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1 Introduction

Upon the email discussion output [1] about transmission power control in dual connectivity after RAN1#77 meeting, working assumption was achieved that the remaining power can be allocated to both eNBs according to priority rule. The exact mechanisms and specification impacts to support channel priority across CG for the remaining power in dual connectivity are summarized as below: 
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.
Conclusions:

· Continue discussion on priority rule details in RAN1#78
· Continue discussion on the remaining issues in RAN1#78
In this contribution we investigate priority rules of dual connectivity and provide our preference.
2 Priority rules of dual connectivity
According to the email discussion, there are mainly two approaches of priority rules across CGs. 

· Approach 1: PUCCH on MCG > PUCCH on SCG > PUSCH with UCI on MCG > PUSCH with UCI on SCG > PUSCH without UCI on MCG > PUSCH without UCI on SCG
· Approach 2: SR>HARQ-ACK>CSI>data. When the same type of information is transmitted in both MCG and SCG, the information on MCG is with higher priority.
Approach 2 follows the same motivations to define the priority rule as in Rel-10 and Rel-11 for carrier aggregation, and so it is preferred than approach 1. In Rel-10 and Rel-11 carrier aggregation, PUCCH>PUSCH with UCI > PUSCH without UCI was used. With these defined rules, HARQ-ACK>CSI>data always applies in Rel-10 and Rel-11, which was the real motivation behind those rules. HARQ-ACK>CSI>data always applies because of the following design for any UE
· Only one PUCCH is supported 

· HARQ-ACK can exist either in PUCCH or in PUSCH but not both

· CSI can exist either in PUCCH or in PUSCH but not both

· There is no PUCCH when HARQ-ACK is transmitted in PUSCH

However in Rel-12, more than one PUCCH is allowed. HARQ-ACK can exist in both PUCCH and PUSCH simultaneously, and so do CQI. Therefore, with approach 1, the followings can happen 
· HARQ-ACK< CSI. For example, PUSCH with HARQ-ACK/data on SCG < PUSCH with CSI/data on MCG, based on the rules of approach 1.
· CSI<data. For example, PUSCH with CSI/data on SCG < PUSCH with CSI/data on MCG, based on the rules of approach 1.
· HARQ<data. For example, PUSCH with HARQ-ACK/data on SCG < PUSCH with CSI/data on MCG, based on the rules of approach 1.
Such prioritization can hardly be justified and we recommend approach 2 to be used to reflect the real priorities. 
Proposal 1: Adopt approach 2 for priority rule: 

SR>HARQ-ACK>CSI>data. When the same type information is transmitted in both MCG and SCG, the information on MCG is with higher priority
As multiple types of information can be multiplexed into the same physical channel and power scaling is often performed to the entire channel, it needs to be considered how to define the priority of the physical channels while reflecting approach 2.
Using the information with highest priority in the physical channel to define the priority of the channel can be a simple option. For example, PUSCH with HARQ-ACK is with the priority of HARQ-ACK. More specifically, it can be defined as:

PUCCH with SR on MCG> PUCCH with SR on SCG>PUCCH/PUSCH with HARQ-ACK on MCG > PUCCH/PUSCH with HARQ-ACK on SCG > PUCCH/PUSCH with UCI but without SR/ HARQ-ACK on MCG> PUCCH/PUSCH with UCI but without SR/HARQ-ACK on SCG>PUSCH without UCI on MCG > PUSCH without UCI on SCG
The problem of this option is that the information with low priority would be set with high priority because it is multiplexed with the information with high priority. For example, data in PUSCH can be assigned with the same priority as the piggybacked HARQ-ACK. If such PUSCH is on MCG, and there is HARQ-ACK in SeNB, the latter may be scaled due to a very large data transmission in MCG, which is contradicted to the principle of approach 2. CSI can also be penalized due to large data transmission. However, the negative impact of CSI dropping may not be as crucial. In the following, two possible solutions are provided to protect HARQ-ACK from being penalized by large data transmission. 
Solution 1: Modify “PUCCH/PUSCH with HARQ-ACK on MCG > PUCCH/PUSCH with HARQ-ACK on SCG” by taking into account of the size of UL-SCH transmissions. In detail, allow PUSCH with HARQ-ACK on MCG to be with lower priority than PUCCH with HARQ-ACK on SCG, if the size of UL-SCH resource allocation is too big. 
Solution 2: Send HARQ-ACK on PUCCH and drop UL-SCH on MCG, if it can enable the transmission of HARQ-ACK on SCG.
Proposal 2: Use the information with the highest priority in the physical channel to define the priority of the channel, with additional solution to protect HARQ-ACK in SCG from being penalized by large data transmission in MCG. 

3 HARQ-ACK penalized by the UL-SCH multiplexed in the same PUSCH

As multiple types of information can be multiplexed into the same physical channel and power scaling is performed to the entire channel, large data transmission will also cause problem to the HARQ-ACK multiplexed in the same PUSCH. When there is not enough power for the entire PUSCH, HARQ-ACK has to be scaled together with UL-SCH.  Therefore in such cases, HARQ-ACK is penalized due to large size of UL-SCH and may not be successfully decoded. There was no such problem in Rel-10 and Rel-11, as PUSCH with HARQ-ACK is almost always with the highest priority, and the power scaling to it rarely happens. However, in dual connectivity, PUSCH with HARQ-ACK can be with lower priority than other channels and be scaled.
There are two possible solutions to solve the problem:

Solution A: assign more REs to HARQ-ACK in the PUSCH
Solution B: drop the multiplexed UL-SCH in the same PUSCH
Proposal 3: Protect the HARQ-ACK penalized by the UL-SCH multiplexed in the same PUSCH
4 Conclusions
In this contribution we investigate priority rules of dual connectivity. Based on the analysis we have the following proposals:

· Proposal 1: Adopt approach 2 for priority rule: 

SR>HARQ-ACK>CSI>data. When the same type information is transmitted in both MCG and SCG, the information on MCG is with higher priority
· Proposal 2: Use the information with the highest priority in the physical channel to define the priority of the channel, with additional solution to protect HARQ-ACK in SCG from being penalized by large data transmission in MCG

· Proposal 3: Protect the HARQ-ACK penalized by the UL-SCH multiplexed in the same PUSCH
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