3GPP TSG RAN WG1 Meeting #94

                 
       R1-1809074
Gothenburg, Sweden, August 20th – 24th, 2018
Agenda Item:
7.1.5
Source:
AT&T
Title:
On Details of Power Control for Synchronous NR-NR DC
Document for:
Discussion/Approval
1 Introduction
In RAN #80 it was agreed that NR-NR DC with NR as the MCG and SCG will be supported in Rel. 15 with the following constraints
· synchronous mode from physical layer aspects;

· Band combination(s) for FR1 + FR2;
· MCG fully in FR1 and SCG fully in FR2

· Common radio protocols and network interfaces applicable to both synchronous and asynchronous mode of operations.
In this document we discuss key aspects of UL power control for NR-NR DC as it relates to the various constraints as described by previously. But before discussing the details it is important to understand the key differences between synchronous and asynchronous DC and their implications on the UL power control. 

2 Synchronous vs Asynchronous DC 
In the case of DC the UE is connected to two MAC entities one for the cells in the MCG and the other for the cells in the SCG. This implies that the UL transmission in the MCG and the SCG are scheduled by two different and independent scheduler. When a UE is scheduled by a single scheduler e.g. CA, it can be always guaranteed that the total power of the transmission across all the cells does not exceed the maximum power limit Pcmax. However in the case of dual connectivity since the UL transmission of the MCG and SCG are scheduled by two independent schedulers it is not possible to guarantee that such a criteria will be always met. In other words it is quite possible that on some instances it is possible that the sum of all the transmit powers across the MCG and SCG may exceed Pcmax. When this happens the UE needs to reduce the transmit power in the MCG and/or the SCG such that the total power stays with the limit allowed by SAR, i.e. Pcmax.

How the UE performs the power back off depends very much on whether the MCG and SCG are synchronized or not. This can also be seen from the UL power control for Rel 12 LTE DC where a similar situation might present itself. Shown in the figure are the two cases:

· MCG and SCG are synchronous (i.e. the MCG and SCG slot boundaries are within the CP)

· MCG and SCG are asynchronous (i.e. the MCG and SCG slot boundaries are NOT within the CP)
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Figure 1 Synchronous NR-NR DC
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Figure 2 Asynchronous DC

Since NR can operate with different numerologies it is evident from these figures that for both synchronous DC as well asynchronous DC, some amount of “look ahead” functionality is needed, where the UE needs to “look ahead” and infer from the scheduling decision over multiple slots whether or not a power back-off is needed for the SCG or MCG or both. This is very different from LTE DC where both SCG and MCG operated with the same numerology and therefore in the case of synchronous DC the UE does not need do any “look ahead” and can determine the need for the power back off if any, from the scheduling grants in the SCG and the MCG in the current slot. This makes the power control in LTE DC quite a bit simpler for the synchronous case compared to the asynchronous case.
Observation 1: Since NR can operate with different numerology in MCG and SCG even with synchronous DC the power control mechanism needs to account for “look ahead” functionality. Therefore the synchronous and asynchronous power control are essential similar in the nature and separate RRC configurable modes are not required for NR-NR DC. 

3 Synchronous DC between FR1 and FR2
As indicated previously another key aspect of the Rel 15 NR-NR DC is that MCG is wholly contained in FR1 and SCG is wholly contained in FR2. Since FR1 and FR2 are in different SAR bands it is not required to power control both SCG and MCG jointly. In for any form of DC between FR1 and FR2 the MCG and SCG can be power controlled independently. 
Observation 2: Since FR1 and FR2 are in different SAR bands it is not necessary to do any joint power control between MCG and SCG when MCG is in FR1 and SCG is in FR2. 
Since FR1 MCG and FR2 SCG are independently control there is essentially no difference between synchronous and asynchronous DC, therefore there is no need to restrict the FR1+FR2 DC to synchronous case only. 
Observation 3: With independent power control between FR1 MCG and FR2 SCG there is no difference between synchronous and asynchronous DC

Proposal 1: In Rel 15 NR-NR when the MCG is wholly in FR1 and SCG is wholly in FR2 asynchronous operation should be supported as well since it is virtually indistinguishable from a synchronous case from the UE point of view. 
4 Summary 
Observation 1: Since NR can operate with different numerology in MCG and SCG even with synchronous DC the power control mechanism needs to account for “look ahead” functionality. Therefore the synchronous and asynchronous power control are essential similar in the nature and separate RRC configurable modes are not required for NR-NR DC. 

Observation 2: Since FR1 and FR2 are in different SAR bands it is not necessary to do any joint power control between MCG and SCG when MCG is in FR1 and SCG is in FR2. 
Observation 3: With independent power control between FR1 MCG and FR2 SCG there is no difference between synchronous and asynchronous DC

Proposal 1: In Rel 15 NR-NR when the MCG is wholly in FR1 and SCG is wholly in FR2 asynchronous operation should be supported as well since it is virtually indistinguishable from a synchronous case from the UE point of view. 
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