
3GPP TSG-RAN WG1 #97		R1-1907330
Reno, USA, May 13-17, 2019

Source:	Ericsson
[bookmark: Title]Title:	Power Control for NR-NR DC
[bookmark: Source]Agenda Item:	7.2.13.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
[bookmark: _Ref178064866]In this document we discuss the framework for NR-NR DC power control.
This document is resubmission of R1-1905141.
Discussion

In Rel15, for EN-DC, dynamic power sharing was defined as a UE capability where a capable UE can dynamically adjust its NR transmission power based on LTE transmission activity. A UE not capable of this behavior is considered to support what is generally referred to as ‘semi-static’ power sharing. 
For Rel16 NR-DC, dynamic power sharing can be similarly considered as the ability of a UE to dynamically adjust its transmission activity in one CG based on transmission activity in another CG. Similarly, a UE lacking this ability can be understood to support ‘semi-static’ power sharing. 
· Dynamic power sharing:  Power allocation approaches that can be used for a UE that has the capability to dynamically adjust its transmission activity in one CG based on transmission activity in another CG
· Semi-static power sharing: Power allocation approach that can be used for a UE that cannot dynamically adjust its transmission activity in one CG based on transmission activity in another CG
From a coverage perspective, i.e., considering ‘coverage’ as the ability to maintain connection to the UE when configured with NR-NR DC, semi-static power sharing approaches can never be better than dynamic power sharing. This aspect was also considered in Rel15 (e.g. [2], [3]). With semi-static power sharing, the maximum transmission power of one CG must be preemptively reduced regardless of presence of simultaneous transmissions on another CG. The implication of this is that NR-DC can only be configured when UE can be guaranteed to sustain a connection with reduced maximum transmit power (e.g. 20dBm on each CG). This limitation does not exist for dynamic power sharing. For example, considering the approach agreed in Rel15 where MCG transmission power is prioritized, there is no ‘risk’ for the NW to configure the UE with DC operation as the UE can always be assumed to transmit with maximum transmit power on at least one CG (MCG in Rel15) whenever needed.
In the previous RAN1 meetings, there were initial discussions on phase discontinuity, link adaptation aspects etc. To properly analyze the implications of these aspects the power sharing mechanisms that are being compared need to be defined in more detail. Below we provide some high-level views.

· Link adaptation
· With semi-static power sharing, link adaptation is predictable since independent transmission power allocation can be assumed for each CG. However, this predictability comes at the cost of preemptively degrading the link quality (due to lower available power) on each CG to be always lower than best possible link quality.
· With dynamic power sharing, NW has more flexibility to implement a suitable trade-off between better link quality and link adaptation predictability. 
· For example, if sparse transmissions can be assumed on one CG then collisions are infrequent, link adaptation impact is minimal and transmissions on both CGs can be at full power most of the time. If both CGs are fully loaded, there will be frequent collisions and NW can choose to obtain link adaptation predictability on one or both CGs by an appropriate power allocation/prioritization approach.
· Phase discontinuities
· For semi-static power sharing, phase discontinuity issues can be generally be avoided (unless same PA is used for MCG and SCG transmissions)
· For dynamic power sharing, phase discontinuity issues can be avoided by having rules such that UE maintains transmission power of ongoing transmissions.
· It should also be noted that the extent of phase discontinuities and their performance impact depends on several aspects including UE and NW implementation (e.g. see [4]). 
· Timeline restrictions
· For EN-DC, the power sharing framework was based on the restriction that P1t (transmitted power for CG1) cannot be adjusted based on P2g (power required for CG2) if the UL grant for CG2 arrives later than the UL grant for CG1. The intention behind this restriction was to allow LTE UE implementations without any changes to the UL power computation timeline. However, for NR the timing between UL grant and corresponding PUSCH is flexible and the UE’s timeline for power control need not be linked to the timing between UL grant and corresponding PUSCH. Also, the time needed for making changes to the power of a UL transmission would likely be less than the lowest delay between a UL grant and the corresponding PUSCH. These aspects needs to be considered for NR-DC power control design.
· UE implementation aspects 
· Rel15 EN-DC power control supported a separate capability for semi-static power sharing. This option allowed simplified UE implementations that did not require fast communication between MCG (LTE) and SCG (NR) modules within the UE. For NR-NR DC, it is reasonable to assume such communication as baseline. This was also the assumption for LTE-LTE DC in Rel12.

Proposal 1

· For NR-NR DC power control where MCG and SCG are in same frequency range fast communication between MCG and SCG modules within the UE can be assumed as baseline (i.e., no need to specify a separate semi-static power sharing capability)

Power Sharing framework for NR-DC
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Figure 1 – Power sharing framework for NR-DC
Based on above discussion we propose the following framework for NR-DC power sharing. This is also illustrated in Figure 1.
· UE is configured with transmit power limits P_limit_CG1 applicable to CG1 and P_limit_CG2 applicable to CG2.
· To compute the transmit power for CG1 UL transmission starting at time T0, 
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping CG2 UL transmission, and if such PDCCH(s) are detected, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1; 
· UE also checks (based on RRC parameters) if any possible overlapping CG2 UL transmissions can be triggered by PDCCH(s) after T0-T_offset, and if such overlapping CG2 UL transmissions are possible, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1;
· Otherwise, P_limit_CG1 is not applied and UE transmit power for the CG1 UL transmission can be up to ‘full power’ allowed by RAN4 requirements
· T_offset can be similar to the T_proc specified in Rel15 for UCI multiplexing related UE procedures.
· If NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2 > P_limit_total, and if pwr_CG1+ pwr_CG2> P_limit_total, UE scales down transmission power of SCG transmission(s) such that UE transmission power across MCG and SCG does not exceed P_limit_total.
· Note: if NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2<= P_limit_total, the above SCG scaling behavior is not required.
· P_limit_total is the power limit for all transmissions in both CG1 and CG2 and will be defined in RAN4

Conclusions
In this document, we discuss the framework for NR-NR DC power control and propose the following.

Proposal 1

· For NR-NR DC power control where MCG and SCG are in same frequency range fast communication between MCG and SCG modules within the UE can be assumed as baseline (i.e., no need to specify a separate semi-static power sharing capability)

Proposal 2

· NR-DC power sharing follows the below framework

· UE is configured with transmit power limits P_limit_CG1 applicable to CG1 and P_limit_CG2 applicable to CG2.
· To compute the transmit power for CG1 UL transmission starting at time T0, 
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping CG2 UL transmission, and if such PDCCH(s) are detected, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1; 
· UE also checks (based on RRC parameters) if any possible overlapping CG2 UL transmissions can be triggered by PDCCH(s) after T0-T_offset, and if such overlapping CG2 UL transmissions are possible, UE limits it’s transmit power in CG1 (pwr_CG1) such that pwr_CG1 <= P_limit_CG1;
· Otherwise, P_limit_CG1 is not applied and UE transmit power for the CG1 UL transmission can be up to ‘full power’ allowed by RAN4 requirements
· T_offset can be similar to the T_proc specified in Rel15 for UCI multiplexing related UE procedures.
· If NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2 > P_limit_total, and if pwr_CG1+ pwr_CG2> P_limit_total, UE scales down transmission power of SCG transmission(s) such that UE transmission power across MCG and SCG does not exceed P_limit_total.
· Note: if NW configures P_limit_CG1 and P_limit_CG2 such that P_limit_CG1+P_limit_CG2<= P_limit_total, the above SCG scaling behavior is not required.
· P_limit_total is the power limit for all transmissions in both CG1 and CG2 and will be defined in RAN4
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