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1 Introduction
In RAN1 NR Ad Hoc 2 meeting, UL power sharing between LTE and NR in the case of dual connecitivity (DC) was further discussed and some agreements were made as follows [1]: 

	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 discuss open issues related to the power sharing mechanism for NR DC operation at least for the sub-6 GHz frequency bands. 
2. Discussion
From the physical layer perspective, an essential issue to be discussed for LTE-NR DC (i.e., NR-E-UTRA DC, EN-DC) and NR-NR DC (NN-DC) is UL power sharing in order to efficiently utilize the UE transmit power. In general, this issue is quite similar to UL power control handling for LTE DC in the sense that a UE needs to share its transmit power across UL carriers when UL channels are transmitted in parallel. However, EN-DC and NN-DC differ from LTE DC as NR CCs can use different numeroloiges such as different subcarrier spacing (SCS) or slot durations. 
For DC operation, one of the functionalities affected from using different numerologies for PUSCH transmissions on aggregated CCs is the UL power sharing mechanism and PHR calculation. 

In RAN1#88bis, it was agreed [2] that EN-DC and NN-DC should support both synchronous and asynchronous deployment scenarios from the UE perspective. However, the definition of synchronous remains FFS. 
In the following section, we first discuss this FFS point.   
2.1 The definition of synchronous DC 

In LTE, two DC modes of operation were defined: synchronous and asynchronous DC, based on the maximum reception timing difference between CGs. In particular, in synchronous DC operation, the UE can assume a maximum reception timing difference up to 33 µs between CGs. In asynchronous DC operation, the UE can assume a maximum reception/transmission timing difference up to 500 µs between CGs.  
In NR, the use of scalable numerologies with subcarrier spacing given by 
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 was agreed. Furthermore, for n=0, the OFDM symbol boundaries are aligned with the LTE sysmbol boundaries assuming normal CP. By using the reference slot duration corresponding to the reference numerology of 15 kHz for NR CCs, the definition of synchronous operation from LTE DC can be fully reused for EN-DC and NN-DC in Rel-15. This is illustrated in FIG.1.  Due to different numerologies on LTE and NR CCs, it is possible that the reception timing difference between two CGs in EN-DC or NN-DC can be larger than 33 us in both synchronous and asynchronous cases. Thus, a unified solution can be strived for both synchronous and asynchronous operation.     
Proposal 1: 
· The EN-DC and NN-DC are considerd as synchronous when the maximum reception timing difference is up to 33 µs between CGs of LTE and NR with reference numerology (i.e. 15kHz).
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Figure 1: Ilustration of synchronous and unsynchronous EN-DC operation 
2.2  UL transmission power sharing to MeNB and SeNB
Due to the timing difference between two overlapped UL transmissions, power sharing ideally has to take into account the transmission power of both current and next tranmissions that overlap. As UE can know the required transmission power for each transmission once receving the parsed DCI from MAC, the support of dynamic power sharing operation may result in a stringent processing timing requirement at the UE. This can be feasible for synchronous DC but it is very challenging for asynchronous DC because we need to consider the priority of the two overlapping subframes when deciding the priority of the current transmission, which would make the process complicated and would require faster processing time in the UE. Thus, two types of power control modes are defined for LTE DC, power control mode 1 (PCM1) and power control mode 2 (PCM2). In PCM1 defined for the synchronous case, UE allocates up to the minimum guaranteed power of each CG and any remaining power is dynamically shared across MCG and SCG on a per transmission basis according to a priority order based on the UCI type. In PCM2 defined for the asynchronous case, the UE reserves the minimum guaranteed power for each CG and any remaining power is first made available to the CG that starts earlier in time.    
Like in LTE DC, regardless of synchronous or asynchronous EN-DC operation, it is desirable to configure a minimum guaranteed power allocation for the two CGs to maintain the dual connections with MgNB and SgNB. Note that, unlike LTE DC, dual SRBs can be configured for the two CGs for EN-DC based on RAN2 agreements [3]. It is important that the values of 
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 can be reserved for each CG so that the high prioritiy PUSCH (e.g., for small SRB messages) and PUCCH (at least for small UCI payloads) can be guaranteed to the MeNB and SgNB.    
Proposal 2: 
· Minimum guaranteed power allocation 
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 should be configured for the two CGs in EN-DC.   
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Figure 2: UL transmissions to MeNB and SgNB in EN-DC

Additionally, when it is known in advance (e.g., by semi-static configuration) that there will be no UL transmission to the gNBs, the UL transmissions to the other gNB could utilize all the available power. Such scenario would occur when MeNB and SgNB have cells that are operated with different numerologies (e.g., one is 15 kHz and the other is 60 kHz as depicted in FIG.2). In that case, it is in advance known when (which TTI) the cell with smaller SCS (i.e., 15 kHz) would have UL transmission as well as the required power if transmitted assuming a typically large scheduling delay and, hence, it can utilize the unused power. In addition, in the case of LTE TDD on CCs of MCG and NR on the CCs of other CGs, UE can know when the LTE TDD CCs would have DL transmission so as to fully utilize all the available power for UL transmission to the gNB. Another scenario, regardless of whether the cells are NR or LTE, where this principle could provide benefit is when UE is in DRX inactive mode with respect to one gNB or one gNB is in off state. 

Proposal 3:      
· When it is known in advance (e.g., by semi-static configuration) that there will be no UL transmission in one CG, the UL transmissions to the other eNB or gNB could utilize all the available power. 
For Rel-15 EN-DC and NN-DC, it appears natural to continously consider the impact of transmission timing differences between CGs for defining proper power sharing and prioritization rules to avoid that Pcmax is exceeded. However, some new features such as variable scheduling timing of PUSCH on NR CCs towards MeNB and SeNB as well as the respective service types (e.g., eMBB or URLLC) need to be also considered. All these factors make the dynamic power sharing process (PCM1) complicated. We therefore believe the PCM2 defined for asynchronous DC in LTE can be used as baseline for EN-DC and NN-DC. 
Proposal 4:      
· PCM2 defined for LTE DC can be considered as starting point for EN-DC and NN-DC. 
2.3 Power headroom report in EN-DC and NN-DC
PHR is required for link adaptation and scheduling. In conjunction with the knowledge of buffer status report (BSR) and scheduling decisions, power headroom reporting enables optimization of UL transmissions.
In DC, scheduling is done independently at the MeNB and SeNB. This makes it difficult to efficiently exploit the PHR as in CA for performing transport format calculation for future transmissions. Nevetheless, PHR is still beneficial in DC to react to extreme situations where the maximum power at UE has been exceeded or is underutilized. To achieve this, it was agreed for LTE DC that PHR to each eNB includes PH information of all activated cells from both MeNB and SeNB. In particular, UE is configured by higher layers whether to always report virtual PH for SeNB cells to the MeNB (and vice versa), or whether to send actual PH for SeNB cells to the MeNB when there are transmissions to the SeNB (and vice versa). A virtual PH is computed based on a hypothetical reference format if configured by reusing LTE CA design. 
In EN-DC and NN-DC, due to potentially different scheduling durations of overlapped transmissions on different CCs, the PHR reporting the scheduling duration on the first cell, e.g., LTE CC where the UL channel carries the PHR, corresponds to several shorter or longer scheduling duration on the other NR cells of the other CG. Similar to virtual PHR report in LTE, a reference scheduling duration can be defined for PHR report across LTE and NR CGs. Considering that EN-DC supports both collocated and non-collocated scenarios, the UE should be allowed to be configured by RRC messages whether or not always to report the virtual PH (e.g., non-collocated case) or to report the actual PH for the CCs in the other CG (e.g., collocated case).  
Proposal 5: 
· The PH calcaulation for the scheduling CG, i.e., eNB or gNB, follows the rule defined for a single NR/LTE CC. 

· UE is configured by higher layers to report either always the virtual PH or the actual PHR when there is a UL transmission in a CC of the other CG. 
3. Conclusions
In this contribution, we discussed the details of power sharing mechanisms for NR DC operation. We make following proposals:  
Proposal 1: 
· The EN-DC and NN-DC are considerd as synchronous when the maximum reception timing difference is up to 33 µs between CGs of LTE and NR with reference numerology (i.e. 15kHz).

Proposal 2: 
· Minimum guaranteed power allocation 
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 should be configured for the two CGs in EN-DC.   

Proposal 3:      
· When it is known in advance (e.g., by semi-static configuration) that there will be no UL transmission in one CG, the UL transmissions to the other eNB or gNB could utilize all the available power. 
Proposal 4:      
· PCM2 defined for LTE DC can be considered as starting point for EN-DC and NN-DC. 
Proposal 5: 

· The PH calcaulation for the scheduling CG, i.e., eNB or gNB, follows the rule defined for a single NR/LTE CC. 

· UE is configured by higher layers to report either always the virtual PH or the actual PHR when there is a UL transmission in a CC of the other CG. 
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