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1 Introduction

During RAN Plenary #79, a plan for finalizing all NR architecture options was endorsed in RP-180554 [1]. It includes support for EN-DC Option 4/4a (i.e., NE-DC) as part of the late drop for R15, where NR is the MN and LTE is the SN.
During RAN1#92bis, uplink power control for NE-DC was discussed offline [2]. The discussion included whether or not to support dynamic power sharing for NE-DC (i.e., NR as MN, LTE as SN), and whether or not to introduce the definition of “synchronous/asynchronous” dual connectivity similar as for LTE.

This contribution further discusses uplink power control for EN-DC Option 4/4A (NE-DC).
2 Uplink Power Control for EN-DC Option 4/4A
Similar as for LTE, PCMAX for NR represents a limit similar to the configured maximum UE output power. Still similar as for LTE, there is thus a possibility that the sum of the required transmit power for uplink transmissions that at least partly overlap in time would exceed PCMAX.

With dual connectivity, there is a separate MAC instance for each cell group (CG). Scheduling and power control is thus performed independently for each CG. Loosely coordinated or uncoordinated scheduling may then lead to situations where the sum of the required power for all transmissions may exceed regulatory requirements. In such case, the UE must also scale the transmit power accordingly. Regulatory requirements above 6GHz are yet to be defined.
For power allocation for EN-DC, RAN1 has agreed to support dynamic power sharing whereby RRC configures P_LTE and P_NR, whereby the UE reduces NR transmission power or drops the NR transmission if the total power for LTE and NR exceeds the maximum UE available power. One motivation for the agreement was to avoid any modifications to the LTE power control procedure. Thus the above agreement ensures that LTE implementations do not have to make time-critical modifications to the power allocation for LTE transmissions before the start of a transmission in excess of LTE implementation processing time capabilities, or to change the power level of an ongoing LTE transmission.

For power allocation for NE-DC, it is desirable that such additional requirements in terms of UE processing be avoided.

Observation 1:
Similar as for LTE and for EN-DC with LTE as the MN, the UE processing time required to determine the amount of power available to a LTE transmission should be no less than for LTE DC for NE-DC e.g., it should not be a function of the NR grant to transmission processing time.

Observation 2:
Similar as for LTE and for EN-DC with LTE as the MN, the UE implementation should not be mandated to change the allocated power to an ongoing uplink transmission of the LTE CG.
For the control plane of NE-DC, RAN2 has yet to discuss whether or not to support SRB3. SRB3 is supported for EN-DC and enables a direct RRC path between the LTE SN to the UE. Contrary to EN-DC, support for SRB3 may be less compelling because of higher expected latencies for the LTE SCG typically operating a lower numerologies and because of the expected impact to 3GPP TS36.331 in terms of specification efforts for the R15 timeframe.

Observation 3:
Control plane signalling using MCG transmissions should remain of higher priority for NE-DC.
It is noteworthy that power allocation for LTE DC and for EN-DC with LTE as MN always ensures that transmissions that carry RRC signaling for SRB0, 1 and 2 are always prioritized before any transmissions of the SCG.
Observation 4:
Means to prioritize MCG uplink transmissions at least for RRC signalling are needed to maintain control latency and reliability at least on par with stand-alone NR for e.g., RRM, mobility control.

Observation 5:
Similar as for EN-DC with LTE as the MN, it should be possible to prioritize power allocation to uplink transmissions of the MCG at least for RRC signalling using SRB0, 1, 2 with NE-DC.
During RAN1#92bis, UL PC for NE-DC was discussed offline [2]. The following was proposed for NE-DC:

1) Support Dynamic Power Sharing similar to EN-DC:
a. Configure P_LTE, P_NR;

b. When power limited, scale/drop LTE (SCG transmissions) left to UE implementation;

2) Define Synchronous DC: in this case, if P_LTE+P_NR > P_total then UE behavior is per TS38.213;
3) Define Asynchronous DC: in this case, the UE may not be configured with P_LTE+P_NR > P_total.

However, the UE processing time for grant reception to transmission is much shorter for NR than for LTE.

Observation 6:
Absolute prioritization of NR MCG transmissions for NE-DC leads to excessively stringent UE processing time for UE implementations to scale / drop LTE transmissions, e.g. possibly less than 1ms and down to only a few symbols at worst.
Semi-static split was also mentioned as a possibility, mainly for UEs not supporting dynamic power sharing.

Observation 7:
Semi-static power split for NE-DC leads to inefficient use of the total UE available power which adversely impact uplink coverage in both CGs.
Other approaches are also possible, such as allocating power by:
a) Prioritization of the CG with a transmission that occurs first in time;
Given that for overlapping transmissions the NR scheduling information may arrive using a time scale that exceeds the UE’s LTE processing capability, this may introduce unacceptable UE processing requirements. 

b) Prioritization of the CG with a transmission which scheduling information was available first in time;

Given that for overlapping transmissions the LTE scheduling information would typically always come first, this may lead to power starvation for the NR MCG transmissions and consequently may impair control plane operation. 

c) Prioritization of transmissions which scheduling was received within a window of time for scheduling information received no later than x units of time (unit FFS) according to some specified rules.
This approach may enable some flexibility in terms of configuration such that UE’s of different processing time capability could have means to perform more accurate power allocation. However, the UE implementation would remain limited by the processing time of its LTE implementation.

d) Support guaranteed power level per CG, extended with dynamic level adaptation under MCG control;

This approach is similar to the powr reservation of LTE DC PCM2, and ensures that each CG always have a minimum amount of power available for uplink transmissions as a configured fraction of PCMAX. Dynamic adaptation of the guaranteed power levels per CG as proposed in R1-1802574 [4] may provide additional control to the NR MCG to recover from possible uplink power starvation due to intense SCG scheduling when detected power levels for uplink transmissions from the UE are insufficient for proper (e.g., control plane) operation.

Proposal 1:
NE-DC supports configuration of minimum guaranteed power levels per CG, similar to LTE DC PCM2.

Proposal 2:
NE-DC supports dynamic adaptation of guaranteed power levels per CG.
3 Conclusion
This contribution discusses power control for NR DC. RAN1 should discuss the above and agree to the following:
Observation 1:
Similar as for LTE and for EN-DC with LTE as the MN, the UE processing time required to determine the amount of power available to a LTE transmission should be no less than for LTE DC for NE-DC e.g., it should not be a function of the NR grant to transmission processing time.

Observation 2:
Similar as for LTE and for EN-DC with LTE as the MN, the UE implementation should not be mandated to change the allocated power to an ongoing uplink transmission of the LTE CG.
Observation 3:
Control plane signalling using MCG transmissions should remain of higher priority for NE-DC.
Observation 4:
Means to prioritize MCG uplink transmissions at least for RRC signalling are needed to maintain control latency and reliability at least on par with stand-alone NR for e.g., RRM, mobility control.

Observation 5:
Similar as for EN-DC with LTE as the MN, it should be possible to prioritize power allocation to uplink transmissions of the MCG at least for RRC signalling using SRB0, 1, 2 with NE-DC.
Observation 6:
Absolute prioritization of NR MCG transmissions for NE-DC leads to excessively stringent UE processing time for UE implementations to scale / drop LTE transmissions, e.g. possibly less than 1ms and down to only a few symbols at worst.
Observation 7:
Semi-static power split for NE-DC leads to inefficient use of the total UE available power which adversely impact uplink coverage in both CGs.
Proposal 1:
NE-DC supports configuration of minimum guaranteed power levels per CG, similar to LTE DC PCM2.

Proposal 2:
NE-DC supports dynamic adaptation of guaranteed power levels per CG.
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