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1 Introduction

Prioritization of UL transmissions in case of UE power limitation per eNB in dual connectivity (DC) was discussed in RAN1#77 and the following agreements were made (only the most relevant parts for this contribution are kept below for brevity).
Agreements:
· In both synchronous and asynchronous cases:

· If look-ahead is supported or in synchronous case

· All the remaining power can be used
· For the remaining power, priority is determined based on UCI type across CG for channels not satisfied by P_SeNB or P_MeNB

· FFS on details

· Giving all the remaining power to a CG is not precluded

· If look-ahead is not assumed: 

· Reserve P_SeNB and/or P_MeNB towards each eNB if there is potential uplink transmission

· If the UE knows it does not have transmission in the other CG in overlapped subframes based on at least semi-static information (e.g., TDD UL/DL config.), UE does not reserve the power for that CG

· For the remaining power, earlier transmission is higher priority

· Within a CG, for the total power allocation, reuse Rel-11 relative priority and power scaling of different channel types
· PRACH to PCell has the highest priority
· RAN1 perspective, differentiation between PUSCH with SRB and PUSCH without SRB is not assumed
During subsequent email discussions ([77-11] Details on priority rule based on UCI type across CGs for dual connectivity power control), the following were concluded [1]:

Working assumption:
· The remaining power can be allocated to both eNBs according to priority rule.
Agreements:
· A unified design/common framework for both synchronous case and asynchronous case if look-ahead is supported.
· Simultaneous PUSCH/PUCCH transmission can be independently configured per CG. 
· RAN4 should confirm whether independent PUSCH/PUCCH simultaneous transmission per CG can be supported.
Given the above agreements, the remaining issues are:

a) Specifics of prioritization according to UL information type

b) Whether or not the above working assumption can be confirmed

This contribution considers the above remaining issues. Discussion for other aspects related to prioritization of UL transmissions is also included.

2 Remaining Issues for UL Information Prioritization
Prioritization according to UL information type 

The following discussion assumes that 
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 (i.e. there is UE transmission power to be dynamically shared between the MeNB and the SeNB), that transmissions to the MeNB or SeNB always have an available power of at least 
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, respectively, and that transmission power requirements to MeNB or SeNB exceed 
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, respectively. Otherwise, if 
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 or if transmission power requirements to MeNB or SeNB do not exceed 
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, respectively, Rel-11 rules apply per eNB.  The UE allocates power to transmissions to the MeNB and SeNB according to Rel-11 prioritization rules until a total respective power is 
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, respectively, or until all transmissions have been allocated their nominal power as determined in [2], whichever happens first. Subsequently, the UE allocates remaining 
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 power according to prioritization rules that are next discussed. Moreover, synchronous operation is assumed.
The Rel-11 prioritization of UL information is: PRACH>HARQ-ACK/SR>A-CSI>P-CSI>data>A-SRS>P-SRS. HARQ-ACK and SR, whenever simultaneously transmitted, occur in a same PUCCH (hence the notation HARQ-ACK/SR). As a consequence of the above prioritization and the multiplexing rules described in section 10.1 of [2], power was first allocated to PUCCH, then to PUSCH with UCI, and finally to PUSCH with only data. During the email discussion it was suggested to also consider for prioritization of UL information the respective transmission channel. However, it should be obvious that the name of the physical channel is immaterial to the relative importance of the UL information to be provided to higher layers and there is no reason for this relative importance to change depending on the transmission channel (this is also against the agreement to prioritize power allocation according to UCI type). 
The relative importance of UL information of course remains the same for DC with the only additional component being the relative importance of communication to the MeNB vs. to the SeNB, especially for signaling related to maintaining the RRC connection and for delay sensitive traffic. For best effort traffic, there should be no differentiation between MeNB and SeNB. Therefore, the Rel-11 prioritization for UL information can apply for DC. The only additional consideration needed is whether HARQ-ACK is prioritized over SR (or the reverse) as, unlike CA operation, simultaneous HARQ-ACK and SR in different channels is possible in DC. If SR is viewed similar to PRACH, then SR is prioritized over HARQ-ACK as PRACH has the highest priority. However, the main reason for assigning PRACH the highest priority was to maintain/establish the RRC connection rather than use a PRACH for a scheduling request. With this consideration, HARQ-ACK can be prioritized over SR, especially considering SR transmissions to the SeNB (used for delay-tolerant best effort traffic) over HARQ-ACK to the MeNB (used to maintain the RRC connection and serve delay sensitive traffic).

The above completes the prioritization of UL information for DC with the only remaining aspect being the resolution of tie-breaks (same highest priority of UL information is transmitted to both MeNB and SeNB). The simplest approach is to always prioritize the MeNB. This can be sufficient if power limited operation is infrequent enough to not reduce DL/UL throughput. However, this requires conservative operation of MeNB and SeNB schedulers which by itself can reduce throughput. If a broadly robust operation is the target, additional criteria can be considered (other than default prioritization of the MeNB). HARQ-ACK prioritization can consider the HARQ-ACK payload and presence of other UL information types transmitted in the same channel. Prioritization of HARQ-ACK transmissions can be according to larger HARQ-ACK payload or, in case of same payload, also consider existence of SR and/or CSI in the same channel. Therefore, for tie-breaks, the following alternatives can be considered:
a) Always prioritize MeNB.
b) Prioritize channel with larger HARQ-ACK payload. If HARQ-ACK payload is same, prioritize transmission that also includes other information according to Rel-11 priority. If HARQ-ACK payload and other information types are same, prioritize MeNB. 
Finally, similar to Rel-11, a power limited UE should be able to set a PUSCH transmission power to zero.

Proposal 1: Prioritization of power allocation for transmission of UL information in dual connectivity remains as in Rel-11 (PRACH>HARQ-ACK>SR>A-CSI>P-CSI>data>A-SRS>P-SRS) with the additional condition that HARQ-ACK is prioritized over SR. If the UL information type with highest priority is same for the MeNB and the SeNB, transmission to the MeNB is prioritized.
Proposal 2: When a power limited UE transmits HARQ-ACK to both MeNB and SeNB and does not transmit PRACH, power prioritization is first according to HARQ-ACK payload, then according to the priority of other information in the same transmission, and finally by prioritizing the MeNB. 
Proposal 3: A power limited UE operating with dual connectivity can autonomously set the transmission power of a PUSCH to zero.
One additional aspect of power prioritization is whether a UE can suspend a PUCCH transmission (set respective transmission power to zero) similar to suspending a PUSCH transmission. This was not needed in Rel-11 since PUCCH always carries UL information with higher priority than PUSCH and was not power scaled (only exception was the relatively rare case of multiple TA and simultaneous PRACH and HARQ-ACK transmission in PUCCH from a power limited UE). The problem with power scaling a PUCCH is that the information is not protected by CRC and therefore a large decrease in reception reliability can have significant consequences that include HARQ buffer corruption (for HARQ-ACK) or incorrect P-CSI detection that can lead to improper subsequent scheduling. A similar problem exists for HARQ-ACK transmission in the PUSCH (no CRC protection to guard against reduced transmission power) but the UE can choose to suspend such PUSCH transmission. Support of PUCCH DTX detection already exists (although optional for PUCCH Format 2) and it should be either specified that a UE suspends transmission of a power scaled PUCCH or this can be configured or left to the UE implementation. For example, it should be possible for a UE to suspend a PUCCH transmission to the SeNB in order to prioritize a PUCCH transmission (conveying UCI with higher priority) to the MeNB. To avoid unnecessary configurations, it is preferable to specify that a UE suspends a PUCCH transmission if it needs to be power scaled (at least for HARQ-ACK transmission). Otherwise, it is preferable to leave this to UE implementation.

Proposal 4: A power limited UE operating with dual connectivity and required to reduce a transmission power of a PUCCH, sets the transmission power of the PUCCH to zero.
Allocating Remaining Power to both eNBs according to Priority Rules 

For synchronous DC operation, the remaining power, 
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, can be allocated to both eNBs according to the UL information priority. This can ensure that the more important information for network operation is delivered. 
For asynchronous operation, if a UE can determine the power in the later overlapping subframe for a transmission to a first eNB prior to beginning transmission to a second eNB in a subframe, the same approach as for synchronous DC operation can apply. 
For asynchronous operation, if a UE cannot determine the power in the later overlapping subframe for a transmission to a first eNB prior to beginning transmission to a second eNB in a subframe, power allocation rules according to UL information type cannot apply (e.g. a UE may not be able to reduce transmission power of data to a first eNB in order to prioritize transmission of HARQ-ACK to the other eNB) and dynamic power sharing may not be possible. Then, it is practically sufficient and preferable to only support 
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, maintain operation per eNB exactly as in Rel-11 (by replacing 
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), avoid unnecessary specifications and additional UE behaviors, and fulfill the agreement for having a unified design with synchronous operation.

Proposal 5: For synchronous DC operation or for asynchronous DC operation and a UE able to determine the power in the later overlapping subframe for transmissions to a first eNB prior to beginning transmissions to a second eNB in a subframe, remaining power 
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 can be allocated to both eNBs. For asynchronous DC operation and a UE unable to determine the power in the later overlapping subframe for transmissions to a first eNB prior to beginning transmissions to a second eNB, dynamic power sharing among eNBs is not supported (
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). 
3 Conclusions

This contribution considered remaining aspects for prioritization of UL transmissions from a UE having transmission power requirements to MeNB or SeNB that exceed 
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, respectively, and proposes the following. 
Proposal 1: Prioritization of power allocation for transmission of UL information in dual connectivity remains as in Rel-11 (PRACH>HARQ-ACK>SR>A-CSI>P-CSI>data>A-SRS>P-SRS) with the additional condition that HARQ-ACK is prioritized over SR. If the UL information type with highest priority is same for the MeNB and the SeNB, transmission to the MeNB is prioritized.

Proposal 2: When a power limited UE transmits HARQ-ACK to both MeNB and SeNB and does not transmit PRACH, power prioritization is first according to HARQ-ACK payload, then according to the priority of other information in the same transmission, and finally by prioritizing the MeNB. 

Proposal 3: A power limited UE operating with dual connectivity can autonomously set the transmission power of a PUSCH to zero.
Proposal 4: A power limited UE operating with dual connectivity and required to reduce a transmission power of a PUCCH, sets the transmission power of the PUCCH to zero.
Proposal 5: For synchronous DC operation or for asynchronous DC operation and a UE able to determine the power in the later overlapping subframe for transmissions to a first eNB prior to beginning transmissions to a second eNB in a subframe, remaining power 
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 can be allocated to both eNBs. For asynchronous DC operation and a UE unable to determine the power in the later overlapping subframe for transmissions to a first eNB prior to beginning transmissions to a second eNB, dynamic power sharing among eNBs is not supported (
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