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Introduction
In [1], there specifies RAN1 targets for realizing option 4:
	Further details for each WG are shown in below
· RAN1
· Option 4:
· Evaluate whether new design on power control, multiplexing, etc. for both LTE & NR specs
· Strive for minimum RAN1 specification impact
· Some (limited) RAN1 meeting time is expected



In this contribution, we will show a NR-LTE multi-mode UE can readily achieve current specification with MCG being NR and SCG being LTE under a proper timing condition. In this way, the specification change for NE-DC power sharing can be minimized to one additional sentence: “For NE-DC power sharing, UE doesn’t expect NR grant arrives after N2 NR symbols prior to the start of the first overlapping LTE UL”, which corresponds to the minimum specification impact targeted.

Considerations for NR-LTE Multi-Mode UE
Feasibility of Adjusting LTE Power with Legacy LTE Design
In a NR-LTE multi-mode UE, a shared RF system is a common practice for being cost and power-consumption competitive. In [2], 1-PA architecture is considered by major UE vendors, which shows the commonality of a shared RF system in NR-LTE UEs. 
In a NR-LTE UE with shared RF system, as shown in Fig. 1, assume LTE part of UL processing follows legacy design. For adjusting LTE power w.r.t. NR grant, it only requires NR baseband to revise LTE Pcmax setting along its configuration to the shared RF. In this way, there is no impact to legacy LTE processing. 
Observation 1: In a typical NR-LTE UE with shared RF system, NR baseband can help to revise Pcmax setting for LTE so that there is no change in legacy LTE UL processing for NE-DC dynamic power sharing.
[image: ]
[bookmark: _GoBack]Fig. 1: A typical NR-LTE multi-mode UE with shared RF system
Timing Condition for NE-DC Power Sharing
To avoid changing legacy LTE UL processing, it is necessary to consider a timing condition to enable the assistance of NR baseband. Regarding there is parallel NR PUSCH preparation, it is reasonable to require at least N2 NR symbols from NR grant to the start of the first overlapping LTE UL, as illustrated in Fig. 2. We therefore have the following proposal:
Proposal 1: To enable the assistance of NR baseband, there should be at least N2 NR symbols from the end of the last symbol of NR PDCCH carrying NR UL grant to the start of the first overlapping LTE UL.
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Fig. 2: Timing requirement between NR grant and LTE UL start to enable the assistance of NR baseband

PHR Consideration
A concern on adjusting LTE power per NR grant is that LTE PHR cannot reflect the Pcmax change due to late NR grant arrival time. While PHR is used to capture a long-term power tendency as a reference for eNodeB to schedule UL data for the UE, it is noticed that short-term fading can bias the real link condition. Therefore, HARQ is commonly applied to UL data for link robustness. Analogously, the impact of LTE power adjustment per NR grant can also be managed with HARQ. In particular, one can have: 
Observation 2: To address the concern LTE PHR cannot reflect the Pcmax change due to late NR grant, HARQ and a similar strategy as outer-loop link adaptation on UE CSI reporting can be utilized. For the case power adjustment is infrequent, the power back-off can be treated as short-term fading and recovered via HARQ retransmissions. If the power adjustment is frequent, eNodeB can offset UE PHR and adjust the data MCS so as to keep a targeted BLER. 
It is also noticed that the LTE PHR carried in NR PHR will reflect the Pcmax change due to the NR grant. For the setup where eNodeB and gNodeB can communicate, gNodeB can share (part of) LTE PHR information and assist eNodeB to manage the PHR difference from the UE.

Suggestion on specification
By the above investigation, the following proposal is suggested to minimize the specification change for NE-DC power sharing:
Proposal 2: For NE-DC power sharing, there is no specification change in 38.213 expect one note of UE exception handling, i.e., “UE doesn’t expect NR grant arrives after  NR symbols prior to the start of the first overlapping LTE UL”, where  and can be specified as  or via UE capability reporting.

Conclusion
In this contribution, we investigate the problem how UE can adjust LTE power w.r.t. a late NR grants. In particular, we have:
Observation 1: In a typical NR-LTE UE with shared RF system, NR baseband can help to revise Pcmax setting for LTE so that there is no change in legacy LTE UL processing for NE-DC dynamic power sharing.
Proposal 1: To enable the assistance of NR baseband, there should be at least N2 NR symbols from the end of the last symbol of NR PDCCH carrying NR UL grant to the start of the first overlapping LTE UL.
Observation 2: To address the concern LTE PHR cannot reflect the Pcmax change due to late NR grant, HARQ and a similar strategy as outer-loop link adaptation on UE CSI reporting can be utilized. For the case power adjustment is infrequent, the power back-off can be treated as short-term fading and recovered via HARQ retransmissions. If the power adjustment is frequent, eNodeB can offset UE PHR and adjust the data MCS so as to keep a targeted BLER. 
Proposal 2: For NE-DC power sharing, there is no specification change in 38.213 expect one note of UE exception handling, i.e., “UE doesn’t expect NR grant arrives after  NR symbols prior to the start of the first overlapping LTE UL”, where  and can be specified as  or via UE capability reporting.
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