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1. Introduction
In RAN1#77, it was agreed that at least for PUCCH/PUSCH, minimum guaranteed power (P_SeNB and/or P_MeNB) can be configured per cell group (CG) for dual connectivity. UE needs to allocate power per each eNB up to P_SeNB or P_MeNB (if configured) respectively regardless of priority rule if transmission is scheduled. In RAN1 #78, the UCI based priority rule is agreed for allocation of remaining power in dual connectivity with several detailed items left FFS. 
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In this contribution, we discuss the remaining issues on potential channel dropping and conversion behavior to minimize the UCI dropping or reception error probability in power limited case. 
2. UCI performance requirement and channel dropping 

In a power limited case, the allocated power on a channel with UCI may be lower than the requested power. For example, for simultaneous PUCCH transmissions on MCG and SCG, in a power limited case, the allocated power on at least one CG will be below the requested power.
For PUSCH data, if it is not correctly received, a retransmission can be performed by a HARQ process. For the UCI, no retransmission is possible. Thus, the UCI may not be able to decode correctly due to lower transmission power. An incorrectly received UCI does more harm to the system performance than a dropped UCI, e.g. a NACK to ACK error causes packet dropping, an ACK to NACK error brings unnecessary retransmission, and a distorted CQI provides bad channel estimation and adaptation. 
Therefore, for UCI transmission, simple scaling with reduced power is not encouraged. Considering the UCI performance requirement, the UE may choose to drop a channel with UCI if the required power cannot be satisfied or the allocated power is below a threshold to maintain an acceptable performance requirement for the UCI. 
Proposal 1: The UE may choose to drop a channel with UCI if the required power cannot be satisfied or the allocated power is below a threshold. 
3. Data dropping for UCI transmissions on PUSCH
PUSCH typically requires higher transmission power than PUCCH. Therefore, the power required for the PUSCH with UCI may exceed the guaranteed power even when the network configures an appropriate guaranteed power for the protection of the PUCCH transmission. In this instance, a drop of the entire PUSCH transmission causes a drop of UCI.
To minimize unnecessary drop of important UCI, some channel conversion and partial information dropping may be considered in dual connectivity. More specifically, it should be allowed for UE not to perform piggy back and to transmit the UCI on the original PUCCH resource if the power required for the PUSCH with UCI exceeds the guaranteed power. Another possible solution is the UCI only transmission via PUSCH.
Proposal 2: For UCI reporting on PUSCH, UCI only transmission should be allowed when transmission power required for the PUSCH with UCI exceeds a guaranteed power.
3.1. Specification impacts
In our understanding, the channel dropping and/or conversion should be specified because it changes the UE behavior. The current specification explicitly mentions that, if a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on PUSCH of the serving cell with smallest ServCellIndex in subframes with a PUSCH allocation. The UCI on PUCCH happens in an exceptional case when the UE does not detect DCI of the UL grant. Specification change is necessary to allow this behavior under normal operation in dual connectivity. 
Without channel dropping or conversion, the power is always allocated to the channels based on the priority ordering even if the allocated power is not sufficient for a channel with UCI. With priority inheritance, the channel priority is based on the UCI priority carried on the channel. Thus, a low priority PUSCH data with HARQ-ACK multiplexing will have a higher priority than a CSI report of another CG. 
With channel dropping or conversion, the original channel priority will be changed. If a channel with UCI is dropped because the allocated power is not enough to satisfy the performance requirement, the save power may be re-allocated to a channel with lower priority, e.g. PUSCH data transmission. Similarly, for UCI transmission on PUSCH, drop PUSCH and report UCI on PUCCH, removes the higher priority of the PUSCH inherited from the higher priority UCI. Thus, the same power may be allocated to a channel with a lower priority on the other CG. Therefore, the transmit power control becomes a more dynamic process of priority ordering. 

Observation: The channel dropping and/or conversion should be specified, because the current specification allows UE to perform only piggyback if PUSCH transmission is allocated.
3.2. Methods of UCI channel conversion
For a PUCCH transmission, the requested transmission power is related to the number of bits to be reported. For a CG with simultaneous HARQ-ACK and CQI reporting on PUCCH, if the allocated power for the PUCCH is not sufficient, the UE may choose to drop the CQI and report only HARQ-ACK.
For a UCI transmission on PUSCH, the total transmission power is related to the number of resource elements of the PUSCH transmission. If the allocated power is not sufficient for the performance requirement of the UCI, some channel conversion or dropping may be considered.

Since a PUCCH transmission normally requires less power than a PUSCH transmission, the UE may choose to drop the data transmission and report the UCI on a PUCCH instead of PUSCH if there is enough power for PUCCH reporting. This is similar to existing UE behavior when no UL grant is received at the UE. And the eNB needs to monitor both PUCCH and PUSCH resources for potential channel conversion in dual connectivity.
Figure 1 presents an example where HARQ-ACK is reported on PUSCH of MCG, and HARQ-ACK is reported on PUCCH of SCG. The request power of each channel is greater than the guaranteed power of each CG, as shown in Figure 1a). If no channel conversion is applied, the SCG will be allocated with PSeNB only, and MCG will be allocated with Pcmax-PSeNB as in Figure 1b). Since the allocated power is lower than the requested power, the UCI performance on both MCG and SCG will be degraded. If channel dropping or conversion is used, e.g. the PUSCH data is dropped and UCI is transmitted on PUCCH instead. Both channels with UCI on MCG and SCG can be transmitted with requested power, as shown in Figure 1c). Note the UCI should not be limited to HARQ-ACK or SR. The channel conversion may also be applied for CSI to minimize the error probability of UCI.
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Figure 1. Example of channel conversion to minimize UCI dropping
To minimize the UE behavior change, a UE may choose to transmit only UCI on PUSCH by transmitting only on the subcarriers or resource elements carrying coded UCI symbols with high power density. The data transmission may be dropped, i.e. no power is allocated to the subcarriers or resource elements of the PUSCH region without UCI multiplexing, as illustrated by Figure 2. 
Thus, the same PUSCH transmission behavior is maintained at the UE. At eNB, with normal PUSCH reception procedure, the UCI can be received, but the PUSCH data cannot be decoded and a retransmission will be signaled. This is a behavior that can be performed at the UE by filtering out part of the allocated PUSCH resources without impacting PUSCH reception behaviors at the eNB.
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Figure 2. UCI transmission on PUSCH with muted PUSCH data region
Proposal 3: For UCI reporting on PUSCH, if required power for the PUSCH with UCI exceeds a guaranteed power configured by eNB, one of the following UE behaviours should be allowed:
· UE drops PUSCH and transmit the UCI on a PUCCH resource.

· UE drops data REs and transmits the PUSCH on subcarriers carrying the UCI only. 
4. Conclusion
In this contribution, we discuss some remaining issues of UL transmission power control for dual connectivity on potential data dropping and channel modifications for UCI transmissions. The channel dropping and/or conversion should be specified, because the current specification allows UE to perform only piggyback if PUSCH transmission is allocated. We propose: 
Proposal 1: The UE may choose to drop a channel with UCI if the required power cannot be satisfied or the allocated power is below a threshold. 

Proposal 2: For UCI reporting on PUSCH, UCI only transmission should be allowed when transmission power required for the PUSCH with UCI exceeds a guaranteed power.
Proposal 3: For UCI reporting on PUSCH, if required power for the PUSCH with UCI exceeds a guaranteed power configured by eNB, one of the following UE behaviours should be allowed:
· UE drops PUSCH and transmit the UCI on a PUCCH resource.

· UE drops data REs and transmits the PUSCH on subcarriers carrying the UCI only. 
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Agreements:


At least for PUCCH/PUSCH, remaining power is allocated on a per-transmission basis


 When UE apply priority rule for PUCCH/PUSCH across CGs, the priority rule for PUCCH/PUSCH across CGs to utilize remaining power is as the followings


HARQ-ACK = SR > CSI > PUSCH without UCI 


FFS: Priority between periodic and aperiodic CSI


If a channel has more than one type of UCI, the prioritization across CG is based on the highest priority UCI type


The same UCI type collides, MCG gets higher priority over SCG


FFS whether priority rule based on channel type is considered


If considered, the same UCI type collides, channel type of PUCCH gets higher priority over PUSCH


If considered, the same UCI type with same channel type collides, MCG gets higher priority over SCG


FFS: For asynchronous case with the case that transmission timing difference is very small (e.g., around 33 micro sec), the priority rule for PUCCH/PUSCH across CGs to utilize remaining power


FFS: UE can drop PUSCH and piggy back the multiplexed HARQ-ACK onto PUCCH in power limited case


FFS: How/whether to ensure eNB and UE have the same understanding of synchronous case











1

_1473059528.vsd
PSeNB: SCG guaranteed power


PMeNB: MCG guaranteed power


MCG PUSCH requested power


Pcmax


SCG 
requested power


MCG PUCCH allocated power


SCG PUCCH allocated power


SCG allocated power


MCG PUSCH allocated power


a) Requested power of each channel


b) Power allocation without channel conversion


c) Power allocation with channel conversion UCI on PUSCH -> UCI on PUCCH



_1472454044.vsd
RI


ACK/NACK


CQI/PMI


Reference symbols


UCI multiplexing


PUSCH data


time


frequency


Slot 0


Slot 1


RI


ACK/NACK


CQI/PMI


Reference symbols


UCI multiplexing


Drop PUSCH data, no signal is transmitted


time


frequency


Slot 0


Slot 1


ACK/NACK


CQI/PMI


Reference symbols


UCI multiplexing


PUSCH data, e.g. zero padding


time


frequency


Slot 0


Slot 1


No PUSCH data and symbols



