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1	Introduction
In [1], we pointed out that current RAN1 design has not considered real implementation perspective where a single PA reference architecture is a quite practical choice for an intra-band EN-DC implementation. 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.
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Figure 1. Practical scenarios of phase discontinuity in an intra-band EN-DC operation with a single PA


This issue also was discussed in RAN1#94 and it was agreed that a UE capability will be introduced to address a phase discontinuity issue in intra-band EN-DC with a single PA implementation [2]. The detail agreements are copied below.

	Agreement:
UE capability signaling that indicates per band per band combination whether the UE can handle (motivated by impacts of PA phase discontinuity) cases with overlapping transmissions with non-aligned starting or ending times or hop boundaries across carriers is beneficial and is introduced.
· Only applicable to intra-band EN-DC, intra-band CA, FDM-based ULSUP (UL Sharing from UE Perspective)
· Note: Normal UE behaviour is assumed when the UE does not indicate the lack of this capability through the capability signalling or when the capability is not applicable
· RAN4 to determine whether a UE that cannot handle such cases needs different performance requirements or whether these cases are treated as error cases.
· For intra-band EN-DC and FDM-based ULSUP, whether the capability is applicable also when NR is operated with different numerology than LTE should be determined in RAN4
· RAN4 to determine in which bands, in which band-combinations (including in which bands in the band-combination) the capability is applicable 
· Note: This is not intended to change other UE capabilities and minimum performance requirements related to the number of antennas and PAs as per the RAN4 requirements.

Agreement:
A UE is not expected to be configured with sTTI and/or shortened processing time operation on a carrier that is part of an EN-DC configuration in Rel-15.



In this paper, we discuss the implication of a phase error and its impact on system performance roughly. We also propose options RAN4 could take for the next step.
2	Discussion
Phase error and system performance – A quick analysis
The table 1 shows phase error and corresponding EVM based on rule of thumb formula. From the table, we quickly estimate a system performance impact caused by a phase error.

	Phase Error (deg)
	EVM (%)

	1
	1.7

	2
	3.5

	3
	5.2

	4
	7.0


Table 1. Phase error and corresponding error vector magnitude (EVM)


Let’s assume practical UE needs to operate with ~2.5% and ~5% EVM to support 256 QAM and 64 QAM, respectively. From the Table 1, 1 – 2 degree of phase error already generates EVM larger than 2.5% and precludes 256 QAM option and will experience ~25% throughput loss compared to idle (zero) phase error situation. Similarly, 3 – 4 degree of phase error would sufficiently remove 64 QAM support on the table and would have ~ 50 % throughput loss.
From this quick analysis, only very small amount of phase error (less than 1%) could be acceptable for higher modulation support. We even didn’t include amplitude error in the analysis due to power changes. 

Observation 1: Only very small amount of phase error (less than 1%) is acceptable for system performance and this, keeping very small phase error, is not possible in practical phase discontinuity situation.


UE might be able to compensate the phase discontinuity with baseband information. However, we believe no UE currently on the market does not consider this implementation. Therefore, there no not much UE could do for the phase discontinuity and this could be critical for system performance.

Observation 2: There is not much UE could do for the phase discontinuity issue and this could be critical for system performance.


Currently two intra-band EN-DC combinations have been introduced in RAN4 and only DC_(n)71B is applicable of this discussion as a single PA is the reference architecture for that band combination.
Regarding intra-band EN-DC power sharing discussion, we have a separate paper [3] to share our view.


UE capability to handle a phase discontinuity issue
In this discussion, we only limit the scope to intra-band EN-DC, intra-band CA, and FDM-based ULSUP with a single PA architecture where a phase discontinuity issue is critical.

From RAN4 perspective, there could be a few options to address this issue. 
First, in case of a phase discontinuity, UE declares error case and the UE behavior is not defined which means behavior is up to the UE, i.e. drop NR. However, this could be waist of radio resources and network vendors might have a concern on this option. Alternatively, solution could come from network scheduling perspective where configuration should avoid a phase discontinuity situations illustrated in figure 1.
Another option we can consider would be allowing exception for performance requirement in case of a phase discontinuity. Figure 2 illustrates EN-DC with a phase discontinuity in the middle of NR long PUCCH due to frequency hopping in LTE.



Figure 2. A phase discontinuity case in the middle of NR due to frequency hopping in LTE.


The last option could be defining an additional requirement for the case of phase discontinuity so that UE needs to meet the additional requirement in case of a phase discontinuity. This option would need RAN1 spec revision.

Below are the options we discussed in this paper: In case of a phase discontinuity and UE cannot handle it 
· Option 1: Declare error case and UE behavior is not defined. gNB could be scheduling the UE to avoid a phase discontinuity in case of the UE declare it cannot handle the phase discontinuity.
· Option 2: Allow an exception to meet the existing performance requirement in case of a phase discontinuity.
· Option 3: Define an additional performance requirement for UE for the case of a phase discontinuity.
 

We think option 1 is the best approach for the network performance as gNB could handle UE not to drop NR.

Observation 3: Option 1 would be the best approach for the network performance as gNB could handle UE not to drop NR.

Proposal 1: RAN4 decide either option 1 for the case of a phase discontinuity in intra-band EN-DC, intra-band CA, or FDM-based ULSUP with a single PA reference architecture.


For the same numerology between LTE and NR, the phase discontinuity even with LTE and NR transmission boundaries are aligned where NR power change in the middle of LTE transmission. This scenarios are illustrated in figure 1 (a) and (b). It is clear that UE would experience a phase discontinuity in intra-band EN-DC or FDM-based ULSUP with different numerologies between LTE and NR. 

It is our understanding the capability should be applicable for this case as well. Note that RAN4 had decided that only 15 kHz SCS will be used for DC_(n)71B for both LTE and NR.

Proposal 2: For intra-band EN-DC or FDM-based ULSUP, the capability is applicable when NR is operated even with the same numerology as LTE.

3	Conclusions
In this paper, we made the following observations and proposals.

Observation 1: Only very small amount of phase error (less than 1%) is acceptable for system performance and this, keeping very small phase error, is not possible in practical phase discontinuity situation.

Observation 2: There is not much UE could do for the phase discontinuity issue and this could be critical for system performance.

Observation 3: Option 1 would be the best approach for the network performance as gNB could handle UE not to drop NR.

Proposal 1: RAN4 decide either option 1 or option 2 for the case of a phase discontinuity in intra-band EN-DC, intra-band CA, or FDM-based ULSUP with a single PA reference architecture.

Proposal 2: For intra-band EN-DC or FDM-based ULSUP, the capability is applicable when NR is operated even with the same numerology as LTE.
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