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1. Introduction

In this document we provide a TP for LTE-NR power sharing based on current agreements.  

2. Discussion
2.1. Background
In RAN1 NR AH#2, the following was agreed
Agreements:

· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR

· FFS details

· Discuss further whether or not to support dynamic power sharing between LTE and NR

· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 

In RAN1#90, based on discussions in e.g. [1], [2], [3], the following was agreed

Agreements:
· At least for LTE-NR NSA operation

· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately

· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 

· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax

· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.

· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.

· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 

· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation

· For LTE, no change in power control procedure

· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE

· The following is FFS

· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)

In RAN1#91, based on discussions in e.g. [4], [5], the following was agreed

Agreement:
For LTE/NR NSA operation,
· If this UE supports dual UL operation and also supports single UL operation with Case 1 HARQ timing, RRC signaling can configure a UE to operate in one of the following modes:

· Dual UL operation

· Single UL operation with Case 1 HARQ timing

· Single UL operation with Case 2 HARQ timing

· For UE supporting single UL operation and with Case 1 HARQ timing if UE does not support power scaling for LTE-NR DC with P_LTE+P_NR>Pcmax, UE shall support the following two operations:

· Operation A with Case1: P_LTE + P_NR > Pcmax, in which case the UE assumes that no NR UL transmission takes place in an UL subframe/slot that is designated as LTE UL in the Case 1 reference TDD configuration

· Operation B with Case1: P_LTE + P_NR <= Pcmax, in which case NR UL can be scheduled in any UL subframe/slot (while the UE behaviour in case of being simultaneously scheduled on LTE and NR uplinks is not specified) 

· The operation A vs operation B configuration is implicitly determined based on P_LTE and P_NR
· Note that the above agreement does not affect the current status on the optional/mandatory support of power scaling for LTE-NR DC with P_LTE + P_NR > Pcmax
· Note that the above agreement can become obsolete if power scaling for LTE-NR DC is mandated to all UEs

In RAN#78 the following was endorsed based on [6].

· Proposal 1
· Agree to introduce Rel-15 capability signaling to indicate whether the UE supports dynamic EN-DC power sharing
· Dynamic power sharing means that the UE can operate with P_LTE + P_NR > P_powerclass configuration 
· Agree that the intent is to make dynamic EN-DC power sharing mandatory at a future time
· Check any possible updates on status above in March
· Proposal 2
· For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5) is mandatory with capability signalling
· Single UL operation is optional for dynamic power sharing capable UEs
In RAN1 NR AH1801, the following was agreed.

Agreement:
· P_LTE and P_NR are configured separately via UE specific RRC (i.e., as dBm numbers with similar value range as p-Max in LTE)

· P_LTE and P_NR are UE-specific

· P_cmax for LTE and P_cmax for NR are derived based on P_LTE and/or P_NR (details to be decided by RAN4)

· RAN4 to define maximum total LTE and NR power in FR1 (X_total) that the UE should never exceed.

· When dynamic power sharing is used, 

· If total power for LTE and NR in FR1 exceeds X_total, UE reduces NR transmission power or drops NR transmission so that total power does not exceed X_total

· Note: As per previous agreement LTE power control procedure is not changed

In section 3, we provide a text proposal considering the above agreements.
3. Conclusions and TP
====== start Text Proposal for 38.213 ==============
7.6
Dual connectivity 
7.6.1      Dual connectivity with LTE radio access

When a UE is configured with a MCG using LTE radio access and SCG using NR radio access, 

If the UE does not indicate support for <dynamic power sharing>, 

· and if the UE is configured with <case 1 suo-duo-mode>, 

· and if P’_LTE+P’_NR > X’_total, 

· Then the UE is not expected to transmit any NR physical channels or signals in a slot on the SCG for which a corresponding subframe on the MCG is configured as an UL subframe in the reference TDD configuration as described in <subclause x.x [13, TS36.213]> 

If the UE indicates support for <dynamic power sharing>, 

· and if UE NR transmission(s) overlap with LTE transmission(s), 

· and if the total LTE and NR transmission power of the UE would exceed X’_total,  

· Then the UE shall reduce the power of NR transmission(s) or drop the NR transmission(s) such that the total LTE and NR transmission power of the UE does not exceed X’_total during the overlapped portion.

where, P’_LTE is the linear value of higher layer parameter p_LTE as described in <subcaluse x.x of [36.331]>, P’_NR is the linear value of higher layer parameter p_NR, and X’_total is the linear value of maximum total LTE and NR power as defined in [8, TS 38.101]. 

If a UE is configured with a MCG using LTE radio access and with a SCG using NR radio access, the UE is configured by higher layer parameter p-MCG a fraction 
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If a UE is provided a higher layer parameter suo-duo-mode that is set to case1 and if 
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, the UE does not transmit in a slot on the SCG for which a corresponding subframe on the MCG includes UL symbols. If a UE is configured a higher layer parameter suo-duo-mode that is set to dual, denoting by
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 the linear values of the total UE transmit power that the UE calculates according to [13, TS 36.213] for the MCG and according to Subclauses 7.1 through 7.5 for transmissions on the MCG and on the SCG, respectively, and if the UE is not configured for operation with shortened TTI and processing time on the MCG [13, TS 36.213], the UE sets 
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====== end Text Proposal for 38.213 ==============
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5. Annex A - P_LTE and P_NR 
Below we give an example to explain the issue with P_LTE, P_NR definition used in current 38.213 in more detail (Note - similar issue exists even when other values are chosen for P_LTE and P_NR, e.g. P_LTE=21dBm; P_NR=23dBm)

Example
Say, UE power class is 23dBm and NW wants to operate with maximum allowed power for LTE and NR such that P_LTE=20dBm and P_NR=20dBm respectively. When P_cmax  = 23dBm this can be achieved in one of the following two ways 
· According to direct approach (i.e., P_LTE and P_NR are set separately as per RAN1#90 agreement) -  NW sets P_LTE=20dBm and P_NR=20dBm via UE-specific RRC. 

· According to fractional approach (i.e., text in current 38.213 version) - the above can be achieved by a configuration where NW sets gamma_MCG=1/2 and gamma_SCG=1/2, and then, P_LTE=23dBm(P_cmax)-3dB=20dBm; P_NR=23dBm(P_cmax)-3dB=20dBm. 

However, the two approaches differ on how P_LTE and P_NR are impacted when there is a change in P_cmax. Say, P_cmax changes, e.g.  it goes down by e.g. 3dB to P_cmax =20dBm due to A-MPR/MPR or other backoffs. Then if the NW schedules UE transmissions that require the UE to transmit at 20dBm on LTE, and 20dBm on NR, the approaches differ as follows

· According the direct approach (i.e., setting P_LTE and P_NR separately as per RAN1#90 agreement) : P_LTE=20dBm; and P_NR=20dBm; UE LTE transmission is made with 20dBm without any scaling; UE NR transmission is dropped (given the power scaling part of the RAN1#90 agreement)

· According to fractional approach (i.e., based on current 38.213 text): P_LTE = 20dBm (P_cmax)-3dB=17dBm and P_NR = 20dBm (P_cmax)-3dB=17dBm; UE LTE transmission is made with 17dBm; UE NR transmission is made with 17dBm.

The motivation of the RAN1#90 agreement is to preserve LTE connection and keep it predictable as much as possible when UE is power limited, and from above example, the fractional approach is not consistent with this framework. So, although this approach (i.e., gamma_MCG, gamma_SCG) was used for for Rel12 LTE-LTE DC, the power sharing mechanism for LTE-NR NSA operation is based on a different framework and reusing the LTE-LTE DC approach is not suitable for LTE-NR NSA operation.
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