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Introduction
5G NR supports power sharing for LTE-NR non-standalone (NSA) architecture Option 3, known as EUTRA-NR dual connectivity or EN-DC, where LTE is the master cell group (MCG) and NR is the secondary cell group (SCG). In this case, power sharing is based on a maximum configured power level for LTE (P_LTE), a maximum configured power level for NR (P_NR), and a maximum configured aggregate power level across the two RATs (P_{EN-DC, Total}), by adopting one the following methods [1, TS 38.213]:
· Semi-static power sharing: when P_LTE + P_NR ≤ P_{EN-DC, Total};
· Dynamic power sharing: when P_LTE + P_NR > P_{EN-DC, Total} AND the UE is capable of dynamic power sharing, then the power setting for LTE (which is the MCG)  is not changed, and in case of power-limitation, NR (which is the SCG) scales down power or drops the transmission; 
· Single uplink operation: when P_LTE + P_NR > P_{EN-DC, total} AND the UE is not capable of dynamic power sharing, then the UE is configured with a reference DL/UL TDD configuration (for an FDD cell): LTE can only make UL transmissions on the designated UL subframes for LTE, on which NR is not allowed to make any UL transmission. NR can only make UL transmission on the designated DL subframes for LTE. 
In this contribution, we provide our views on solutions for power sharing for LTE-NR non-standalone (NSA) architecture Option 4, known as NR-EUTRA dual connectivity or NE-DC. We also provide one clarification on the existing dynamic EN-DC power sharing (i.e., EUTRA-NR dual connectivity, or NSA architecture Option 3).
Power Sharing for NE-DC (NSA Arch. Option 4)
In NSA architecture Option 4 or NE-DC, NR is the master cell group (MCG) and LTE is the secondary cell group (SCG). Therefore, any power sharing solution for NE-DC should prioritize NR over LTE. 
Observation 1: For NE-DC power sharing, NR (which is MCG) should be prioritized over LTE (which is the SCG).
On the other hand, the main difference between power sharing for EN-DC and that for NE-DC is that, since LTE processing time is the same or slower than NR processing time, once LTE power setting is decided, LTE can no more adjust its power based on any NR grants that are received and processed later (i.e., no look-ahead). In short, power scaling for LTE to accommodate an NR transmission is not possible, unless for the special case that NR is as slow as LTE. Therefore, if one intends to follow a solution similar to EN-DC power sharing, either (i) NR processing time should be as slow as LTE, or otherwise (ii) LTE power scaling is not feasible and dropping/stopping LTE remains as the only option. The latter is in some sense similar to the operation when LTE with 1ms TTI collides with short processing or short TTI (sp/sTTI). 
Observation 2: To specify a solution for NE-DC power sharing that is similar to EN-DC power sharing requires that either NR processing time should be as slow as LTE, or otherwise LTE power scaling is not feasible and dropping/stopping LTE remains as the only option.
However, both of these options, although valid, are not favourable. Slowing down NR to the same level as LTE may not be preferable since it limits the capability that NR design provides, including achieving latency requirements considered for 5G eMBB and URLLC. In addition, a solution that frequently leads to LTE dropping/stopping transmission greatly penalizes the LTE performance and may not be favourable. 
An alternative solution for NE-DC is a power sharing scheme similar to LTE-DC power control mode 2 (PCM-2) [2, TS 36.213] which can also be considered for NR-DC power control. In particular, a minimum guaranteed power (MGP) is configured and reserved for LTE and NR. This ensures that, neither NR is forced to increase the NR processing time to be of the same order as LTE, nor LTE is frequently penalized. Instead, LTE receives at least up to an MGP level, and the remaining power is allocated to NR. 
Observation 3: A solution for NE-DC power sharing that is similar to LTE-DC PCM2  using a minimum guaranteed power (MGP) configured for LTE, avoids a frequent penalization of LTE and at the same time allows NR to retain its generally faster processing time.
Proposal 1: NE-DC power sharing configures the UE with a minimum guaranteed power (MGP) for LTE and NR and follows similar methods and principles as in LTE-DC PCM2. 
Note that, for EN-DC, no MGP was adopted for NR, since LTE was considered to always have a higher priority and should have minimal impact to LTE specification with implementation specific design to reserve power for NR. (RAN1#90 agreement noted that “The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation” [3].) However, for NE-DC, it is indeed valid to assume that NR is aware of the LTE presence (e.g., due to the generally faster processing time of NR) and so can reserve some configured MGP for LTE operation. If NR is aware that there is no overlapping LTE transmission, NR does not need to reserve power for LTE SCG. If LTE is aware that there is no overlapping NR MCG transmission without look-ahead (e.g., based on semi-static information of NR slot configuration, knowledge of NR processing time is same order as LTE), LTE SCG can be allocated power more than the configured MGP (up to a maximum configured power level for LTE).  
The MGP for LTE in NE-DC operation, similar to LTE-DC PCM2 definitions, can be an RRC configured fraction (γ_LTE) of the dual-connectivity Pcmax for NE-DC. If LTE has no knowledge of whether a NR transmission will overlap (e.g., due to faster processing time of NR and later scheduling of NR-PDSCH), γ_LTE is the fraction of the Pcmax for the LTE SCG. Since NR is at least as fast as LTE, it should be possible to compute the dual-connectivity Pcmax for NE-DC by NR to determine and accommodate the MGP for LTE. However, an alternative approach is to configure the UE with an absolute power level (in dBm) for the MGP of LTE (say, P_{LTE,min}) to avoid any computation issues in NE-DC operation. 
Proposal 2: The MGP for LTE can be based on an RRC configured fraction (say, γ_LTE) of the NE-DC Pcmax, or LTE SCG Pcmax, or can be configured as an absolute power level (say, P_{LTE, min}).
As for an MGP for NR in NE-DC operation, a similar γ_NR or P_{NR, min} can be configured.  The MGP for NR can be set to γ_NR = 1 - γ_LTE as NR processing time is the same or faster than LTE. 
Dynamic EN-DC Power Sharing with UL Skipping
LTE-SPS operation can be configured with UL skipping, which can impact dynamic EN-DC power sharing, and the UE behavior needs to be specified. If an SPS occasion is skipped, no TB is constructed from padding bits when no UL data is available at the UE. The decision of skipping vs. transmitting for an SPS occasion maybe taken in less than 4ms prior to the SPS occasion. Depending on NR processing timeline and the value of K2 (gap between the UL grant in slot N and corresponding uplink data transmission in slot N+K2) indicated in the UL DCI, when the NR transmission power is decided for an NR transmission overlapping with the SPS occasion, the UE may not know if it’s going to skip/transmit an UL LTE SPS in the SPS occasion (as shown in Fig. 2 below). Thus, to avoid potential misalignment between gNB and UE, fixing the UE behaviour to assume the UE may assume, LTE transmissions will occur in the SPS occasions is preferred in case of dynamic power sharing and prevents UE transmit power from exceeding the maximum allowable transmit power.  
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Figure 1: Transmit/skip decision for LTE SPS with UL skipping occasion subframe i1 is made after NR transmisison power is decided for NR slot i2. 
Proposal 3: For dynamic power sharing in EN-DC, and the UE configured with higher layer parameter skipUplinkTxSPS on the MCG, UE assumes SPS transmissions are not skipped on MCG for determining the transmission power on the SCG.
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In summary, we propose the followings for NE-DC and EN-DC power sharing:
Observation 1: For NE-DC power sharing, NR (which is MCG) should be prioritize over LTE (which is the SCG).
Observation 2: To specify a solution for NE-DC power sharing similar to EN-DC power sharing, either NR processing time should be as slow as LTE, or otherwise LTE power scaling is not feasible and dropping/stopping LTE remains as the only option.
Observation 3: A solution for NE-DC power sharing that is similar to LTE-DC PCM2  using a minimum guaranteed power (MGP) configured for LTE, avoids a frequent penalization of LTE and at the same time allows NR to retain its generally faster processing speed.
Proposal 1: NE-DC power sharing configures the UE with a minimum guaranteed power (MGP) for LTE and NR and follows similar methods and principles as in LTE-DC PCM2. 
Proposal 2: The MGP for LTE can be based on an RRC configured fraction (say, γ_LTE) of the NE-DC Pcmax, or LTE SCG Pcmax, or can be configured as an absolute power level (say, P_{LTE, min}).
Proposal 3: For dynamic power sharing in EN-DC, and the UE configured with higher layer parameter skipUplinkTxSPS on the MCG, UE assumes SPS transmissions are not skipped on MCG for determining the transmission power on the SCG.
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