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Introduction
LTE-NR dual connectivity is the key feature to enable the non-standalone NR operations. One key issue is how to share UL power for LTE-NR dual connectivity in the power-limited scenarios. Various kinds of power sharing mechanisms were discussed and some agreements were achieved during the last two RAN1 meetings [1][2]. Based on the agreement, an LS is sent to RAN4 and RAN2 [3].
	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)

Agreements:
· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz
· FFS: power sharing mechanism
· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 
· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4
· Send back a LS to RAN4 with the above statements – Ryosuke (DCM)

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 this contribution, we will discuss some remaining issues, especially whether or not to support dynamic power sharing between LTE and NR.

Discussion
In RAN1#90 meeting, for the case when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, an UE-implementation-based solution was agreed for the power sharing for LTE-NR NSA dual connectivity. 
As for the case where UE is configured with LTE sTTI/reduced UE processing time based operation, the timing is more challenging for UE’s capability. Therefore, there will be no sufficient gap for the LTE and NR modem to exchange information if the LTE and NR modem are at the separated chipset, which is the mainstream in the early NR market.   Thus we have the following proposals:
Proposal 1: For the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE, only semi-static power sharing between LTE and NR is supported for LTE-NR dual connectivity in Rel-15. 

There is another 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
This case is focusing the case where NR can borrow additional transmit power from that allocated for LTE if there are no LTE transmission. However, based the agreements we have already achieved, NW has the flexibility to configure P_NR = P_cmax. In this configuration, UE can decide how to allocate the actual transmit power for NR transmission according to the presence of LTE transmission based on its implementation. If knowing some power will not be used in a given time, a smart UE is natural to allocate this part of power for NR transmission. Thus it can be left to UE’s implementation. 
Based on the above discussion, NW can choose different configurations for the different preference on the power allocation/sharing according to its policy. If NW configures P_NR < P_cmax, it is not expected to dynamically borrow transmit power for NR transmission. Otherwise NW will configures P_NR = P_cmax. 
Observation 1: The achieved agreement in RAN1#90 is sufficient and no additional scheme is needed for the following FFS case 
· 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

Power headroom reporting is important for the UL adaptation/scheduling, which is a common understanding.  Moreover, PHR can help NW to determine better configurations for LTE-NR Dual connectivity. The mechanism approved in RAN1#90 meeting for the power sharing of LTE-NR dual connectivity heavily depends on UE’s implementation. As a result, the above-mentioned mechanism will lead to more challenge for UE. As a complementary approach to help UE and improve the power sharing of LTE-NR DC, NW can configure and reconfigure different parameters to reduce the probability of  one channel touches its corresponding maximum transmit power or UE touches its maximum transmit power. Some examples are as follows:
· For scenarios where NR and LTE are collocated, NW can configure more transmit power for NR to achieve a high UL date rate, whereas the LTE UL with less transmit power can also ensure a good coverage. As UE is moving to cell edge, NW can reconfigure more transmit power for LTE to ensure a satisfying coverage. At the cell edge, NW may configure UE with only LTE (deactivate DC) for service continuity. NW relies on the power headroom reporting of UE to know the situation and then make the decision of configuration / reconfiguration.
· NW can configure UE that P_LTE = P_cmax  and  P_NR  =  P_cmax. When UE is in the cell center, the total transmit power of simultaneous NR UL and LTE UL will less than P_cmax. As UE is moving to cell edge, larger transmit power will be used due to the larger pathloss and UE may touch its maximum transmit power. NW can be aware of the situation of UE based on power headroom reporting from UE. Then NW can configure UE to use LTE UL and NR UL in a TDM manner so that UE avoids the simultaneous transmission on both LTE UL and NR UL. In this case, UE don’t need to deal with the issue how to smartly allocate power between LTE and NR.  
Based on the above discussions, power headroom reporting for each UL (i.e., LTE UL and NR UL) is an enabler to improve the UL transmission. Thus we have the following proposals:

Proposal 2: For a UE configured with LTE-NR dual connectivity, NR supports the following power headroom reporting (PHR) mechanism
· PHR based on LTE UL transmitted via LTE UL 
· PHR based on NR UL transmitted via NR UL

If NW uses PHR(s) to assist the configuration of DC, NW needs to know both the PHR based on LTE UL and PHR based on NR UL. In this case, the PHRs should be shared between NR and LTE, which may be done via X2 when NR and LTE are not collocated. One way to avoid the exchange of PHRs via X2 is that UE reports multiple PHRs based on different ULs to NR or LTE. For LTE-NR NSA operations, it is natural to report both PHR to LTE since LTE is the anchor carrier. In order to relax the tight coordination between LTE and NR modem, the transmission frequency of PHR based on NR UL via LTE UL can be reduced. Thus we have the following proposals:
 
Proposal 3: At least for LTE-NR NSA operations, NR supports both PHR based on LTE UL and PHR based on NR UL transmitted via LTE UL

There are not always UL transmissions on both LTE UL and NR UL. For example, LTE network has heavy UL load and will offload some services to NR. In this case, NW may configure UE to transmit services only on NR UL and transmit very little data on LTE UL to keep the connectivity of anchor carrier. As a result, there will be few chances that PHR is calculated based on LTE UL transmission. To address the problem, we can introduce the virtual PHR with real UL transmission. Thus we have the following proposal:

Proposal 4: For a UE configured with LTE-NR dual connectivity, NR supports the following types of power headroom reporting (PHR)
· Real PHR based on real UL transmission 
· Virtual PHR without real UL transmission

Conclusions
In this contribution, we discuss some remaining issues of the power sharing for LTE-NR dual connectivity. Based on the above discussions, we have the following observations and proposals:
Observation 1: The achieved agreement in RAN1#90 is sufficient and no additional scheme is needed for the following FFS case 
· 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
Proposal 1: For the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE, only semi-static power sharing between LTE and NR is supported for LTE-NR dual connectivity in Rel-15. 
Proposal 2: For a UE configured with LTE-NR dual connectivity, NR supports the following power headroom reporting (PHR) mechanism
· PHR based on LTE UL transmitted via LTE UL 
· PHR based on NR UL transmitted via NR UL
Proposal 3: At least for LTE-NR NSA operations, NR supports both PHR based on LTE UL and PHR based on NR UL transmitted via LTE UL
Proposal 4: For a UE configured with LTE-NR dual connectivity, NR supports the following types of power headroom reporting (PHR)
· Real PHR based on real UL transmission 
· Virtual PHR without real UL transmission
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