without UCI on MCG serving cells> PUSCH without UCI on SCG serving cells> SRS.
Proposal 4: Processing time reduction can be acceptable to consider both overlapped parts only for power setting and control.
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