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Introduction
In RAN Plenary #80, the following dual connectivity (DC) options involving NR were agreed to be supported in Rel-15 [1]:
For SA (Option 2) only:
· NR-NR Dual connectivity aspects
· synchronous mode from physical layer aspects;
· Band combination(s) for FR1 + FR2;
· MCG fully in FR1 and SCG fully in FR2
· Common radio protocols and network interfaces applicable to both synchronous and asynchronous mode of operations.

For other options:
· NR-E-UTRA DC via 5G-CN where the NR is the master (Option 4 series)
· E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Option 7 series)


To support the above, the following tasks are identified [1]:
·  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
· NR-NR Dual Connectivity
· Synchronous operation
· Minimum RAN1 impact and no HW impact
· No PUCCH-SCell

In this contribution, power control for NR-NR DC and NE-DC are discussed. Two text proposals related to other issues are provided. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Power Control for NR-NR DC
[bookmark: _Hlk521526514]For Rel-15, only NR-NR DC where one cell group is in FR1 and the other in FR2 is considered. Since UE power class and maximal output power are defined in terms of total radiated power (TRP) in FR1 and of Effective Isotropic Radiated Power (EIRP) in FR2, from 3gpp point of view the two cell groups, one in FR1 and one in FR2, don’t share power. As such, we have the following observation.

Observation 1: For NR-NR DC where one cell group is in FR1 and the other in FR2, the two cell groups perform power control independently according to sec. 7 of 36.213. 

Power Control for NE-DC
For power sharing between NR and LTE where NR is the master (Option 4), it’s important to note the following:
· Higher priority should be given to NR transmissions. In addition, some form of time resource and/or transmit power reservation is desirable to ensure LTE connectivity.
· Faster timeline is often expected in NR and reducing LTE transmission power based on a NR UL grant may not be always feasible.

Below, we first consider extending power control mechanisms for EN-DC for the purpose of NE-DC. 

Since LTE and NR UL transmissions are guaranteed to be non-overlapping in semi-static power control for EN-DC, it can be directly applied for NE-DC. 

Proposal 1: For NE-DC, support single uplink transmission via reference TDD configuration for LTE. 
· A UE that is not capable of dynamic power control and is configured with reference TDD configuration for LTE is not expected to transmit in a slot on the MCG overlapping with any reserved LTE subframes. 

The dynamic power control mechanism defined for EN-DC can also be extended for NE-DC with higher priority given to NR. That is, UE is expected to reduce the power of an LTE transmission when the aggregated power exceeds the limit. It’s unclear, however, if a UE is capable of doing so without additional limitation on NR scheduling delay. To ensure UE’s capability of reducing LTE transmission power in response to an NR grant, additional scheduling delay limitation is required. One way is to allow UE to signal the minimal K1 and K2 beyond which that UE can change LTE transmission power; another way is to specify larger minimal K1 and K2 values. 

Proposal 2: For NE-DC, support the following dynamic power control:
· If the aggregated power is greater than p_total in any portion of a slot on the MCG, the UE is expected to reduce the transmission power of any portions of overlapping transmissions on the SCG such that the total transmit power does not exceed p_total.
· FFS how to handle additional scheduling delay limits on NR.

The dynamic power control mechanism in proposal 2 does not guarantee LTE connectivity unless the two NBs can coordinate in scheduling. In addition, it may negatively impact NR scheduling latency. To ensure LTE connectivity with un-coordinated NBs, certain power can be reserved for LTE. Since fast processing capability is expected for NR, LTE transmit power should be determined first and then NR transmit power.  It’s therefore sensible to limit LTE transmit power if there is any potential of collision with NR and allow NR to take all the remaining power. The details of such a power control mechanism are described in the following proposal.

Proposal 3: For NE-DC, support the following dynamic power control:
· UE is configured with p_LTE  for LTE,  r(<=1), and  with p_NR for NR
· For an LTE subframe that overlaps with any valid NR UL symbol(s), set LTE power limit Pcmax=p_LTE*r; otherwise, set power LTE limit Pcmax=p_LTE.
· A valid NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common/dedicated.
· FFS dynamic SFI based on DCI format 2_0
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.

LTE power setting with and without potential collision with NR is depicted in the the following figure.

[image: ]
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Figure 1 LTE power setting with and without potential of overlapped NR transmissions.

The above scheme requires no NR scheduling limitation and no co-ordination between NR and LTE NBs. Since the above three mechanisms are intended for different UE and network implementation scenarios, all three mechanisms are to be supported.

Miscellaneous Text Proposal for 38.213
In sec.7.2.1 of [2], some typos are corrected as below.

----------------------------------------------------Start of TP----------------------------------------------------------------------------------
    7.2.1  UE Behaviour
                 --------------------Unchanged text omitted----------------------------------------



[bookmark: _GoBack] is the current PUCCH power control adjustment state and  is the first value after reset

-	If  value is provided by higher layers, 
--------------------Unchanged text omitted----------------------------------------
----------------------------------------------------End of TP----------------------------------------------------------------------------------


In sec. 7.7.1, changes are proposed according to the following working assumption [2]. 
Working Assumption
For CA, when calculating the PHR of a cell based on a real transmission, transmissions whose DCI come after the first DCI after PHR trigger are ignored.

----------------------------------------------------Start of TP----------------------------------------------------------------------------------

7.7.1 Type 1 PH Report
                 --------------------Unchanged text omitted----------------------------------------

If a UE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type 1 power headroom report in a first PUSCH transmission that includes an initial transmission of transport block on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], a second PUSCH transmission on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] that overlaps with the first PUSCH transmission if 
-	the second PUSCH transmission is in response to detection of a DCI format 0_0 or a DCI format 0_1 in a PDCCH received in a second PDCCH monitoring occasion, and  
-	the second PDCCH monitoring occasion is after a first PDCCH monitoring occasion where the UE detects a first DCI format 0_0 or DCI format 0_1 scheduling the first PUSCH transmission the second PDCCH monitoring occasion is later than  the PDCCH monitoring occasion where the UE detects the first DCI format 0_0 or DCI format 0_1 scheduling an initial transmission of a transport block, as determined by the new data indicator field in DCI format 0_0 or DCI format 0_1, since a power headroom report was triggered.

--------------------Unchanged text omitted----------------------------------------

----------------------------------------------------End of TP----------------------------------------------------------------------------------


Conclusions
We have discussed power control for NR-NR DC and for NE-DC.  
For NR-DC where one CG is in FR1 and the other in FR2, we have the following observation
Observation 1: For NR-NR DC where one cell group is in FR1 and the other in FR2, the two cell groups perform power control independently according to sec. 7 of 36.213. 

For NE-DC, we proposed three power control mechanisms:
Proposal 1: For NE-DC, support single uplink transmission via reference TDD configuration for LTE. 
· A UE that is not capable of dynamic power control and is configured with reference TDD configuration for LTE is not expected to transmit in a slot on the MCG overlapping with any reserved LTE subframes. 

Proposal 2: For NE-DC, support the following dynamic power control:
· If the aggregated power is greater than p_total in any portion of a slot on the MCG, the UE is expected to reduce the transmission power of any portions of overlapping transmissions on the SCG such that the total transmit power does not exceed p_total.
· FFS how to handle additional scheduling delay limits on NR.

Proposal 3: For NE-DC, support the following dynamic power control:
· UE is configured with p_LTE and r(<=1) for LTE and  with p_NR for NR
· For an LTE subframe that overlaps with any valid NR UL symbol(s), set LTE power limit Pcmax=p_LTE*r; otherwise, set power LTE limit Pcmax=p_LTE.
· A valid NR UL symbol is identified as an NR symbol configured with flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common/dedicated.
· FFS dynamic SFI based on DCI format 2_0
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.

Text proposals for some existing specification parts were provided in Sec. 4.
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