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Introduction
EN-DC operation requires a UE to transmit both LTE UL and NR UL simultaneously, except for those different band combinations with IMD issues defined in RAN4 (TS38.101-3) or type 2 UEs who do not support dynamic power sharing. Simultaneous UL transmission in two RATs creates a lot of challenges in many aspects. Contribution [1] brought up two important design issue regarding to the simultaneous NR and LTE UL transmissions in the aspect of

1. Processing timing requirement difference between LTE and NR. LTE is designed to operate with 4ms timeline for both the DCI scheduling and PUSCH retransmission. However, NR is designed to have flexible timing configuration via RRC/DCI and capable of operating much faster than LTE. This creates challenges in terms of both power control and PHR report.
2. Partially overlapped LTE and NR transmission: NR UL transmission has very flexible starting point with very flexible time domain durations, this can cause the problem of partially overlapped LTE and NR UL transmission which leads to phase discontinuity due to PA power change.

There already has been extensive discussion in different WGs in order to solve this problem. Regarding the processing timing requirement difference issue, it was agreed to maintain LTE processing timing while requiring UE to adjust NR transmit power to meet all the RF requirement [2]

	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)




However, current spec allows the full flexibility for NR UE to either scale down its NR transmit power or drop UE transmission when power scaling is needed. To further regulate the UE behavior, following agreement was reached in [3]

	· Use the RAN4 endorsed CR in R4-1811484 on Inter-band EN-DC configured Output power as a starting point and continue improving requirement in TS38.101-3 in the RAN4 meetings
· to prevent unnecessary NR dropping for dynamic power sharing EN-DC UEs when there is ’real’ power left from LTE UL
· The following conditions should be used when improving the RAN4 Inter-band EN-DC Configured Output Power requirements:
· UE is allowed to drop NR only if the power scaling applied to NR means that the difference between scaled and unscaled NR UL power is more than XdB. In other cases the UE does power scaling of NR UL.
· X dB is RRC configured parameter with 4 fixed values and X is [0, 2, 4 or 6] dB. The UE has to be able to support all these 4 configurable X values.
· This threshold X dB does not limit the UE performance but only defines the UE minimum performance (i.e. UE can perform better than the minimum performance)
· Handling of partial overlap needs to be addressed (including possibility to leave this up to the UE implementation)
· Handling of multiple NR UL carriers needs to be addressed (including possibility to leave this up to the UE implementation)



In RAN1 #94bis meeting, further progress has been made with the following options [4]

	· Option 1: Define additional RRC signaling to support configuration of 3 separate power scaling thresholds, including
· X1-dB for PUSCH
· X2-dB for PUCCH
· X3-dB for SRS
· Option 2: Clarify that X-dB threshold only applies to PUSCH
· Option 3: X-dB threshold applies to all channels
· Option 4: Use of X-dB is TBD (by RAN1 and/or RAN4), only impacts RAN4 specification, no impact to RAN1 specs
To be resolved in RAN1#95



In RAN4#88bis meeting, further progress has been made on how to capture the RAN plenary design into specifications, [5] 

In this contribution, we provide our view on this topic
Power control with different LTE and NR processing time
As we discussed before, it is beneficial for both the UE and NW to still allow simultaneous NR and LTE UL transmission as long as power scaling of NR UL would not affect performance significantly. This saves the UE power by allowing UE to finish its UL transmission sooner and allows more efficient use of NW resources without wasting the UL grant. However, the benefit of this only exist when UL transmission is useful, or not detrimental, after the power scaling. As an example, for PUCCH, if the power scaling is too large, the NW will not be able to decode PUCCH. Consequently, it wastes of UE transmit power, causes unnecessary interference to the system, and may cause PUCCH miss detection issue. 

It is very reasonable that different NR UL PHY channels have different reliability requirement for single transmission. We briefly discuss our view on the following UL PHY channels.

1. PUSCH: this is the channel most resilience to the single transmission power scaling due to the HARQ Operation
2. SRS: this is the channel which has some resilience to the single transmission power scaling especially when it is used for channel estimation, due to the fact that time domain filtering could be applied at the gNB. However, when SRS was used to compared beam quality, etc., changing the SRS beam could result in the wrong decision of which beam is the best. 
3. PUCCH: PUCCH is a single shot PHY channel which does not benefit from time domain combining. Therefore, UE should not transmit PUCCH unless there is enough power to ensure reliable reception.

The concept of applying different power scaling and dropping rules is illustrated in Figure 1. More specifically, independent threshold can be applied to PUSCH, PUCCH and SRS which allows the UE to drop PUSCH the least aggressively, drop the PUCCH the most aggressively while SRS channel be have further optimized rules considering the different use case of SRS.

Proposal 1: Power scaling and dropping rules can be independently optimized for different NR UL PHY channels, i.e. PUSCH, PUCCH and SRS
[image: ]
Figure 1 Different power scaling and dropping rule for different NR UL PHY channel    
Regarding the four options discussed in RAN1 #94b, we need to clarify the following points

1. Power control design and how to capture the power control design should be two orthogonal and separate topics. We still believe that it is within RAN1 expertise and duty to design power control to ensure the best NR performance. In terms of how to capture the power control design, the agreement is less important. The same power control design can be captured in many different ways without any meaningful difference, e.g. only in RAN4 spec, only in RAN1 spec or in both RAN1 and RAN4 spec.
2. Even though independent threshold for PUSCH, SRS and PUCCH is the most flexible design, it is the design that also affects RAN2 spec. Consider that it is the last meeting of Rel-15 NR, we think it is better to support Option 2 that threshold only applies to PUSCH. It is also better aligned with RAN plenary decision with newer understanding or clarification from RAN1.
 
Proposal 1: Option 2, Clarify that X-dB threshold only applies to PUSCH, is adopted
Conclusion
In this contribution, we discuss the EN-DC power control issue to meet all RF requirement (per RAT maximum power limit, joint EN-DC power limit, power class limit, and IMD impairment limit), considering the different reliability requirement of different NR UL PHY channels.

We have the following proposal

Proposal 1: Option 2, Clarify that X-dB threshold only applies to PUSCH, is adopted

In the following appendix, we provide the corresponding change request for both RAN1 and RAN4 specification.

Appendix 1: RAN 1 38. 213 Change Request
************************************ start of text proposal for 213 ***********************************







If a UE is configured with , where  is the linear value of ,  is the linear value of , and  is the linear value of a configured maximum transmission power for EN-DC operation as defined in [8-3, TS 38.101-3] for frequency range 1, the UE determines a transmission power on the SCG as follows.
-	If the UE is configured with reference TDD configuration for E-UTRA (by higher layer parameter tdm-PatternConfig-r15 in [13, TS 36.213])
-	If the UE does not indicate a capability for dynamic power sharing between E-UTRA and NR, the UE does not expect to transmit in a slot on the SCG in frequency range 1 when a corresponding subframe on the MCG is an UL subframe in the reference TDD configuration.
-	If the UE indicates a capability for dynamic power sharing between E-UTRA and NR and


-	if the UE transmission(s) in subframe  of the MCG overlap in time with UE transmission(s) in slot  of the SCG in frequency range 1, and


-	if  in any portion of slot  of the SCG, 







	the UE reduces transmission power in any portion of slot  of the SCG so that  in any portion of slot , where  and  are the linear values of the total UE transmission powers in subframe  of the MCG and in slot  of the SCG in frequency range 1, respectively. The UE can drop uplink transmission completely only when SCG(i2) needs to be reduced in order to keep  MCG(i1)+SCG(i2) from exceeding EN-DC_Total in any portion of slot i2, if
· Uplink transmission contains PUCCH or SRS, or
· SCG(i2) needs to be reduced by more than RRC configured parameter XSCALE dB [TS 38.213]

************************************ end of text proposal for 213 ***********************************

Appendix 2: RAN4 38. 101 Change Request, based on [5]
************************************ start of text proposal for 101 ***********************************

a= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) ] > P_EN-DC_Total
b= 10 log10 [pCMAX_ E-UTRA,c (p) +pCMAX,f,c,NR (q) /X_scale] > P_EN-DC_Total 
If a= FALSE
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q)], PEMAX, EN-DC ,PPowerClass, EN-DC}
ELSE If (a=TRUE) AND (b=FALSE) AND (Uplink transmission contains only PUSCH)
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) + pCMAX L,f,c,,NR c(q) /X_scale ], PEMAX, EN-DC ,PPowerClass, EN-DC}
OTHERWISE
ELSE If b= TRUE
PCMAX_ EN-DC _L(p,q) = MIN {10 log10 [pCMAX L _ E-UTRA,c (p) ], PEMAX, EN-DC ,PPowerClass, EN-DC}


************************************ end of text proposal for 101 ***********************************
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