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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 meeting, the Rel-15 work item exception for new radio access technology is summarized and approved.  The aspects for NR-NR dual connectivity (NN-DC) in Rel-15 are copied below.
	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.


Due to lack of time, asynchronous NN-DC as well as synchronous NN-DC for band combination(s) for FR1+FR1 is not introduced in Rel-15. In RAN#80, the WID on multi-RAT dual connectivity and carrier aggregation enhancements is approved which includes the target of supporting asynchronous and synchronous NN-DC [2]. The aspects corresponding to NN-DC are copied below.
	1. Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signalling to support of enhanced NR-NR DC [RAN2]
· Core requirements to support enhanced NR-NR DC [RAN4]
Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 


From RAN1 perspective, the main objective to be specified is in the area of UE power control. Thus in this contribution, an overview of UE power control for NN-DC is provided including open issues to be addressed and our preliminary views.
[bookmark: _Ref129681832]Discussion 
According to the RAN1 specification impact of Rel-12 LTE DC and Rel-15 EN-DC and NE-DC on UE power control, the following aspects are identified to be the major issues for Rel-16 NN-DC that need to be discussed and addressed:
· Power control mechanism
· Prioritizations for transmission power reductions
· Power headroom reporting (PHR)
· Single UL operation
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]On power control mechanism
Power sharing
In Rel-15 EN-DC and NE-DC, two types of power sharing are supported where one is semi-static power sharing and the other is dynamic power sharing. For semi-static power sharing, though it is simpler and requires less standard effort compared with dynamic power sharing, the UE transmission power cannot always be fully used since one CG cannot borrow unused power from another CG. In other words, dynamic power sharing obtains higher efficiency of power utilization than semi-static power sharing. 
Besides, in Rel-12 LTE DC, two power control mechanisms, i.e., PCM1 (Power Control Mode 1) and PCM2 are supported where PCM1 is for synchronous CGs and PCM2 is for asynchronous case. For both PCM1 and PCM2, minimum guaranteed power is reserved for each CG and the remaining power can be dynamically shared among CGs. Namely, dynamic power sharing is already supported in LTE DC.
Thus for Rel-16 NN-DC, supporting dynamic power sharing is beneficial due to its higher power utilization efficiency. But the corresponding dynamic power sharing is different from that of EN-DC/NE-DC in terms of the ability for obtaining scheduling information of the other CG. Namely, for NN-DC, the same ability for obtaining scheduling information of the other CG is assumed for both CGs whereas LTE CG is not able to obtain scheduling information of NR CG for EN-DC/NN-DC. Besides, it is important to emphasize that dynamic power sharing is only needed for NN-DC with band combination for FR1+FR1. As for asynchronous NN-DC with band combination for FR1+FR2, there is no need to introduce power sharing mechanism because independent power control shall be adopted per cell group which is similar to the approach in Rel-15 NN-DC, i.e., synchronous mode with band combination for FR1+FR2. Based on aforementioned discussion, the following proposals are given.
Proposal 1: Dynamic power sharing shall be supported for NN-DC with FR1+FR1 band combination(s). The UE modem for each CG has the same ability of obtaining scheduling information of the other CG.
Proposal 2: Independent power control per cell group is adopted for asynchronous NN-DC with FR1+FR2 band combination(s).
Minimum guaranteed power
As mentioned above, both PCM1 and PCM2 in LTE DC can reserve minimum guaranteed power for each cell group, in order to ensure sufficient power for UE’s PUCCH transmission, especially for that carrying HARQ-ACK/SR. More specifically, PCM1 allows the minimum guaranteed power to be borrowed by other CG(s) if such power is not fully used. While the minimum guaranteed power cannot be shared in PCM2. Thereby, UE can sustain a connection with each CG even in the situation of simultaneous UL transmissions of multiple CGs. 
For Rel-15 EN-DC with dynamic power sharing, minimum guaranteed power is no longer introduced at either LTE or NR side. Instead, transmission power of LTE uplink is always prioritized over NR uplink. 
When it comes to NN-DC, the advantage of reserving minimum guaranteed power in terms of maintaining sufficient transmission power for PUCCH of each CG is still notable. In addition, the exact value of guaranteed power can be flexibly configured by network, and it is possible to allow all the UE transmission power to be fully shared among CGs via network configuration. Therefore, introducing minimum guaranteed power for NN-DC with dynamic power sharing is preferred. 
Proposal 3: For NN-DC with FR1+FR1 band combination(s), it is preferable to introduce minimum guaranteed power to dynamic power sharing.
UE behavior on power scaling or dropping
In power limited cases, UE is required to scale transmission power down or directly drop a certain channel/signal of lower priority in order to not exceed a maximum transmission power. In LTE DC, UE is not allowed to drop any UL signal or channel until the transmission power is used up. While in Rel-15 EN-DC, the X dB threshold is introduced for UE to determine whether to scale transmission power down or drop. Specifically, UE shall drop NR uplink signal only if the transmission power of NR signal is required to be reduced by more than X dB. As for NN-DC, more discussion on UE behavior for power scaling or dropping is needed. For instance, current mechanisms of LTE DC and Rel-15 EN-DC can be the starting points.
On prioritizations for transmission power reductions
For DC UE with dynamic power sharing, the prioritizations for transmission power reductions in power limited case is necessary to be specified to improve transmission performance at UE side. In Rel-15, prioritizations for transmission power reductions have been specified but only for SUL and CA cases. Note that, the prioritizations for Rel-12 DC in LTE almost reuse the approaches of Rel-11 CA. Thus for NN-DC, it is proper to reuse current channel prioritizations to NN-DC in general. 
Moreover, it is noticed that the details for channel prioritizations in Rel-15 CA and SUL are almost the same as that in Rel-11 CA of LTE. Regarding that NR introduces quite a few new features in uplink transmission compared with LTE, more investigation is needed for the details on prioritizations for NN-DC. For instance, NR supports 5 different PUCCH formats including short and long formats, and specific UE behavior may be specified when short format PUCCH is overlapped in time with long format one. For PUSCH, NR supports two types of configured grant PUSCH, and prioritizations between configured grant PUSCH and grant-based PUSCH on UL carriers of different cell groups can be considered to be specified. Other factors can be also considered, e.g., different numerologies. 
Proposal 4: Prioritizations for transmission power reductions in Rel-15 are treated as starting points for NN-DC.
Proposal 5: Consider to introduce additional prioritizations for transmission power reductions on top of current ones in Rel-15, e.g., prioritization among different PUCCH formats or PUSCH types.
On power headroom reporting 
Virtual and actual PHR
In LTE DC, for PHR of an activated serving cell in both MCG and SCG, UE can be configured with one of two different reporting types via higher layer signaling.
· Always virtual PH: UE reports virtual PH of the activated serving cell belonging to the other CG. 
· Actual PH when there is a PUCCH/PUSCH transmission for the activated serving cell belonging to the other CG, otherwise virtual PH.
In EN-DC and NE-DC, the same mechanism is applied at NR side according to the agreement in RAN1#95 as following.
	Agreement
Confirm the following working assumption.
· Capture in TS 38.213 the below text from TS 36.213 with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG
· If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG.


As for NN-DC, no additional requirement or concern on virtual and actual PHR is foreseen, and thus directly reusing current mechanism for NN-DC seems straightforward.
PH calculation for asynchronous scenario
In asynchronous scenario, slot i+1 of a certain cell in CG1 can be overlapped with two slots, denoted by slot j and slot j+1 of a cell in CG2. In LTE, two options were discussed to specify the PH calculation for slot i+1.
· Option 1: PHR is always calculated using the first overlapped portion.
· Option 2: PHR is calculated using the major overlapped portion if UL time difference is less than a threshold. Otherwise, the first overlapped portion is used.
But finally, it is up to UE implementation whether to use first overlapped slot or the latter one for PH calculation as there is no consensus on this point. 
When it comes to NN-DC, how to calculate PH also exists in the case that multiple CGs are with different numerologies in addition to asynchronous cases. Purely up to UE implementation may lead to PHR misunderstanding for network. Thus, it is preferred to specify specific rules for UE calculating PH. Detailed solutions can be FFS.
Proposal 6: Study the UE behavior on PH calculation in asynchronous NN-DC scenario. 
Single UL operation for NN-DC
In the discussion of EN-DC in Rel-15, the inter-modulation distortion (IMD) issue was raised on the occasion of simultaneous UL transmissions. To combat such issue, single uplink transmission is specified for Rel-15 EN-DC. 
While for NN-DC, if the defined band combinations include cases that will be endured severe IMD, e.g., between 3.5 GHz and 1.8 GHz, single uplink transmission shall be adopted if no other effective solution is identified to combat the IMD issue. Herein, different CGs shall predefine a proper time division multiplexing (TDM) pattern and the UE capability on supporting single uplink transmission can be defined.
Proposal 7: Consider single UL operation for NN-DC among multiple CGs in order to combat the IMD issue.

Conclusions
In this contribution, we provided an overview on UL power control for NN-DC. The following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Dynamic power sharing shall be supported for NN-DC with FR1+FR1 band combination(s). The UE modem for each CG has the same ability of obtaining scheduling information of the other CG.
Proposal 2: Independent power control per cell group is adopted for asynchronous NN-DC with FR1+FR2 band combination(s).
Proposal 3: For NN-DC with FR1+FR1 band combination(s), it is preferable to introduce minimum guaranteed power to dynamic power sharing.
Proposal 4: Prioritizations for transmission power reductions in Rel-15 are treated as starting points for NN-DC.
Proposal 5: Consider to introduce additional prioritizations for transmission power reductions on top of current ones in Rel-15, e.g., prioritization among different PUCCH formats or PUSCH types.
Proposal 6: Study the UE behavior on PH calculation in asynchronous NN-DC scenario. 
Proposal 7: Consider single UL operation for NN-DC among multiple CGs in order to combat the IMD issue.


References
[bookmark: _Ref450662982][bookmark: _Ref457851771][bookmark: _Ref450661959][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-1181473, “Rel-15 Work Item Exception for New Radio Access Technology - Core”, La Jolla, USA, June 11 – 14, 2018.
RP-182076, “WID on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements (LTE_NR_DC_CA_enh-Core)”, Gold Coast, Australia, September 10 – 13, 2018.

