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1
Introduction
RAN Plenary approved a new WID at the June Plenary for a 29 dBm UE Power Class for LTE and NR Bands 41 and n41[1]. The WID included the following objectives:
•
Develop a new feature to enable single component carrier UL operation (no CA) for LTE Band 41 and NR n41 UE Power Class x (29 dBm) to be utilized for LTE-NR Dual Connectivity, LTE 2x2 non-coherent UL MIMO, and NR 2x2 non-coherent UL MIMO

•
Decide on a new UE Power Class number for UE Tx power level of 29dBm (x is a placeholder the new power class)

•
Develop UE requirements, including Tx power tolerance, MPR, A-MPR, IBE and ACLR for Power Class x.   Improvements to A-MPR/MPR for 26 dBm n41 and B41/n41 EN-DC are in scope.

•
Develop UE Tx duty cycle requirements sufficient to prevent exceeding local regulatory limits such as FCC SAR based on RAN4-approved WF document R4-1805776

•
Assess the impact on eNode B blocking requirements required to support a 29 dBm UE power class. 

•
Assess the impact on Band 7, n7, 38 and n38 related to a 29 dBm UE power class

•
Compatibility of LTE Band 41 networks and NR n41 networks with the maximum power of 23 dBm (UE Power Class 3) and 26 dBm (UE Power Class 2) is to be considered.

•
26 dBm per antenna with UE transmissions of 29 dBm from a single antenna is precluded

•
Regulatory issues related to the use of 29 dBm HPUE capable devices when roaming and/or p-max is not present shall be addressed.

Because in some scenarios significant A-MPR is required for 26 dBm HPUE, it was decided that the initial focus of this WID during RAN4#88 should be on improvements to A-MPR/MPR for 26 dBm n41 and B41/n41 EN-DC. This document is meant to initiate that process. 
2
Discussions
2.1
Current progress on A-MPR improvements

At RAN #80 concerns were raised about a discrepancy between RAN1 and RAN4 related to power control decisions [2]. That led to RAN1 e-mail discussions of the issue and drafting a reply LS from RAN1 to RAN4 on the subject. 

Given the conclusions of the RAN1 discussions, Sprint has been focusing on how to bring B41/n41 EN-DC A-MPR in line with RAN1 assumptions [3]
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[4].  
2.2
Potential improvements for B41-n41 EN-DC A-MPR

The A-MPR for Band 41/n41 ENDC in non-contiguous DC_41A_n41A and contiguous DC_(n)41A was wrapped up rather hastily at the May RAN4 meeting, so there were some sub-optimal compromises made. For instance, A-MPR for Type 2 (not capable of dynamic power sharing) UEs is based on worst case frequency-domain allocations for the both the own RAT and the other RAT, even though the modem knows the precise allocations of the own RAT. Considering the actual frequency-domain allocations should reduce the amount of A-MPR required for many allocations. 
Observation 1: For Type 2 UEs, A-MPR for Band 41/n41 A-MPR could be reduced by considering actual own RAT frequency-domain allocations instead of worst case assumptions.

For Type 1 UEs, the frequency-domain allocations could be considered for both transmissions, further reducing A-MPR for many allocation combinations.

Observation 2: For Type 1 UEs, A-MPR for Band 41/n41 A-MPR could be reduced by considering actual frequency-domain allocations from both RATs, instead of worst case assumptions. Also, because of the amount of data available, conservative values were chosen for A-MPR. Further study and measurements could enable more aggressive A-MPR

Observation 3: Further measurements and study could enable lower A-MPR allowances.

2.3
UL MIMO

Another consideration related to A-MPR for a 29 dBm HPUE is that EN-DC is only one use case. The other two are LTE Band 41uplink MIMO and n41 uplink MIMO. 29 dBm HPUE will be useful to improve the coverage of standalone LTE or NR with uplink MIMO. NR 29 dBm UL MIMO is a higher priority for Sprint than LTE 19 dBm LTE UL MIMO. In the case of uplink MIMO, since both PAs and antennas will transmit in the same frequency range it is assumed that the reverse IMD problems won’t be as significant as in EN-DC. 
Observation 4: A-MPR for UL MIMO should be less than A-MPR for EN-DC.

However, an open question is if the existing simulation tools are capable of performing A-MPR simulations for UL MIMO, or if measurement will be required like they were for intra-band EN-DC.
Question 1: Are simulation tools capable of simulating uplink MIMO, or will measurements be required like they are for intra-band EN-DC?
2.4
Decide on a new UE Power Class number for UE Tx power level of 29 dBm 
One of the bullets in the WID is “Decide on a new UE Power Class number for UE Tx power level of 29 dBm (x is a placeholder the new power class).” Since the new 29 dBm power class will be between Power Class 1 and Power Class 2 we are not sure what to call it. As mentioned in the WID, PCx was just a placeholder. Should it be Power Class 1.5? Power Class 29? Power Class 7?  In keeping with the current notation, we propose Power Class 7. 
Proposal 1: The new 29 dBm Power class will be known as Power Class 7. 
2.5
Next Steps for RAN4 #88bis 
Request interested parties to bring in simulations (if possible) or measurements (if necessary) for 29 dBm UL MIMO for NR. 
Proposal 2: Interested parties encouraged to bring in simulations (if possible) or measurements (if necessary) for 29 dBm UL MIMO for NR.

Also, RAN4 should identify current scenarios when no A-MPR is needed for 26 dBm EN-DC.

Proposal 3: Interested parties encouraged to identify current scenarios when no A-MPR is needed for 26 dBm EN-DC.

Our understanding is that previous B41/n41 A-MPR measurements only went up to 23 dBm + 23 dBm. For cases where 0 dB A-MPR was required, it would be interesting to see measurement results for up to 26 dBm + 26 dBm. 

Proposal 4: Interested parties encouraged to bring in measurements for up to 26 dBm + 26 dBm, concentrating on scenarios where little or no A-MPR was required for 23 dBm + 23 dBm.

Since A-MPR for dynamic power sharing capable UEs is still being ironed out at RAN4 #88, it would have been difficult to bring A-MPR improvements to this meeting. Interested parties should be encouraged to bring proposals for n41 and B41/n41 EN-DC A-MPR improvements For RAN4 #88bis. 

Proposal 5: Interested parties encouraged to bring proposals for n41 and B41/n41 EN-DC A-MPR improvements For RAN4 #88bis.

3
Conclusions 

In this contribution 
Observation 1: For Type 2 UEs, A-MPR for Band 41/n41 A-MPR could be reduced by using actual own RAT frequency-domain allocations instead of worst case assumptions.

Observation 2: For Type 1 UEs, A-MPR for Band 41/n41 A-MPR could be reduced by considering actual frequency-domain allocations from both RATs, instead of worst case assumptions.

Observation 3: Further measurements and study could enable less A-MPR.

Observation 4: A-MPR for UL MIMO should be less than A-MPR for EN-DC.

Question 1: Are simulation tools capable of simulating uplink MIMO, or will measurements be required like they are for intra-band EN-DC?
Proposal 1: The new 29 dBm Power class will be known as Power Class 7. 

Proposal 2: Interested parties encouraged to bring in simulations (if possible) or measurements (if necessary) for 29 dBm UL MIMO for NR.

Proposal 3: Interested parties encouraged to identify current scenarios when no A-MPR is needed for 26 dBm EN-DC.
Proposal 4: Interested parties encouraged to bring in measurements for up to 26 dBm + 26 dBm, concentrating on scenarios where little or no A-MPR was required for 23 dBm + 23 dBm.
Proposal 5: Interested parties encouraged to bring proposals for n41 and B41/n41 EN-DC A-MPR improvements For RAN4 #88bis.
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