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1	Introduction
Reply LS [1] from RAN1 asked RAN4 to clarify some questions and to provide further information. This paper shows our views. In addition, we discuss a phase discontinuity which is very important issue to be addressed in a single PA reference architecture in intra-band EN-DC.
2	Discussion
Phase discontinuity issue

Current RAN4 requirements for intra-band EN-DC, i.e. DC_(n)71, is based on a single PA reference architecture [2] except DC_(n)41. There are several practical reasons for the decision:
Band 71 is a low band which requires larger size of antenna in a limited form factor footprint. With 2-PA/2-ANT architecture, a power imbalance and antenna gain difference between two antennas can be serious problems in real implementation [3]. 
From A-MPR evaluation point of view, RAN4 could not reach to an agreement how to model a reverse IM in 2-PA architecture.
From the given rationales, 1-PA architecture is a quite practical yet de facto unique choice from implementation and minimum requirement perspective, while 2-PA architecture is still available for another choice. It is important to have an implementation flexibility so that OEM could choose one of architectures depending on an application or a market demand.

Observation 1: 1-PA architecture is a quite practical from implementation yet de facto unique choice from defining minimum requirements perspective, while 2-PA architecture is still available for another choice.

Observation 2: It is important to have an implementation flexibility to choose either 1-PA or 2-PA architecture depending on an application or a market demand.


However, we have noticed that the current RAN1 design has not considered real implementation perspective which are given above. Under current design, an intra-band EN-DC implementation with 1-PA has some additional design considerations due to a phase discontinuity issue. In case of an intra-band EN-DC operation with a single PA, power changes for both LTE and NR mean potentially switching to a different PA biasing point and/or mode, which could cause different phases for both signals. The practical scenarios are illustrated in figure 1. Similarly, resource block allocation change would have the issue as well.

Observation 3: A single PA architecture implementation has some additional design considerations under current RAN1 design due to a phase discontinuity.
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Figure 1. Practical scenarios of phase discontinuity in an intra-band EN-DC operation with a single PA


Considering 1-PA architecture is a quite practical implementation yet de facto unique choice for minimum requirements, a phase discontinuity needs to be addressed in RAN1 design. Also there is no requirements on NR power in the given practical scenarios. We believe the issue could be well resolved in RAN1 but to address the cases in RAN4, NR power dropping should be specified in RAN4 specification.

Proposal 1: RAN1 needs to address the real world situation in their design and provide a solution for a single PA architecture in intra-band EN-DC operation.

Proposal 2: Send LS to RAN1 that a phase discontinuity in the practical scenarios in intra-band EN-DC with a single PA needs to be resolved in RAN1 specification.

Proposal 3: NR power dropping should be specified in RAN4 specification in case of the phase discontinuity situations.


Equal PSD and equal power backoff

Equal PSD and equal A-MPR/backoff is used to derive A-MPR only. In general operations, PSD between LTE and NR can be different. Equal PSD assumption is used to identify worst cases for emissions within RAN4. Equal A-MPR/backoff can in general maintain both LTE and NR link. RAN1’s power sharing to prioritize LTE power can lead significant power drop in NR in some cases and leads NR link failure. In these cases, Network can simply schedule TDM-ed LTE and NR using MPR instead of using A-MPR. 


LTE/NR processing timeline issue

Equal PSD and equal power backoff (A-MPR) for type 1 UE is based on RAN4 assumption that both LTE and NR know each other’s allocations. But due to timeline issue, LTE does not always know NR’s allocations. If RAN1 has decided to not change RAN1 spec to align LTE and NR timeline, when LTE does not know NR when it begins to prepare LTE transmissions, we propose the following scheme.

Proposal 4: When LTE does not know NR due to timeline issue for type 1 UE, LTE uses LTE MPR by assuming no NR transmission, and NR can have two choices 
0. LTE in high power transmission: LTE uses LTE MPR and NR knows LTE is transmitting in high power, NR is simply to drop its transmission or network simply does not schedule NR transmissions in LTE high transmission power cases or network schedules TDM transmission between LTE and NR (no LTE and NR scheduled simultaneously).
0.  LTE in lower power transmission: it is possible to have concurrent LTE and NR transmissions without A-MPR needed. But phase discontinuity issue raised in first part of paper has to be addressed for 1PA architecture. The exact value to differentiate high and low LTE transmission power is still need to be determined.  

3	Conclusions
In this paper, we showed our views on a phase discontinuity, power sharing assumption, and LTE/NR processing timeline. The following observations and proposals were made.

Observation 1: 1-PA architecture is a quite practical from implementation yet de facto unique choice from defining minimum requirements perspective, while 2-PA architecture is still available for another choice.

Observation 2: It is important to have an implementation flexibility to choose either 1-PA or 2-PA architecture depending on an application or a market demand.
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Observation 3: A single PA architecture implementation has some additional design considerations under current RAN1 design due to a phase discontinuity.

Proposal 1: RAN1 needs to address the real world situation in their design and provide a solution for a single PA architecture in intra-band EN-DC operation.

Proposal 2: Send LS to RAN1 that a phase discontinuity in the practical scenarios in intra-band EN-DC with a single PA needs to be resolved in RAN1 specification.

Proposal 3: NR power dropping should be specified in RAN4 specification in case of the phase discontinuity situations.

Proposal 4: When LTE does not know NR due to timeline issue for type 1 UE, LTE uses LTE MPR by assuming no NR transmission, and NR can have two choices 
a. LTE in high power transmission: LTE uses LTE MPR and NR knows LTE is transmitting in high power, NR is simply to drop its transmission or network simply does not schedule NR transmissions in LTE high transmission power cases or network schedules TDM transmission between LTE and NR (no LTE and NR scheduled simultaneously).
b.  LTE in lower power transmission: it is possible to have concurrent LTE and NR transmissions without A-MPR needed. But phase discontinuity issue raised in first part of paper has to be addressed for 1PA architecture. The exact value to differentiate high and low LTE transmission power is still need to be determined.  
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