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1 Introduction
In RAN1#78 meeting, issues related to dual connectivity were discussed especially on power control across CGs in synch/asnych case and priority rule across CGs. As the results, following agreements are made: 
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

Agreements:
· When UE applies priority rule for PUCCH/PUSCH across CGs, 

· Same handling with MTA of CA i.e. RAN1 spec is written as if all subframes are aligned and total transmission power should not exceed P_cmax on any overlapped portion.
Agreements:
· At least for PUCCH and PUSCH, for asynchronous dual-connectivity,
· All remaining power is first made available to CG associate with earlier transmission

· No-Look-ahead (for the case that transmission timing difference is larger than around 33 micro sec) is specified as the UE behavior
· Definition of synchronous and asynchronous dual-connectivity is according to RAN4
· Timing relationship in any TA groups should be clarified in RAN4

· FFS: For asynchronous dual connectivity with the case that transmission timing difference is very small (e.g., around 33 micro sec)
A number of agreements on power control for dual connectivity were made in the last meeting, but there are still remaining points to be discussed. In this contribution, we continue to discuss FFS points especially on power control issues. 
2 Details of priority rule for the remaining power
In Rel-12 behavior, UE will transmit aperiodic CSI and drop periodic CSI as aperiodic CSI is triggered to be transmitted in the same subframe where periodic CSI is supposed to be transmitted. It seems natural since eNB would know when periodic CSI will be reported and which cell is associated with the periodic CSI reporting. However, in dual connectivity, since each CG would not share scheduling information dynamically and UL timing difference between CGs would be unknown at eNB side, periodic CSI reporting on one CG can be frequently dropped due to aperiodic CSI reporting on other CG as Rel-12 rule is applied. To avoid the unexpected frequent dropping of CSI reporting due to other CG, it can be considered to support to transmit both aperiodic CSI on one CG and periodic CSI on other CG simultaneously. Within CG, it would be better to follow Rel-12 rule; transmit aperiodic CSI and drop periodic CSI. 
Proposal 1: It can be considered to support simultaneous transmission of aperiodic CSI on one CG and periodic CSI on other CG in dual connectivity. 

Furthermore, in dual connectivity, it is not straightforward that aperiodic CSI on one CG always be prioritized over periodic CSI on other CG. Followings are candidates for priority rule between aperioidc CSI and periodic CSI across CGs: 
· Alt 1: Aperiodic CSI on one CG is prioritized over periodic CSI on other CG.
: In general, aperiodic CSI would be less frequently reported compared to periodic CSI. Furthermore, aperiodic CSI is triggered by eNB. Therefore, it can be considered to prioritize aperiodic CSI over periodic CSI across CGs. However, in this case, it can cause power scaling on PUCCH transmission. 

· Alt2: Aperiodic CSI on one CG and periodic CSI on other CG have the same priority. 

: In this case, two sub-options can be further considered: (Alt2-1) one is that CSI on MCG is prioritized over CSI on SCG, or (Alt2-2) the other is that CSI on PUCCH is prioritized over CSI on PUSCH. In the perspective that MCG could contain more important data(e.g. SRB), Alt 2-1 can be applied for reliable transmission with proper CSI. In case of Alt 2-2, since PUCCH transmission requires in general less transmission power compared to PUSCH transmission, allocating remaining power to PUCCH transmission first rather than PUSCH transmission would be efficient in terms of network throughput. It might be depending on the decision whether priority rule based on channel type is supported or not. 
Our preference is Alt 2-2, prioritize PUCCH over PUSCH for periodic/aperiodic CSI, but we are open to Alt 2-1. 
Next, when the same UCI type collides, it is necessary to discuss whether it can be considered to apply priority rule based on channel type or not. More specifically, if the same UCI type collides, it can be taken into account that channel type of PUCCH gets higher priority over PUSCH. As mentioned earlier, in general, it is expected that required power for PUCCH would have lower compared to PUSCH. Furthermore, UL-SCH on PUSCH will be protected with HARQ process while UCI will not be retransmitted regardless of the container. In terms of reliable transmission of UCI in overall network, it would be better to allocate remaining power to PUCCH first rather than PUSCH. In that point of view, it can be considered priority rule based on channel type.
Proposal 2: In DC power control mode 1 for power allocation, periodic CSI and aperiodic CSI across CGs have the equal priority.  
Proposal 3: Priority rule based on channel type could be considered before applying priority rule based on carrier group type for dual connectivity. 
3 UCI handling in power-limited case
In dual connectivity, it is possible that HARQ-ACK transmission on one CG has lower priority compared to other transmission on other CG which coincides in the same subframe.  For example, HARQ-ACK transmission on SCG can be overlapped with PCell PRACH or HARQ-ACK transmission on MCG. In this case, if UE is in power-limited case, at least one HARQ-ACK transmission would need to be either power-scared or dropped as follows:
· Alt 1: Drop HARQ-ACK transmission with lower priority.
: In terms of HARQ-ACK performance, it is well known that protecting NACK-to-ACK error is more important compared to ACK-to-NACK error. If HARQ-ACK with lower priority is assumed to be dropped due to collision with other channels with high priority, eNB would need to detect DTX of PUCCH transmission. When eNB detect PUCCH DTX, it could wait HARQ-ACK in another SF or set all the HARQ-ACK states to NACK. However, if eNB fails to detect PUCCH DTX, NACK-to-ACK error still occurs. 
· Alt 2: Perform power scaling on HARQ-ACK transmission with lower priority.
: In dual connectivity, guaranteed power for each CG can be configured as ratios of P_CMAX by network. In our view, eNB might configure suitable values of guaranteed power based on the minimum requirements for HARQ-ACK transmission for each CG. If UE is in power-limited case and required power for HARQ-ACK transmission with lower priority is larger than configured power P_eNB, then power for HARQ-ACK with lower priority will be set to the configured power P_eNB. 
In terms of NACK-to-ACK error performance, it seems not clear whether dropping HARQ-ACK with lower priority is better compared to power scaling with guaranteed power for each CG or not. Furthermore, it is expected that dropping option would need to investigate subsequent issues such as how to handle UCI which is simultaneously transmitted with HARQ-ACK to be dropped, or how to handle remaining power coming from HARQ-ACK dropping. Given that a UE can be configured with P_SeNB and P_MeNB which can be used as a minimum power allocated to HARQ-ACK transmission either via PUCCH or PUSCH, with appropriate network scheduling, transmission of HARQ-ACK could be better than dropping of HARQ-ACK. In this perspective, we prefer Alt 2. 
Proposal 4: When UE is in power-limited case, it can be allowable to perform power scaling on HARQ-ACK transmission with lower priority. 
4 Further clarification of synchronous and asynchronous operations
During the several meetings, two types of power control modes are discuss for asynchronous case as follows:
For the discussion, we call DC power control mode 1 to capture the UE behavior as the following

-
All the remaining power can be shared. 

-
Priority is determined based on UCI type across CG for the remaining power

We also call DC power control mode 2 to capture the UE behavior as the following:-

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

-
All remaining power is first made available to CG associate with earlier transmission.
Main consideration to select one of the DC power control modes is whether processing time budget is enough to perform look-ahead or not. In that sense, it was already agreed DC power control mode 2 is used for the case that transmission timing difference is larger than around [33us]. In other words, selecting DC power control mode 1 or mode 2 is highly depending on UE status, especially on UL transmission timing difference. Furthermore, for UEs in motion, UL timing difference can be varying time to time. In this case, it is necessary to switch suitable DC power control mode for efficient power usage and proper operation. If it is assumed that network configures DC power control mode, it is necessary to handle the case where network configures DC power control mode 1 while UE cannot support look-ahead operation. Moreover, it may be needed to share TA values over backhaul signaling which can cause additional latency between MCG and SCG to configure DC power control mode while UE-based solution can use recently received TA values associated with MCG and SCG. In that point of view, we consider that UE can determine which DC power control mode will be used based on its UL transmission timing difference. 
Proposal 5: UE can determine which DC power control mode will be used based on UL transmission timing difference.
It is necessary to discuss whether alignment between eNB and UE in DC power control mode which is currently used is essential or not. In terms of closed power control, network may not know the timing relationship between MeNB and SeNB nor the scheduling information of the other CG. In this case, which mode is used may not change the power control from the network perspective significantly. It is still unclear benefits to introduce new network signaling to align understanding on DC power control mode between UE and eNB. 
Regarding the condition of determining uplink timing difference, as we do not consider that inconsistency between the network and UE seems not critical, and the probability of a case, where a UE’s uplink transmission timing difference is around [33us] and it changes frequently, is very low, we do not think that further specification on details on how UE determines the uplink timing difference is equal to or less than [33us] or larger than [33us] is needed. The details can be left up to UE implementation. 

5 Conclusions

This contribution discussed remaining issues for power control in dual connectivity. The followings are the proposals. 

Proposal 1: It can be considered to support simultaneous transmission of aperiodic CSI on one CG and periodic CSI on other CG in dual connectivity. 

Proposal 2: In DC power control mode 1 for power allocation, periodic CSI and aperiodic CSI across CGs have the equal priority.  
Proposal 3: Priority rule based on channel type could be considered before applying priority rule based on carrier group type for dual connectivity. 
Proposal 4: When UE is in power-limited case, it can be allowable to perform power scaling on HARQ-ACK transmission with lower priority. 
Proposal 5: UE can determine which DC power control mode will be used based on UL transmission timing difference.
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