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1. Introduction

Several aspects of transmit power control for Dual Connectivity (DC) were discussed at the RAN1 #76bis meeting. It was observed that RAN1 first needed to reach a common understanding regarding several issues including power limitation use cases and the consequences of uncoordinated scheduling across cell groups. Most of these issues were treated in a RAN1 76b-08 email discussion as described in [1]. In this contribution we present our views on the unresolved aspects presented in [1]. 
2. Deployment Scenarios and Use Cases
The email discussion of [1] sought to answer/clarify the following questions:

0. Is dynamic power-sharing between two CGs/eNBs necessary?
1. Do PMeNB and PSeNB (maximum transmit power per CG/eNB) need to be defined?
2. In the unsynchronized scenario, how to define the power-limited case?
3. Does a UE need to take into account the power requirement of the other eNB/CG before allocating its available power for the first eNB/CG, in the following two cases
a. Case 1) when the first (with respect to timing) eNB/CG is MeNB/MCG
b. Case 2) when the first (with respect to timing) eNB/CG is SeNB/SCG
4. Is the additional processing time reduction (maximum close to 1ms) acceptable?
5. Is it allowable to keep some aspects as UE implementation matters?
6. What should be decided in RAN1 and what in RAN4?
7. Is configuration of UE maximum transmit power per serving cell applicable in dual connectivity?

Before proceeding with these questions it is necessary to first review the deployment scenarios for DC. The DC WID [2] describes a target scenario where macro and small cells are connected by a non-ideal backhaul link. One use case may be where a macro eNB (the MeNB in this case) offloads most DL and UL traffic to a small cell controlled by the SeNB. Thus, UL transmission in the MCG may be limited to the essential information (e.g. SRBs, PRACH, CSI) needed to maintain a connection to the network, whereas most U-plane traffic is scheduled in the SCG. 
A second use case is where the UE is close enough to both eNBs such that total power for simultaneous UL transmission in both cell groups does not exceed the configured maximum UL power PCMAX. For this second use case the UE power can be semi-statically shared between MeNB and SeNB such that the total power is bounded as
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). Hence, UE behavior in response to a power limitation is restricted to the affected cell group and should not impact UL transmission in the other cell group.
As long as the first use case is valid for DC, a semi-static power split is inefficient as it limits transmit power (and correspondingly UL performance) in one cell group even when there is no UL transmission in the other cell group. To support DC in a variety of scenarios it is better to allow dynamic power sharing between cell groups.
Proposal 1: Dynamic power sharing between cell groups is supported for Dual Connectivity.
3. Dynamic Power Allocation

Several candidate dynamic power allocation schemes were presented in [1], where the need for cell-group-specific power allocation parameters, PMeNB and PSeNB, is the differentiating factor. One use case for PMeNB and PSeNB is to serve as scaling weights in the event of a power limitation so that total transmit power does not exceed PCMAX, i.e. PMeNB + PSeNB ≤ PCMAX. However, RAN2 has agreed as a working assumption that [3]
· The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE. 
· The preamble transmission in the PCell is considered more important than preamble transmission in any other cell. 

Therefore, as a PMeNB constraint would have to be relaxed for critical UL transmissions in the MCG the benefit of introducing PMeNB and PSeNB is unclear. Another motivation is that each serving eNB may take into account the configured PeNB for UL scheduling. If the current PHR definition is maintained such scheduling considerations can be negotiated between eNBs and reflected in the configured value of PCMAX,c for each serving cell. Therefore, Candidate 1 in [1] is preferable.

Proposal 2: There is no clear need for introducing new parameters PMeNB and PSeNB for dynamic power sharing 
· Maximum transmit power per serving cell is PCMAX,c and maximum transmit power per eNB/CG is PCMAX
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using PCMAX,c
It is left to specify prioritization rules in the case of a power limitation taking into account the MCG constraints. A simple framework to build upon in the case of a power limitation is as follows: 

Proposal 3:

· PRACH transmission to the PCell has first priority 
· Consider PRACH transmission to the pSCell as second priority

· HARQ-ACK feedback has third priority
a. FFS whether to assign higher priority to HARQ-ACK feedback corresponding to RRC signaling messages 

· FFS between the following

a. It can be left to UE implementation how to prioritize power allocation for any other transmission including equal power scaling
b. Specify further rules for prioritization between cell groups
3.1. Impact of asynchronous received timing
Another aspect of dual connectivity is the relative received timing between the cell groups. For the approximately synchronized case the relative received timing between eNBs is on the order of 30 µs similarly to Rel-11 CA with multiple TAGs. A second case is the unsynchronized scenario where relative received timing can be close to 1ms. Compared to the multiple TAG case, the unsynchronized scenario necessitates a new definition of power limitation. Figure 1 shows the case where UL transmissions occur in both cell groups in consecutive subframes and the subframe indexing is generally different to emphasize the asynchronous nature of DC. In Rel-11 a UE is allowed to set its configured maximum output power PCMAX in a subframe within bounds set by the higher layer signaled IE, P-Max, the UE power class and band-specific tolerances resulting in the range PCMAX_L ≤ PCMAX ≤ PCMAX_H. In Figure 1 there are three different regions, indicated by (n, m), (n+1, m) and (n+1, m+1), where the definition of PCMAX may be different. 
As a design principle (agreed as a working assumption in RAN1 #76bis) the transmit power for an UL transmission should not change within a subframe because it affects demodulation. For example, changing the power on each UL DRMS symbol affects channel estimation especially when an orthogonal cover code is applied across DMRS symbols. Therefore, the definition of PCMAX should take into account all overlapping regions between cell groups. In Figure 1, the lower bound PCMAX_L can be taken as the minimum value of PCMAX_L across all overlapping regions and the UE power capability PPowerClass should not be exceeded at any time.
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Figure 1 Overlap between cell groups for the unsynchronized scenario
Proposal 4: 

· For Dual Connectivity, a UE is said to be power limited if the total desired power exceeds PCMAX in any part of a subframe.
· The UE is allowed to set PCMAX within the range PCMAX_L ≤ PCMAX_L ≤ PCMAX_H, where PCMAX_L is the minimum across all overlapping subframes.

· It is up to RAN4 to set the tolerances. 

A different issue with the asynchronous scenario is the impact on UE processing time. To illustrate the problem we consider the extreme case where a UE is at the cell edge of a large macro cell with a propagation delay of 0.33ms. Figure 2 shows a scenario where the MeNB is a macro and the SeNB is a pico eNB with a propagation delay to the UE of 0.083ms and a relative time difference with respect to the MCG of 0.67ms. For 4ms HARQ-ACK or PUSCH timing in response to a DL assignment or UL grant respectively, the UE processing time in the MCG is 2.33ms and even longer in the SCG given the shorter propagation delay. However, the large relative receive time difference between cell groups reduces the available processing time for the SCG since there is an overlap between UL transmissions as shown by the shaded portion of the UL transmission in subframe m+4. 
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Figure 2 Illustration of reduction in processing time for asynchronous DC scenario
There are two possible solutions to ensure constant transmit power in a subframe. The first solution is to allow a reduction in processing time at the UE. This may be undesirable as it may impact UE implementation complexity. However, it should be noted that the preparation of a HARQ-ACK feedback or PUSCH transmission not containing a PHR is not affected by how/when the UE determines the required transmit power within the processing time budget. On the other hand when PHRs are to be transmitted it is recommended to leave it to UE implementation. For example, the UE may choose to drop the PHR if there is not enough processing time. Note that prioritization of UL channels/signals across cell groups may also relax the additional UE complexity introduced by a reduced processing time. For example, if PRACH is to be transmitted to the PCell, the UE can set the PRACH transmit power without waiting to determine power requirements in the SCG. 
Proposal 5:

· The UE should take into account the power requirements of both cell groups when determining the transmit power in a subframe

· Some processing time reduction may be supported to enable dynamic power sharing 

4. Conclusion

In this contribution we analyzed several aspects of UL power control based on the RAN1 76b-08 email discussion. Our recommendations are:

· Dynamic power sharing between cell groups is supported for Dual Connectivity
· Regarding power allocation parameters in each cell group

· There is no clear need for introducing new parameters PMeNB and PSeNB for dynamic power sharing
· Maximum transmit power per serving cell is PCMAX,c and maximum transmit power per eNB/CG is PCMAX
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using PCMAX,c
· A framework for prioritization of UL channels/signals can be based on
· PRACH transmission to the PCell has first priority 

· Consider PRACH transmission to the pSCell as second priority

· HARQ-ACK feedback has third priority

· FFS whether to assign higher priority to HARQ-ACK feedback corresponding to RRC signaling messages 

· FFS between the following

· It can be left to UE implementation how to prioritize power allocation for any other transmission including equal power scaling

· Specify further rules for prioritization between cell groups
· For Dual Connectivity, a UE is said to be power limited if the total desired power exceeds PCMAX in any part of a subframe.

· The UE is allowed to set PCMAX within the range PCMAX_L ≤ PCMAX_L ≤ PCMAX_H, where PCMAX_L is the minimum across all overlapping subframes.

· It is up to RAN4 to set the tolerances for the DC scenario. 

· The UE should take into account the power requirements of both cell groups when determining the transmit power in a subframe

· Some processing time reduction may be allowed to enable dynamic power sharing 
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