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1
Introduction
RAN4 and RAN1 have had different understandings and different agreements related to dynamic power sharing for LTE-NR DC (EN-DC) in the UE: RAN4 had agreed that dynamic power sharing should be mandatory for all UEs supporting LTE – NR DC [2] whereas RAN1 had concluded that it could be UE capability.  RAN1 had also defined that UEs not supporting dynamic power sharing may use the TDM operation based single UL transmission (i.e. single UL operation with Case 1 HARQ timing pattern provided), which was originally defined for allowing UE to use single UL transmission only in the difficult channel allocations of difficult LTE – NR band combinations.  RAN#78 discussed dynamic power sharing related UE support and agreed to the following proposals in [1]:
	· Proposal 1

· Agree to introduce Rel-15 capability signaling to indicate whether the UE supports dynamic EN-DC power sharing

· Dynamic power sharing means that the UE can operate with P_LTE + P_NR > P_powerclass configuration 

· Agree that the intent is to make dynamic EN-DC power sharing mandatory at a future time

· Check any possible updates on status above in March

· Proposal 2

· For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5) is mandatory with capability signalling

· Single UL operation is optional for dynamic power sharing capable UEs




In this contribution, we discuss the implications of the RAN#78 decision on dynamic power sharing between LTE and NR to and propose how to deal with those. We also initiate discussion on UE Configured transmitted power requirements for EN-DC in TS38.101-3.

2
Discussion 
2.1
UEs with and without Dynamic Power Sharing
Following the RAN#78 decisions (in [1]), there will initially be two different type of LTE – NR DC UEs in Rel-15;
Type 1 UE) UE with dynamic power sharing: UE supports simultaneous LTE and NR transmission in LTE – NR DC regardless of the sum of the configured P_LTE and P_NR, i.e. even when it is higher, equal or less than P_powerclass.

Type 2 UE) UEs without dynamic power sharing: UE supports simultaneous LTE and NR transmission in LTE – NR DC only when the sum of the configured P_LTE and P_NR is equal or less than P_powerclass. If the sum of the configured P_LTE and P_NR is more than P_powerclass, the UE can only operate with TDM based single UL transmission (i.e. single UL operation (SUO) with Case 1 HARQ timing)
We can easily note that the UEs with dynamic power sharing (i.e. type 1 UE) can operate without performance compromises both in the cell center and in coverage limited situations, whereas the UEs without dynamic power sharing (i.e. type 2 UE) will either have worse UL coverage or lower UL data rates/throughput or both. For the UEs without dynamic power sharing (i.e. type 2 UEs)) the network has two basic operation possibilities:

1) Limit the UL coverage by setting P_LTE + P_NR ≤ P_powerclass, meaning that the UE cannot reach its maximum UE Tx power (e.g. 23 dBm) for single technology like LTE (Pcell).
2) Operate the (less capable) type 2 UEs without dynamic power sharing in single UL transmission mode to allow using maximum UE Tx power (e.g. 23 dBm) for single technology like LTE.
Obviously, both of these carry some penalty to the performance, and using single uplink operation (SUO) for EN-DC creates burden for the network to coordinate a TDM pattern that needs to be taken into account in scheduling. 

Observation 1: To ensure UE simultaneous UL transmission for LTE and NR during LTE – NR DC the network needs to configure P_LTE + P_NR ≤ P_powerclass for the UEs without dynamic power sharing capability.
2.2
Setting UE maximum powers for LTE and NR for UEs without Dynamic Power Sharing 
To avoid penalizing the performance of the UEs that support dynamic power sharing it is important that P_LTE and P_NR can be set to be separately for the UEs with and without dynamic power sharing, i.e. the maximum power should be set via dedicated signaling. This should already be possible in LTE RRC via the parameter p-Max signaled within the IE RadioResourceConfigCommon, and in NR RRC via the parameter p-Max within the IE FrequencyInfoUL within the IE UplinkConfigCommon when the network also receives UE’s capability information if it supports dynamic power sharing. 
Observation 2: The current LTE and NR RRC already allow signaling of P_LTE and P_NR per serving cell.

We also note that LTE specifications already do allow and practically assume dynamic power sharing within the same RAT when operating in CA, the UE needs to respect the signaled maximum power limit for each serving cell and keep its maximum total transmit power below or equal to its power class regardless of the signaled maximum power limit for each serving cell (i.e. each component carrier). Now eNB is assumed to calculate the maximum power based on PHR and per-carrier limits. However, this only works since the dynamic power sharing is assumed to work between the carriers: If that assumption doesn't hold, there should be a way to signal the total maximum allowed power for each RAT in case of CA within the RAT (e.g. LTE CA) for the UEs not supporting dynamic power sharing as otherwise e.g. in 2-way UL CA, limiting the two LTE uplinks each to 20 dBm would still lead to P_LTE of 23 dBm. This additional limit would not be needed for the UE capable of dynamic power sharing. Currently the signaling does not support a way to signal the absolute maximum power per RAT, which is what would be needed in this case. 

Alternatively, the UEs not capable of dynamic power sharing between LTE and NR would need to be restricted to one LTE uplink and one NR uplink only when configured to operate in LTE-NR dual connectivity.
Observation 3: There is no way to signal maximum power per RAT (i.e. LTE or NR) in RRC currently. Maximum power per RAT would only be needed for UEs not supporting dynamic power sharing, or alternatively the DC operation would need to be restricted to one LTE uplink and one NR uplink only.
In order to support UL CA on either LTE or NR, the network would need a way to signal maximum power per RAT to work efficiently. 
Proposal 1: Define P_LTE and P_NR separately for UEs with and without dynamic power sharing capability to allow P_LTE + P_NR > P_powerclass for UE supporting dynamic power sharing and P_LTE + P_NR ≤ P_powerclass for UE without dynamic power sharing capability, i.e. the max Tx power on a carrier/RAT needs to be provided on a per UE basis, or there needs to be a UE type specific derivation of the max Tx powers.
Proposal 2: Define signaling in LTE and NR RRC that allows setting P_LTE and P_NR per RAT (i.e. maximum power per RAT) for UEs that do not support dynamic power sharing, or restrict these UEs to one LTE and one NR uplink operation only.

RAN4 should inform RAN2 and RAN1 on the need for this additional parameter for the Maximum UE Tx power per RAT (LTE and NR) for the type 2 UEs without dynamic power sharing capability.

Proposal 3: Send LS to RAN2 and RAN1 informing the need for additional signaling parameter for Maximum UE Tx power per RAT.

2.3
Using TDM based Single Uplink Operation for UEs without Dynamic Power Sharing 
As already discussed as part of when the UE may require TDM based single UL transmission in difficult LTE – NR DC combinations, it would be desirable to avoid TDM based single UL transmission as much as possible due to its negative UL throughput and system performance implications. For example, the network has to synchronize the usage of the pattern, and the single uplink operation for some UEs may also reduce scheduling efficiency for other (Type 1) UEs. 

Observation 4: The use of TDM based single UL operations for Type 2 UEs may also affect performance of Type 1 UEs in the cell.

If, however, P_LTE + P_NR > P_powerclass has to be used in the network for enabling the maximum UE Tx power defined by the power class for UL coverage reasons, the network needs to use TDM based single UL transmission for the UE not supporting dynamic power sharing, at least when UEs are operating close to the UE maximum power. To avoid unnecessary use of the TDM based single uplink operation and to maximize the usage of simultaneous LTE and NR transmissions, the switch between these two modes should be under network control (as has already been discussed in RAN2 when defining the basic single uplink operation for the difficult band combinations). And naturally the network needs to also ensure that the UE is not required to exceed its maximum UL power defined by the power class in any case. Dynamic power sharing was agreed as UE capability in the first specification version for EN-DC UEs because the first UEs may not have fast communication interface between LTE and NR modems. For this reason, we also cannot assume that these UEs without dynamic power sharing capability are able to accurately trigger when the total transmit power of the UE is about to reach its maximum power defined by the UE power class.
Observation 5: When and whether to use TDM based single UL operations for UEs without dynamic power sharing shall be under network control. 

To switch between (regular) simultaneous LTE and NR transmission and TDM based single uplink operation modes, the network needs to have rather accurate and timely UE Tx power or power headroom information for the switching decisions. Without sufficiently accurate or recent Tx power or power headroom reports for LTE and NR, the network would need to add noticeable margins when to switch between the UL transmission modes (i.e. between simultaneous LTE and NR transmissions and TDM based single UL transmission) to make sure that the mode switch is always made before the UE reaches its maximum Tx power (defined by the power class). Thus, the network needs to ensure that the PHR reporting information is available regularly, which may incur some additional reporting overhead. These additional margins are expected to limit the coverage area where the simultaneous LTE and NR UL transmissions are possible. 
Observation 6: Network may have to have more accurate and frequent PHR reporting for UEs without dynamic power sharing capability (i.e. type 2 UEs).

Proposal 4: The network decides based on UE measurement reports like UE LTE and NR Tx powers or power headrooms when to switch between simultaneous LTE and NR and TDM based single UL transmission modes (in case P_LTE + P_NR > P_powerclass  is configured for UE without dynamic power sharing).
Proposal 5: Discuss whether the existing LTE and NR UE Tx power or power head room measurements and reporting can be configured to be used frequently enough to be usable for determining whether to use TDM based single UL operations for UEs without dynamic power sharing.

Proposal 6: Discuss whether more accurate LTE and NR UE Tx power or power head room measurements and reports are needed for using TDM based single UL operations for UEs without dynamic power sharing.

3
UE Configured transmitted power requirements for EN-DC
TS36.101 defines the UE Configured transmitted power for CA in Section 6.2.5A as follows:
	The total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band, 


PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c·tProSe) , pPowerClass/pmprc], PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
where
-
pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];

-
PPowerClass is the maximum UE power specified in Table 6.2.2A-1 without taking into account the tolerance specified in the Table 6.2.2A-1; pPowerClass is the linear value of PPowerClass;



As seen in the the PCMAX_L and PCMAX_H equations LTE UE with UL CA has to ensure that its transmit power does not ever exceed its power class even if the sum of individual pEMAX, limits per serving cell exceeds the UE power class i.e. LTE configured transmit power requirements for CA assume dynamic power sharing. Similar dynamic power sharing assumptions have been used in LTE DC UE Configured transmitted power requirements as well. In our view, similar principles could also be used for defining the “Configured maximum output power for EN-DC” requirements in Section 6.2.5 of TS38.101-3 when the UE is dynamic power sharing capable UE.  
Proposal 7: For UEs supporting dynamic power sharing between LTE and NR define UE Configured transmitted power requirements for EN-DC utilizing similar definitions as defined for LTE CA and DC.
For NR NSA UEs, which do not have dynamic power sharing capability between LTE and NR UL, it should be possible to assume that the UE is capable of doing dynamic power sharing within the radio access technology i.e. among LTE UL carriers (cells) and among NR UL carriers (cells). However, as discussed in the previous section, it is necessary to define additional signaling parameter to limit the maximum power per RAT in addition to the individual maximum power limits per serving cell. Alternatively, EN-DC UE cannot support LTE or NR CA when operating in EN-DC mode as there is no way for the network to ensure that ‘P_LTE + P_NR > P_powerclass’ is not exceeded.
Proposal 8: For UEs not supporting dynamic power sharing between LTE and NR define UE Configured transmitted power requirements by utilizing the new signaled maximum UE transmit power per RAT; one for LTE and another one for NR or alternatively do not allow LTE or NR carrier aggregation while operating in EN-DC mode.
4
Conclusions 

We have discussed the RAN#78 decision on dynamic power sharing for UEs and observed the following:
Observation 1: To ensure UE simultaneous UL transmission for LTE and NR during LTE – NR DC the network needs to configure P_LTE + P_NR ≤ P_powerclass for the UEs without dynamic power sharing capability.
Observation 2: The current LTE and NR RRC already allow signaling of P_LTE and P_NR per serving cell.
Observation 3: There is no way to signal maximum power per RAT (i.e. LTE or NR) in RRC currently. Maximum power per RAT would only be needed for UEs not supporting dynamic power sharing, or alternatively the DC operation would need to be restricted to one LTE uplink and one NR uplink only.
Observation 4: The use of TDM based single UL operations for Type 2 UEs may also affect performance of Type 1 UEs in the cell.
Observation 5: When and whether to use TDM based single UL operations for UEs without dynamic power sharing shall be under network control. 

Observation 6: Network may have to have more accurate and frequent PHR reporting for UEs without dynamic power sharing capability (i.e. type 2 UEs).
Based on these, we propose the following:

Proposal 1: Define P_LTE and P_NR separately for UEs with and without dynamic power sharing capability to allow P_LTE + P_NR > P_powerclass for UE supporting dynamic power sharing and P_LTE + P_NR ≤ P_powerclass for UE without dynamic power sharing capability, i.e. the max Tx power on a carrier/RAT needs to be provided on a per UE basis, or there needs to be a UE type specific derivation of the max Tx powers.
Proposal 2: Define signaling in LTE and NR RRC that allows setting P_LTE and P_NR per RAT (i.e. maximum power per RAT) for UEs that do not support dynamic power sharing, or restrict these UEs to one LTE and one NR uplink operation only.
Proposal 3: Send LS to RAN2 and RAN1 informing the need for additional signaling parameter for Maximum UE Tx power per RAT.
Proposal 4: The network decides based on UE measurement reports like UE LTE and NR Tx powers or power headrooms when to switch between simultaneous LTE and NR and TDM based single UL transmission modes (in case P_LTE + P_NR > P_powerclass  is configured for UE without dynamic power sharing).
Proposal 5: Discuss whether the existing LTE and NR UE Tx power or power head room measurements and reporting can be configured to be used frequently enough to be usable for determining whether to use TDM based single UL operations for UEs without dynamic power sharing.
Proposal 6: Discuss whether more accurate LTE and NR UE Tx power or power head room measurements and reports are needed for using TDM based single UL operations for UEs without dynamic power sharing.

We also propose that RAN4 will inform RAN2 and RAN1 on the need for an additional signaling parameter for the Maximum UE Tx power per RAT (LTE and NR) for the type 2 UEs without dynamic power sharing capability. RAN4 should also inform its other findings and decisions to RAN1 and RAN2 as RAN1 and RAN2 are also discussing implications of introducing UEs without dynamic power sharing capability at the same time.
In this contribution, we have also discussed how to define UE Configured transmitted power requirements for EN-DC in TS38.101-3 for UEs with and without dynamic power sharing capability. We make the following proposals for the requirement development: 

Proposal 7 For UEs supporting dynamic power sharing between LTE and NR define UE Configured transmitted power requirements for EN-DC utilizing similar definitions as defined for LTE CA and DC.

Proposal 8: For UEs not supporting dynamic power sharing between LTE and NR define UE Configured transmitted power requirements by utilizing the new signaled maximum UE transmit power per RAT; one for LTE and another one for NR or alternatively do not allow LTE or NR carrier aggregation while operating in EN-DC mode.
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