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1 Introduction
For power sharing of LTE-NR DC, it was agreed in RAN1#90 meeting [1] that,  
	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)


For carrier aggregation and dual connectivity in NR, it was agreed in the RAN1#88bis meeting [2] that, 
	Agreements:
· Both synchronous and asynchronous dual connectivity are support for LTE-NR/NR-NR DC

· For carrier aggregation, multiple timing-advance groups are supported

· FFS: The number of timing advance groups

· For LTE-NR DC, from UE perspective,
· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.

· For NR-NR DC, from UE perspective,

· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.

· FFS: exact definition of synchronous

· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.


For NR numerology, it was agreed in RAN1#87 meeting [3] that,  

	Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.


In this contribution, power sharing mechanisms for LTE-NR DC is presented and power control schemes for NR CA/DC are also discussed. Scenarios and use cases are analyzed, e.g., LTE-NR DC/NR-NR DC/ NR CA. This contribution is revised from R1-1712235.
2 Discussion 
2.1 Power sharing for LTE-NR DC 

LTE-NR DC is one important scenario for NSA operation, where MCG is maintained by LTE eNB and SCG is maintained by NR gNB. It has been agreed that is feasible to have power sharing mechanism for LTE-NR DC at least for below 6GHz [4]. For the power sharing mechanisms, it has been agreed to support at least semi-static power sharing between LTE and NR [5], e.g., the maximum allowed power values for LTE and NR are set separately. 
With the different RAT properties for LTE and NR, the HARQ timing and scheduling timing may be different as shown in Fig.1. For example, the timing between UL assignment and corresponding UL data transmission may be not constant because NR supports dynamic indication for the timing relationship. In this case, the power sharing for LTE-NR DC can be implemented by semi-statically configuring the maximum allowed power for each CG as PCM2 in LTE DC. The maximum allowed power value configured for each CG can be indicated as the percentage of the configured UE maximum output power, e.g., P_cmax, through higher layer signaling. With the backhaul between MCG and SCG, the maximum allowed power for each CG can be determined together and adjusted semi-statically to maximize efficiency of power utilization. There are some detailed designs about the semi-statically configured maximum allowed power for each CG as follows. 
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Fig.1 Different HARQ/scheduling timing for MCG and SCG 
For simplicity, P_MCG and P_SCG are used to denote the percentage of maximum allowed power for MCG and SCG respectively. And there are two cases, i.e., P_MCG + P_SCG = 100% and P_MCG + P_SCG > 100% according to the latest agreement [1] as illustrated in Fig.2.  
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Fig.2 Power allocation for MCG and SCG
1) P_MCG + P_SCG = 100%

For this case, P_cmax is split into two parts for MCG and SCG, which is mandated to be supported by all UEs. This semi-static power allocation without overlapping power domain is one simple and feasible mechanism, which requires little communication between NR and LTE. 
2) P_MCG + P_SCG > 100%
For this case, the total power value of maximum allowed power for MCG and SCG is beyond the configured UE maximum output power, which depends on UE capability to handle. And different cases and corresponding power calculation formulae are presented. 
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Fig. 3 Alignment/Non alignment of slot boundaries between MCG and SCG with the same numerologies
When DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, and MCG and SCG have the same numerologies, i.e., the same slot lengths, there may be two cases for the slot boundary between MCG and SCG, i.e., alignment/non alignment illustrated in Fig.3. 

For Case 1, slot boundaries between MCG and SCG is aligned, the detailed formula for power calculation can be given as follow:
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 are the linear values of the total powers that the UE calculates for MCG and SCG respectively, and 
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For Case 2, slot boundaries between MCG and SCG are not aligned, when calculating
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, which can be regarded as Look-ahead mode, in which UE needs to know the actual power requirement of the UL channel on slot 
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on the MCG when UE calculates and allocates the power of slot 
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 on the SCG. Since the MCG has the higher priority compared to SCG in terms of power allocation. The corresponding detailed formula for power calculation can be given as follow:
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Alternatively, Non-Look ahead mode can be adopted, in which UE only needs to know the actual power requirement of the UL channel on slot 
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 on the MCG when UE calculates and allocates the power of slot 
[image: image22.wmf]2

i

 on the SCG. The detailed formula for power calculation can be given as follow:


[image: image23.wmf](

)

MCG1MCG1CMAX12

ˆ

ˆ

ˆ

()min(),_(,)

PiPiPMCGPii

=×



[image: image24.wmf](

)

(

)

SCG2SCG2CMAX12CMAX12MCG1

ˆ

ˆ

ˆ

ˆ

ˆ

()minmin(),_(,),(,)()

PiPiPSCGPiiPiiPi

=×-

 

[image: image25.wmf](

)

(

)

1MCG1CMAX12CMAX12SCG2

ˆ

ˆ

ˆ

ˆ

ˆ

(1)minmin(1),_(1,),(,)()

MCG

PiPiPMCGPiiPiiPi

+=+×+-

.
When DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, and MCG and SCG have the different numerologies, i.e., the different slot lengths, there may be two cases for the slot boundary between MCG and SCG, i.e., alignment/non alignment illustrated in Fig.4. 
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Fig. 4 Alignment/Non alignment of slot boundaries between MCG and SCG with the different numerologies
For Case 3, slot boundaries between MCG and SCG is aligned, the detailed formula for power calculation is similar to that for Case1. 
For Case 4, slot boundaries between MCG and SCG is not aligned, the detailed formula for power calculation for slot 
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 is similar to that for Case 1, while the detailed formula for power calculation for slot 
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 is similar to that for  Case 2. 
When DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE, and MCG and SCG have the same numerologies but the different slot lengths, there may be two cases for the slot boundary between MCG and SCG, i.e., alignment/non alignment illustrated in Fig.5. 
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Fig. 5 Alignment/No alignment of slot boundaries between MCG and SCG with the different slot lengths
For Case 5 and Case 6, when calculating when calculating
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 is similar to that for Case 2, i.e., no matter the slot boundaries between MCG and SCG are aligned or not for Case 5/6, UE needs to consider both 
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Proposal 1: Both Look-ahead and Non Look-ahead modes can be considered for power sharing of LTE-NR DC in the case of P_MCG + P_SCG > 100%.
For the case when P_SCG is configured such that P_SCG < 100%, if UE knows there is no UL transmission on MCG by semi-static configuration, e.g., measurement gap, DL/UL configuration, UE can use power up to P_cmax on SCG. This mechanism can improve the power utilization efficiency. 
Proposal 2: The remaining power of one CG from its configured maximum allowed power can be utilized by the other CG if UE knows there is no UL transmission on the CG.
For NR-NR DC, both synchronous and asynchronous cases are supported. The power mechanisms discussed above can also be applied. 
2.2 Power control for NR CA
In NR CA, different numerologies may be assumed for different carriers. One slot with one numerology (e.g., 15 kHz) can be overlapped with several slots of another numerology (e.g., 120 kHz). This overlapping issue for uplink power control is similar with overlapped channel issue of asynchronous case in DC scenario. With the consideration of power allocation efficiency among carriers with different numerologies, how to allocate the transmission power among carriers of different numerologies should be studied. 
Option 1: Power adaptation for overlapped duration based priority 

In Fig.6, CC1 is one component carrier with the numerology of 15 kHz and CC2 is another component carrier with the numerology of 120 kHz. The slots of CC2 with PUCCH or URLLC may be overlapped with the slot of CC1. The transmission power of slot n is determined before the power determination of slot m+4 and m+6. However, if the PUCCH or URLLC is transmitted is slot m+4 or m+6, the corresponding transmission power has to be guaranteed, which may result in power limited case. To tackle this issue, the transmission of overlapped duration in slot n can be suspended to leave sufficient power for the transmission of CC2 with high priority. Alternatively, the DMRS and UCI RE in the overlapped duration of slot n are transmitted except for the data RE. 
Proposal 3: Power adaptation within one slot can be considered for NR CA. 
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Fig.6 Power adaption for overlapped duration based priority 

Option 2: Coordinated scheduling based on PHR of carriers with larger subcarrier spacing 
For example in Fig.7, CC1 is one component carrier with the numerology of 15 kHz and CC2 is another component carrier with the numerology of 120 kHz. One slot of CC1 is overlapped with 8 slots of CC2. Firstly, the PHR can be triggered if the actual transmission power of CC1 and CC2 is equal to the UE configured maximum transmission power
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 or the slots with different duration are overlapped. One parameter indicating the available remaining power for next UL transmission of CC2 is needed, i.e., 
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Fig.7 Coordinated scheduling based on PHR
Based on the reports, gNB can schedule the next UL slot to avoid occurring power limited case. For example, if 
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 is utilized for CC1 and CC2 in slot m, some coordination scheduling can made through UL grant for slot m+3 to guarantee that the required transmission power for CC1 and CC2 in slot m+3 does not exceed
[image: image43.wmf]CMAX

P

. 
Proposal 4: PHR needs to be designed to efficiently utilize the maximum allowed transmission power for NR CA. 
Regarding SRS transmission in LTE, if UE is not configured with an SCG and the total transmission power of the UE for SRS would exceed the maximum allowed transmission power, the UE scales the SRS transmission power of each serving cell with one same scaling factor. When UE is configured with MCG and SCG, if the SRS transmission is overlapped with PUCCH/PUCCH transmission, the SRS transmission may be dropped. And these mechanisms can be as the starting point for SRS power control in NR CA/DC. For PRACH transmission, the PREAMBLE_RECEIVED_TARGET_POWER is configured to be same for different component carriers, while in NR CA/DC, PREAMBLE_RECEIVED_TARGET_POWER can be configured per component carrier with the consideration of propagation difference between different component carriers which can range from low frequency to high frequency. In DC scenario, when a PRACH transmission of the UE on the primary cell of MCG is overlapped with another PRACH of SCG in time domain, if the total power of both PRACH transmissions would exceed the maximum allowed transmission power, UE may adjust or drop the PRACH transmission of SCG. The similar mechanisms can be as the starting point for PRACH power control in NR DC.
Proposal 5: The power control mechanisms of SRS/PRACH in LTE CA/DC can be the starting point for that of NR CA/DC.  
3 Conclusion
In this contribution, power sharing mechanism for LTE-NR DC is discussed as well as the power control of NR CA/DC. Some scenarios and use cases for power control are analyzed, we have following proposals:
Proposal 1: Both Look-ahead and Non Look-ahead modes can be considered for power sharing of LTE-NR DC in the case of P_MCG + P_SCG > 100%.
Proposal 2: The remaining power of one CG from its configured maximum allowed power can be utilized by the other CG if UE knows there is no UL transmission on the CG.
Proposal 3: Power adaptation within one slot can be considered for NR CA. 
Proposal 4: PHR needs to be designed to efficiently utilize the maximum allowed transmission power for NR CA. 
Proposal 5: The power control mechanisms of SRS/PRACH in LTE CA/DC can be the starting point for that of NR CA/DC.  
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