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1. Introduction

Various views on UL power control in dual connectivity from different companies are captured based on discussions in RAN1 e-mail reflector [1]. A working assumption is made as follows.

· 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.
On how to apply dynamic power-sharing, 5 candidate solutions are listed as follows.

· 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
Based on the working assumption, we express our opinions on UL dynamic power-sharing in dual connectivity in this contribution. Specifically, the following issues are discussed, including the discussion on candidate solutions of dynamic power-sharing and prioritization rules in dual connectivity. Considering the uplink power control in unsynchronized dual connectivity, since it is a more complicated case, we discuss it separately in another contribution [2].
2. Discussion
2.1 Discussion on Candidate Solutions of Dynamic Power-Sharing

Candidate 1

In [1], most companies show their preference to dynamic power-sharing due to its efficient power usage. However, there is no consensus on what it is and how it works. As mentioned above, there are 5 candidate solutions summarized in [1]. Among these 5 candidates, the basic difference is whether to specify PMeNB and PSeNB and how they are used in UL power control. To select an appropriate solution which can strike balance between efficient power usage and spec effort, every newly introduced parameter should be justified by convincing benefits. For candidate 1, there are no newly introduced parameter but with some additional prioritization rules. It can be noted that for the first 4 candidate solutions, new prioritization rules are inevitable. Therefore, candidate 1 can be regarded as the simplest solution among them.
Observation 1: The first 4 candidate solutions of dynamic power-sharing require new prioritization rules. Among the first 4 candidates, candidate 1 is the simplest solution without new parameters to be defined.

Candidate 2
For candidate 2, our understanding is that PMeNB and PSeNB are introduced as the maximum transmit power per eNB/CG. These two parameters are at least available at UE side which may be configured by RRC signalling or specified in RAN4 in the similar way as PCMAX. PMeNB+PSeNB can exceed PCMAX. Semi-static RRC signalling of PMeNB and PSeNB may fail to trace the path loss variation. It is also noticed that PCMAX may vary subframe by subframe and semi-statically assigned PMeNB and PSeNB may fail to match the instantaneous situation. As a result, we think PMeNB and PSeNB are better to be specified in RAN4 in the similar way as PCMAX.

Some potential benefits from introducing PMeNB and PSeNB can be observed in [1]. One argument for the advantage of candidate 2 is that UL scheduling will become easier since the amount of power is guaranteed. It only works when PMeNB and PSeNB are configured by RRC signalling. If PMeNB and PSeNB are decided by UE in the similar way like PCMAX as we mentioned above, since it may vary subframe by subframe, this advantage may no longer valid. Another merit of introducing PMeNB and PSeNB is the coverage of MeNB can be ensured by limiting the maximum power of SeNB in the power-limited case. In this way, PMeNB and PSeNB perform like weighting factors for power scaling thus it may have no difference from candidate 1 in power-limited case.
On the other hand, some drawbacks can be observed from candidate 2. In non-power limited case, especially when there is only one eNB/CG has scheduled UL transmission, transmit power is underutilized. Additional rules should be specified which increases spec effort. On the other hand, since PMeNB+PSeNB can exceed PCMAX, in the worst case UE needs to do triple power scaling (2 times in each eNB/CG and an additional power scaling by PCMAX) which is obvious redundant. One more drawback is, although more minor, such power restriction should not be applied to PRACH transmission which means we still need different mechanism for PRACH.
Observation 2: For candidate 2, PMeNB and PSeNB are better to be specified in RAN4 in the similar way as PCMAX. PMeNB and PSeNB perform like weighting factors in power-limited case. Some additional spec effort and redundant power scaling are required for candidate 2.
Candidate 3
Candidate 3 is similar to candidate 2 while it can match the variation of PCMAX even when PMeNB and PSeNB are indicated by RRC signalling. We think candidate 3 cam be regarded as a modified version of candidate 2. The advantages and drawbacks are also similar. As mentioned above, candidate 3 can match the variation of PCMAX. Therefore, we slightly prefer candidate 3 to candidate 2 if PMeNB and PSeNB are to be defined by all means.
Observation 3: Candidate 3 can be regarded as a modified version of candidate 2 and share the similar advantages and drawbacks of candidate 2.
Candidate 4
Candidate 4 specifies PMeNB and PSeNB only at eNB side while these parameters can be exchanged between eNBs/CGs. If the power restriction is applied on eNB, the problem of underutilized transmit power cannot even be avoided by additional rules since each eNB/CG does not have the knowledge of the other eNB/CG’s information (e.g. eIMTA status). As a result, this candidate is not preferred. Of course PMeNB and PSeNB can be seen as just reference by eNB rather than strict restriction. If it is the case, we do not see strong need.
Observation 4: The problem of underutilized transmit power cannot be avoided by additional rules in candidate 4 if the power restriction is applied on eNB/CG.
Candidate 5
Candidate 5 proposes to have PMeNB and PSeNB when power-limited case happens, where PMeNB+PSeNB<=PCMAX. Candidate 5 can avoid some drawbacks of candidate 2. There is no redundant power scaling process since PMeNB+PSeNB<=PCMAX. Another advantage is that no new prioritization rule is specified since the legacy power scaling process can be reused directly in each eNB/CG which reduces the spec effort. It is noted that PMeNB and PSeNB can either be configured by RRC signalling or be specified in RAN4 in the similar way as PCMAX. It is unclear how RRC signalling can achieve PMeNB+PSeNB<=PCMAX since PCMAX varies subframe by subframe. A better way is to let PMeNB and PSeNB be specified in RAN4 in the similar way as PCMAX. However, it is noticed that in this way PMeNB and PSeNB perform like weighting factors for power scaling. As a result, we may regard candidate 5 as a special case of candidate 1.
Considering some companies propose to always have PMeNB and PSeNB in unsynchronized dual connectivity, where PMeNB+PSeNB<=PCMAX, we discuss it in another contribution [2].
Observation 5: Some drawbacks of candidate 2 (e.g. additional spec effort and redundant power scaling) can be avoided by candidate 5. PMeNB and PSeNB are better to be specified in RAN4 in the similar way as PCMAX. Therefore, candidate 5 can be regarded as a special case of candidate 1.
Based on the above observations, candidate 1 is preferred from our perspective. Candidate 5 may in fact perform like candidate 1 which implies that agreeing candidate 1 does not preclude candidate 5. Therefore, we would like to propose the following proposal for RAN1 progress.
Proposal 1: At least in non-power limited case, PMeNB and PSeNB are not applied. It is FFS whether PMeNB and PSeNB are specified and applied or not in power-limited case, where PMeNB+PSeNB<=PCMAX.
2.2 Prioritization Rules in Dual Connectivity
Whether to define new prioritization rule is based on how dynamic power-sharing is applied. Therefore, it is premature to discuss the detailed new prioritization rule for dual connectivity. Nevertheless, some directions can be discussed first. RAN2 has the following working assumption: “the MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE.” and “The preamble transmission in the PCell is considered more important than preamble transmission in any other cell.”  Based on the working assumption, there are some discussions on whether to have higher priority for the PUSCH transmission containing RRC messages and preamble in the PCell of MeNB. Our preference is not to set higher priority for PUSCH transmission containing RRC messages than other PUSCH transmission of MeNB since it violates the layer separation. On the other hand, since preamble transmission happens less often than other transmissions, we prefer to treat preamble transmission as a special case and does not include it in regular prioritization rule of dual connectivity.
Proposal 2: PUSCH transmissions containing RRC messages do not have higher priority than other PUSCH transmissions of MeNB.
Proposal 3: Preamble transmission is regarded as a special case and is not included in regular prioritization rule of dual connectivity.
3. Conclusion

In this contribution, we analyze the candidate solutions for UL dynamic power-sharing in dual connectivity and have the following observations:
Observation 1: The first 4 candidate solutions of dynamic power-sharing require new prioritization rules. Among the first 4 candidates, candidate 1 is the simplest solution without new parameters to be defined.

Observation 2: For candidate 2, PMeNB and PSeNB are better to be specified in RAN4 in the similar way as PCMAX. PMeNB and PSeNB perform like weighting factors in power-limited case. Some additional spec effort and redundant power scaling are required for candidate 2.
Observation 3: Candidate 3 can be regarded as a modified version of candidate 2 and share the similar advantages and drawbacks of candidate 2.
Observation 4: The problem of underutilized transmit power cannot be avoided by additional rules in candidate 4 if the power restriction is applied on eNB/CG.
Observation 5: Some drawbacks of candidate 2 (e.g. additional spec effort and redundant power scaling) can be avoided by candidate 5. PMeNB and PSeNB are better to be specified in RAN4 in the similar way as PCMAX. Therefore, candidate 5 can be regarded as a special case of candidate 1.

Based on the abovementioned observations, we would like to propose the following proposal for RAN1 progress:

Proposal 1: At least in non-power limited case, PMeNB and PSeNB are not applied. It is FFS whether PMeNB and PSeNB are specified and applied or not in power-limited case, where PMeNB+PSeNB<=PCMAX.

We further discuss prioritization rules of dual connectivity and propose to
Proposal 2: PUSCH transmissions containing RRC messages do not have higher priority than other PUSCH transmissions of MeNB.

Proposal 3: Preamble transmission is regarded as a special case and is not included in regular prioritization rule of dual connectivity.
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