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1
Introduction
After RAN1#76-bis meeting, the email discussion [76b-08] about uplink power control for Dual Connectivity took place. The main outcome was a working assumption to support dynamic power-sharing. However, plenty of open points remained among others as follows [1]:

· FFS on what exactly the dynamic power-sharing is
· Whether/how to specify PMeNB and PSeNB
· FFS whether/how to specify synchronized and unsynchronized

This contribution discusses about the open issues related to the uplink power control for Dual Connectivity. 

2
Discussion

2.1
Framework for Uplink Power Control in Dual Connectivity

Framework for designing the uplink power control in Dual Connectivity is considered to be based on the following working assumptions:

1) Working assumption of RAN1#76bis for power control during on-going transmission [2]: 
· Power control changes are not allowed on one carrier in the middle of subframe in asynchronous case in dual connectivity
2) Working assumption of RAN2#85bis for prioritizing cell groups [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

3) Working assumption of RAN1 for synchronization between cell groups [4]:

· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 30.26 + X micro sec

· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB

· Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB
From 1) it can be deduced that the transmission power of the physical channels being transmitted on one CG cannot be changed during a subframe. As a consequence, in especially in asynchronous case, UE might need to take into account required transmission power for two consecutive subframes on one CG when determining the available power for the subframe on the other CG, depending on applied prioritization rules.
2) is interpreted so that it should be guaranteed that MCG has always required transmission power available. Thus,transmissions on MCG serving cells should be prioritized over transmissions on SCG serving cells. . 

Observation 1: RAN2 working assumption implies that MCG transmission needs to always be prioritized.
While semi-static transmission power split (i.e. defining PMeNB + PSeNB ≤ PCMAX) would ease the implementation in asynchronous deployment, it would restrict the coverage of MCG, and thus reduces possibilities for DuCo to be configured for the UE. In addition, the semi-static transmission power split would limit achievable UL peak rates on SCG. On the other hand, the benefits include less complicated transmission power handling at the UE by as well as not reducing UE processing time likely required in dynamic sharing.

Dynamic power sharing would allow overcoming the above discussed restrictions related to coverage and achievable UL data rate shortage as well as the lower applicability of Dual Connectivity imposed by semi-static power sharing. Thus, from DuCo operation efficiency point of view, the dynamic power sharing is seen more feasible approach to be adopted. 

Proposal 1: Dynamic power sharing to be adopted for DuCo. 
2.2
Prioritization between CGs or physical channels across CGs

In dynamic sharing, the options are to consider prioritizing always MCG over SCG, or prioritizing physical channels across CGs with the aim at securing the essential RRC signalling on MCG over the other transmissions. Considering the asynchronous deployment, prioritizing MCG transmissions over SCG transmissions would mean lower UE implementation complexity since for example in power-limited situation the power scaling can be performed per CG using Rel11 functionality. On contrary, in the latter prioritization approach, one would need to define relative priorities between physical channels across CGs. In order to be able to prioritize e.g. RRC signalling the UE should be able to distinguish PUSCHs carrying MAC SDUs conveying SRB data from PUSCHs not carrying any SRB data. That would greatly increase UE implementation complexity in the power scaling function. 
Observation 2: Prioritizing MCG transmissions over SCG transmissions would enable lower UE implementation complexity than prioritizing physical channels across CGs.
Furthermore, prioritization between physical channels across CGs cannot guarantee that the highest priority physical channel would get all the required power for instance in the asynchronous case. That is because the available power is determined based on earlier decisions that define the used transmission power on overlapping subframe on the other CG. The earlier decision may have had prioritized physical channel on SCG which would restrict the available power for the partially overlapping physical channel on MCG later in time that could have even higher priority.

Proposal 2: Support prioritization between CGs, not between physical channels across CGs. 
2.3
MCG Prioritized Dynamic Transmit Power Sharing

MCG prioritized dynamic power sharing would be performed by always allocating transmission power first to MCG and the left-over would be maximum available for SCG transmission. That means that when calculating the maximum available transmission power for SCG subframe, the required transmission power of overlapping MCG subframe(s) are taken into account. That would apply to both synchronous and asynchronous case. 

The uplink power control for MCG would work as in Rel11, while the uplink power control for SCG would need to take into account the overlapping part with MCG subframes. For a UE, that means tighter timing budget as it would need to wait until the scheduling grant for the overlapping subframes on MCG to arrive. To alleviate the tightened processing time budget, certain relaxations could be considered. These are discussed in the next section.

Proposal 3: Allocate transmission power first to MCG, the SCG is given the leftover power. 

2.4
On UE Processing Time Reduction

As discussed above, the support of dynamic power sharing comes with a cost of reducing the UE processing time. The processing time reduction relates to determining the maximum available transmission power for SCG subframe taking into account the required transmission power for the latter overlapping MCG subframe when assuming MCG prioritized scheme. 
The UE implementation shall take into account the maximum TA value when determining the minimum available processing time. In legacy case, the uplink processing time budget is roughly 2.33 ms calculated from the end of the downlink subframe carrying the uplink grant to the start of the uplink transmission. Contribution from maximum TA value is roughly 0.67 ms. In asynchronous DuCo deployment, the available processing time related to determining the available transmission power is reduced almost by 1 ms. For the UE implementation that needs to take into account the maximum TA value (on both CGs) it means available processing time being 1.33 ms. 

It’s considered that dynamic sharing would be required for efficient DuCo operation, but then on the other hand it should be discussed that could there be some possible relaxations to be applied when DuCo is configured to alleviate the required processing time reduction. As discussed above, the maximum TA value is a parameter that has a significant contribution on the minimum available processing time. Currently, the maximum TA value supports cell radius of 100km but it is questionable whether either cells of MCG or SCG would have such a long cell radius to be supported in DuCo. The SCG cells are anyway envisioned to be small cells requiring only small TA values to be actually used, if any. It’s also considered that MCG cells in DuCo do not need to support 100 km cell radius. For instance, limiting the maximum TA value in DuCo to support e.g. 35 km cell sizes would increase the minimum available processing time for the UE roughly by 430 us. 

Proposal 4: To discuss whether maximum TA value could be reduced in case DuCo is configured.
2.5
Case when UE is power-limited

A UE would be power-limited if on any overlapping part, the total transmission power would exceed PCMAX. Power scaling would be performed in case  PCMAX is exceeded as follows:

· Power required for transmissions on MCG subframe would exceed PCMAX
· UE would perform power scaling for physical channels on MCG per Rel11 rules and would drop possible transmissions on overlapping subframes on SCG

· Power required for MCG (if any) and SCG transmissions during SCG subframe would exceed PCMAX assuming power required for MCG transmissions would not exceed PCMAX
· UE would perform power scaling for physical channels on SCG per Rel11 rules and would drop SCG transmissions if the resulting power scaling would lead to too weak signal power on SCG

The definition of PCMAX itself may need to be discussed in RAN4, because the overlapping parts may have different PCMAX_L values (similar to what has been specified for the case of multiple TAGs configured to the UE in Rel11 uplink CA). 
Proposal 5: Autonomous dropping of SCG transmission could be considered if remaining power would be too low compared to required transmission power on that CG.
Proposal 6: Definition of PCMAX should be discussed in RAN4. 
2.6
Whether or not to define PMeNB and PSeNB and whether there is need to signal these to UE
Defining PMeNB and PSeNB would allow network to utilize dynamic sharing by setting PMeNB + PSeNB > PCMAX. On the other hand, it’s considered that in order not to restrict MCG coverage, the PMeNB should be able to be set to PCMAX. Given this assumption together with assumed priority rule to prioritize MCG over SCG, the UE would anyway need to determine the left-over power for the SCG transmissions based on PCMAX and required transmission power for MCG transmissions in case of simultaneous transmissions on CGs. In addition, Pcmax,c can be used to control maximum transmission power per serving cell. Thus, from UE perspective, it’s unclear whether PMeNB and PSeNB should be defined as parameters to be signalled to the UE. Though, those can be used within the network by MeNB and SeNB to coordinate power allocations but it’s considered that current definitions Pcmax,c and PCMAX are probably enough to be required by power control at the UE. 

Observation 3: It’s unclear whether PMeNB and PSeNB should be defined as parameters to be signalled to the UE.
3
Conclusions
In this contribution we discussed about open uplink power control issues related to Dual Connectivity and draw the following proposals and observation. 

Observation 1: RAN2 working assumption implies that MCG transmission needs to always be prioritized

Proposal 1: Dynamic power sharing for uplink for DuCo.

Observation 2: Prioritizing MCG transmissions over SCG transmissions would enable lower UE implementation complexity than prioritizing physical channels across CGs.
Proposal 2: Support prioritization between CGs, not between physical channels across CGs.

Proposal 3: Allocate transmission power first to MCG, the SCG is given the leftover power.
Proposal 4: To discuss whether maximum TA value could be reduced in case DuCo is configured.
Proposal 5: Autonomous dropping of SCG transmission could be considered if remaining power would be too low compared to required transmission power on that CG.
Proposal 6: Definition of PCMAX should be discussed in RAN4.
Observation 3: It’s unclear whether PMeNB and PSeNB should be defined as parameters to be signalled to the UE.
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