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1 Introduction

Following the agreements in RAN1#77, remaining aspects for UL power control in dual connectivity (DC) include:

a) Whether PMeNB and PSeNB should be absolute values (e.g., in dBm) or be ratios of PCMAX (e.g., in %) [1]
b) Whether or not ‘look-ahead’ is supported for asynchronous DC operation [2]
c) Whether MeNB and SeNB should exchange the maximum UE transmit power assumed for each eNB [3]
This contribution considers the above remaining aspects for UL power control operation in DC.

2 UL Power Control for Dual Connectivity
2.1 Allocation of PMeNB and PSeNB to a UE
The following were agreed as part of the email discussions [1].
Agreement 1

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

· PMeNB+PSeNB>Ppowerclass is not allowed.

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

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

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

· Working assumption: PMeNB and PSeNB are defined as ratios of PCMAX.
· Note: PCMAX above is linear domain value.

· Following is FFS in RAN1#78:

· Range and resolution of PMeNB and PSeNB.

The first agreement does not have any open issues. The second agreement requires confirmation of the working assumption and subsequent determination for the range and resolution of PMeNB and PSeNB. 

Using ratios, instead of absolute values, of 
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 is advantageous due to simpler specification and UE implementation. As 
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 varies across subframes, it is generally possible that 
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 (e.g. in cases ‘look-ahead’ is not supported for asynchronous operation). Then, it needs to be specified how to reduce the excess power. For example, a proportional reduction based on the relative values of 
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 can apply, or the adjustment can be only for one eNB, or additional power allocation can be only to the MeNB and power reduction can be only to the SeNB, etc., so that the new values are such that 
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. Regardless of the specific rule, additional specifications are needed and guaranteed minimum power per CG may not be in fact guaranteed (e.g. if power needs to be reduced below 
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). Another disadvantage of using absolute values is that as 
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 varies across subframes, the residual power left for dynamic power sharing can fluctuate and become 0 when 
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. This complicates scheduler decisions and impacts UCI prioritization. When 
[image: image12.wmf]MeNB

ˆ

P

 and 
[image: image13.wmf]MeNB

ˆ

P

 are defined as ratios of 
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, the previous disadvantages are avoided and although variations of 
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 across subframes result to variations of 
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, the UE behavior is similar to the existing one accounting for variations of 
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 across subframes (in case of power limited operation in both CGs, the effect is that the maximum available power per CG varies per subframe as for CA operation) and no additional specifications are needed for the UE behavior. 
Regarding the range of 
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, both can range from 0 to 
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 (although it can be questionable whether 
[image: image22.wmf]CMAX

SeNB

ˆ

ˆ

P

P

=

 (
[image: image23.wmf]MeNB

ˆ

P

=0) will apply in practice, it is simpler and safer to support it). Regarding the resolution, 4 bits (~6.67% increments) or 5 bits (~3.23% increments) is sufficient.
Proposal 1: Confirm the working assumption: 
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. Range for both 
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 are represented by 4 bits in 6.67% increments.
2.2 Asynchronous Operation
For asynchronous operation, transmissions in one subframe from a UE to a first CG can overlap with transmissions in two subframes from the UE to a second CG. The UE can know the required transmission power for each transmission once it receives a parsed DCI from the MAC (even for P-SRS or non-DCI associated SPS transmissions as there can be an associated DCI format 3). The issue then is whether a UE has enough time to know the required UL transmission power for the transmissions in the second of the two subframes to the second CG. There has been extensive discussion on this issue, both in RAN1#77 and in subsequent email discussions. 
The worst case scenario (minimum available time at a UE to determine transmission power in later overlapping subframe) occurs for maximum TA values and maximum misalignment between CGs and it is 1.33 msec. This is easily sufficient time for a UE to determine the above transmission power and current implementation support substantially shorter DCI parsing. From another perspective, if the time to process a DCI format is larger than 1.33 msec, the available time for a UE to obtain a channel estimate, perform PDSCH demodulation, decode the respective data TBs, and generate and encode/modulate respective HARQ-ACK under maximum TA conditions would be less than 1 msec. It should be clear that this is not a realistic UE implementation. Additionally, the LS from RAN4 in [4] states that the maximum propagation time difference between the PCell and the pSCell is 30 sec. This implies that the UE needs to determine the UL transmission power in 1.94 msec (an even larger time than the theoretically minimum of 1.33 msec corresponding to a cell size of 100 Km). Moreover, for PDCCH-based scheduling, the available UE processing time further increases by at least 0.71 msec (PDCCH spans 4 OFDM symbols). 

Observation: For asynchronous DC operation and for a UE transmitting to a first CG in a subframe, a UE can always determine its required transmission power to a second CG in a later of two subframes that overlap with the subframe prior to the beginning of transmissions to the first CG in the first subframe.
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Figure 1: Asynchronous DC operation.

Even though a UE can determine a power in a subframe for a transmission to a first CG while considering the required power in two overlapping subframes for transmission to a second CG, this can lead to problematic operation. Consider that a UE determines that transmissions to CG2 cell in subframe j have precedence over transmissions to CG1 cell in subframe i and the UE is power limited for both transmissions (see Figure 1). For example, the transmission to CG1 cell in subframe i can be a data-only PUSCH and the transmission to CG2 in subframe j can be a data+CSI PUSCH. The UE will then transmit PUSCH to CG1 cell in subframe i using the respective minimum guaranteed fraction of its available power (which is less than its required power). Further consider that a UE determines that transmissions to CG1 cell in subframe i+1 have precedence over transmissions to CG2 cell in subframe j and the UE is also power limited for the transmissions to CG1 cell in subframe i+1. For example, the transmissions to CG1 in subframe i+1 can be a data+HARQ-ACK PUSCH. Then, even though the UE transmitted the PUSCH to CG1 in subframe i with reduced power in order to prioritize power allocation for the transmission of PUSCH with A-CSI in subframe j to CG2 with increased power, this is actually detrimental as that increased power cannot be realized. Many other cases exist for similar events to occur and such cascading events can propagate in time and can be unpredictable as many combinations exist (e.g. PRACHs and/or PUCCHs may also be considered). 
Moreover, due to the requirement to maintain constant transmission power in a subframe, allowing for dynamic power sharing (with ‘look-ahead’) will typically result in underutilization of UE available power. This is also detrimental. 
Observation: Dynamic power sharing with ‘look-ahead’ can result to suboptimal use of transmission power and to underutilization of UE available power.

Although UE available processing time is not an issue, to avoid an unnecessarily complex UE operation due to the need to consider prioritization of transmissions across multiple subframes, suboptimal allocations of transmission power, and under-utilization of available transmission power, it is preferable that semi-static power allocation is used for asynchronous operation (‘look-ahead’ is not supported).

Proposal 2: For asynchronous dual connectivity operation, UE power sharing between CGs is semi-static. 

2.3 Exchanging maximum UE transmit power for each eNB
A maximum UE transmit power that may be exchanged for each eNB (basically, a maximum UE transmit power informed to the SeNB, 
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) is considered to be the one resulting in case the UE is power limited (otherwise, the maximum UE transmit power is up to 
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). However, this information can be directly obtained by 
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The SeNB scheduler can consider that the maximum UE transmit power (in case the UE is power limited) will be as low as 
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 if transmissions to the MeNB are prioritized and the UE does not reallocate residual power, if any, to the SeNB and will be as high as 
[image: image38.wmf]MeNB

CMAX

ˆ

ˆ

P

P

-

 if transmissions to the SeNB are prioritized. Analogous operation applies for the MeNB scheduler. For example, the SeNB scheduler can assume that a UE has at least an available power of 
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 for a PUSCH transmission that includes HARQ-ACK (that assumption would be invalidated only if the UE also transmits PRACH or possibly HARQ-ACK to the MeNB and is power limited but proper design can make this highly unlikely). Also, if an eNB scheduler knows that the UE will not be transmitting to the other eNB in a given subframe, scheduling can be assuming that the UE available power is 
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For semi-static power allocation (e.g. when ‘look-ahead’ is not supported), 
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 although it may be simpler for the specifications in that case to use 
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. For this reason, it may be more appropriate for the MeNB to signal 
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 to the SeNB instead of 
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. The same applies for the UE operation where for semi-static power allocation it may be preferable in terms of specification to indicate 
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 and it can be further considered whether an indication to the UE for operation with dynamic power sharing or with semi-static power allocation between MeNB and SeNB is needed.
Proposal 3: MeNB informs either 
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 to SeNB. Consider informing 
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 to UE in case of semi-static power allocation between MeNB and SeNB.

One additional aspect regarding the configuration of 
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 is for the case that the SeNB uses eIMTA. For eIMTA operation, or in general when UL transmissions can experience either DL interference or UL interference due to a different UL/DL configuration in an interfering cell, two UL power control processes are defined. As determined during the eIMTA evaluations, the two UL power control processes may be associated with significantly different transmission powers due to large differences in UL and DL interference. Then, a single partitioning of 
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 that does not consider the different transmission power requirements for a UE in different subframes is clearly suboptimal. For example, for a semi-static power split, having the same value of 
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 assigned for all UL subframes on the SeNB is clearly suboptimal either for the MeNB operation (in case of a large 
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 value) or for the SeNB operation (in case of a small 
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Proposal 4: In case a UE is configured with two subframe sets for UL power control on the MeNB or on the SeNB, the UE is also configured with a first set of {
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} and with a second set of {
[image: image66.wmf]MeNB,2

ˆ

P

, 
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} that are respectively applicable for the first set of subframes and for the second set of subframes.
3 Conclusions

This contribution considered remaining aspects for informing UE transmission power parameters to a SeNB and to the UE and for the feasibility of dynamic power sharing in asynchronous DC operation. The following are proposed.
Proposal 1: Confirm the working assumption: 
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. Range for both 
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 are represented by 4 bits in 6.67% increments.
Proposal 2: For asynchronous dual connectivity operation, UE power sharing between CGs is semi-static. 

Proposal 3: MeNB informs either 
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 to SeNB. Consider informing 
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 to UE in case of semi-static power allocation between MeNB and SeNB.

Proposal 4: In case a UE is configured with two subframe sets for UL power control on the MeNB or on the SeNB, the UE is also configured with a first set of {
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} and with a second set of {
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[image: image83.wmf]SeNB,2

ˆ

P

} that are respectively applicable for the first set of subframes and for the second set of subframes.
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