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Introduction
During NR SI, it was concluded that power sharing mechanism between LTE and NR should be specified to meet SAR requirement similarly to UL Carrier Aggregation (CA) or UL Dual Connectivity (DuaC). Feasibility of power sharing between different RATs is to be further investigated in terms of RAN1/2 specification and implementation, as well as other methods such as simply defining independent maximum power for LTE and NR by leaving the compliance with the Specific Absorption Rate (SAR) to implementation [1].
In a LS to RAN4, RAN2 asked if there is an uplink transmission power sharing between the below 6 GHz and above 6 GHz band. RAN1 provided answer for RAN4 in a response LS [2].
In some NSA scenarios, e.g. when both LTE and NR are in below 6 GHz, uplink transmission power sharing should be considered to meet SAR requirement in a same principle as UL CA/DC, but RAN4 is not sure whether power sharing between different RATs is feasible from RAN1/2 and implementation point of view and can't exclude other methods. One possible way is to simply define independent maximum power for LTE and NR and compliance with the SAR is left to implementation. However, this could require SAR back-off which cannot be controlled by the NW. Therefore, RAN4 would like to ask RAN1 and RAN2 to study the feasibility of the power sharing mechanism as soon as possible.
This contribution considers uplink transmission power mechanisms for Non-Standalone (NSA) NR and makes proposals aiming to minimize impact on specification and implementation in release 15.

UL Transmission Power Sharing between LTE and NR
LTE-NR dual connectivity may support simultaneous UL transmission on LTE Master Cell Group (MCG) and NR Secondary Cell Group (SCG). UL power sharing mechanisms to ensure transmission by LTE MCG and NR SCG can proceed without exceeding the maximum allowed transmission power will need to be specified. 
Rel-12 LTE dual connectivity specified UL transmission power sharing with UL control mode 1 and UL control mode 2 for synchronous and asynchronous dual connectivity respectively. The maximum transmission timing difference is < 33us for synchronous dual connectivity and < 500 us for asynchronous dual connectivity (TS 36.133 section 7.15.2).
· In UL power control Mode 1, the UE reserves the minimum guaranteed power for MCG and SCG as configured by RRC layer. The UE makes remaining power available dynamically to MCG and SCG according to a priority order based on UCI type.
· In UL power control Mode 2, the UE reserves the minimum guaranteed power as in Mode 1. The UE makes remaining power available dynamically to MCG and SCG whichever transmits first.
It can be observed above that the semi-statically configured minimum guaranteed UL transmission power for MCG and SCG is common to UL power control Mode 1 and Mode 2. The semi-static transmission power configuration is independent from the synchronization assumption between MCG and SCG. It is also independent from different TTI / sTTI lengths and numerologies between LTE and NR. This is the simplest UL power sharing mechanism that can be applied to LTE-NR DuaC with minimum impact on NR specifications. LTE and NR transmission power can be up to 23dBm. UE total power output compliance with SAR requirements are left to UE implementation. 
As was discussed in release 12 DuaC feature [3], relying entirely on higher layer for MCS and CSG transmission power configuration may suffer from coverage or throughput performance degradation. This is due to loss of power separation as illustrated in Figure 1. As an example, the transmission power for MCG and SCG is semi-statically split – i.e. 50%. Spare UL transmission power in MCG cannot not be used for SCG, and vice versa.  The guaranteed UL transmission power in MCG and SCG may depend on type of traffic – i.e. 
· Priority traffic with NR URLLC: gNB configures UE to allocate 100% transmission power for NR URLLC on single carrier on NR SCG. The UE autonomously stops all transmissions on LTE MCG. Impact on LTE MCG should be carefully evaluated to prevent dropping of LTE UCI (HARQ ACK) to avoid radio link failure. 
· High-data rate traffic with NR eMBB: gNB configures UE to allocate e.g. 80% transmission power for NR eMBB on SCG, and 20% for LTE on MCG. Impact on LTE MCG should be carefully evaluated to ensure LTE PCell in MCG can act at least as LTE anchor for control plane signalling in NSA NR.     
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[bookmark: _Ref481671177]Figure 1: Semi-static power configuration for MCG and SCG

Observation 1:  The guaranteed UL transmission power for NR and LTE cell groups configured by higher layer may be traffic dependent. 
Observation 2:  The guaranteed UL transmission power configuration for LTE MCG should allow sufficient coverage of LTE MCG PCell to serve as LTE anchor for control plane signalling in NSA NR eMBB. 
Observation 3:  The guaranteed UL transmission power configuration for NR URLLC should avoid significant impact on Radio Link Failure in LTE MCG. 

Proposal 1:  Support UL guaranteed transmission power for NR and LTE cell group based on dual connectivity.

Further optimization could be considered to provide solutions in power-limited scenarios in traffic-dependent NSA NR scenarios as observed above. The main issues for solutions based on UL power control Mode 1 and Mode 2 in release 12 Dual connectivity as illustrated in Figure 2 are 
(i) Different TTI lengths and numerologies used in LTE and NR 
(ii) Different power control latency between LTE and NR.

Consider as an example, NR sTTI = 0.125 ms with synchronous dual connectivity and UL power control Mode 1. The UE will first need to detect and parse the NR DCI carrying UL grant for associated UL sTTI to know which minislot (s) may transmit NR-PUSCH within a longer TTI=1 ms. The UE will also need to determine which minislot(s) may transmit UCI on NR-PUCCH, as well as NR-PRACH and NR-SRS.  The UE may proceed to autonomously share the remaining power between LTE MCG and NR SCG with priorities based on UCI. Support of Mode 1 in release 15 may depend on specification progress on NR physical layer design,  synchronisation requirements and UL transmission requirements for LTE-NR dual connectivity (Note 1).
Further consider as an example, NR sTTI = 0.125 ms with asynchronous dual connectivity and UL power control Mode 2. The UE will also need to know all the minislot transmissions within a longer TTI=1 ms before it can autonomously share the remaining power between MCG and SCG based on whichever cell group transmits first.  Impact on specification and early implementation schedule of release 15 NR is likely to be relatively smaller than with UL power control Mode 1, but could still be significant.

Observation 3:  LTE-NR power sharing based on DuaC UL power control mode 1 in is not preferred considering impact on specifications and implementation. 
. 
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Figure 2: Synchronous and asynchronous LTE-NR Dual Connectivity in NSA NR

Proposal 2:  At least support of LTE-NR power sharing based on DuaC UL power control mode 2 solution can be considered with details FFS.

In the examples above, we assumed different TTI lengths with NR sTTI=0.125 ms and LTE TTI = 1ms. The remaining UL transmission power for LTE MCG and NR SCG could be allocated based on NR sTTI or LTE TTI. If based on NR sTTI, the UL transmission power in LTE MCG  may change several times within LTE TTI = 1 ms. This may not be compatible with LTE closed-loop power control. Further, it may complicate specification of transmission power requirements with different TTI lengths and numerologies in RAN4.  In case of different TTI length in LTE MCG and NR SCG, it is preferable to allocate the remaining UL transmission power for LTE MCG and NR SCG based on the longest TTI length. 
Proposal 3:  In case of different TTI length in LTE MCG and NR SCG, the remaining power for LTE MCG and NR SCG is allocated based on the longest TTI length

Note 1
[bookmark: _GoBack]The minimum timing between NR DCI carrying UL grant and corresponding NR PUSCH is not yet specified in RAN1. The transmission and reception time requirements for synchronous LTE-NR dual connectivity and UL transmission requirements are not known and will need to be further discussed and specified in RAN4. There are many aspects of NR physical channel design and NR physical layer procedures being specified. Further, completion of the release-15 LTE sTTI and processing feature core specification has been pushed back to December 2017. It seems unlikely that specification of UL transmission power sharing mechanisms can be completed within release 15. Impact on specification and early implementation schedule of release 15 NR is likely to be significant.

Conclusion
In this contribution, we discussed UL transmission power sharing mechanisms for NSA NR. The following observations and proposals were made.

Observation 1:  The guaranteed UL transmission power for NR and LTE cell groups configured by higher layer may be traffic dependent. 
Observation 2:  The guaranteed UL transmission power configuration for LTE MCG should allow sufficient coverage of LTE MCG PCell to serve as LTE anchor for control plane signalling in NSA NR eMBB. 
Observation 3:  The guaranteed UL transmission power configuration for NR URLLC should avoid significant impact on Radio Link Failure in LTE MCG. 
Proposal 1:  Support UL guaranteed transmission power for NR and LTE cell group based on dual connectivity.
Proposal 2:  At least support of LTE-NR power sharing based on DuaC UL power control mode 2 solution can be considered with details FFS.
Proposal 3:  In case of different TTI length in LTE MCG and NR SCG, the remaining power for LTE MCG and NR SCG is allocated based on the longest TTI length
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