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1 Background

The issue of phase discontinuity for EN-DC was brought up at RAN discussing the discrepancy between RAN1 and RAN4 power control decisions [1]. This pertained to LTE timeline and A-MPR calculation (for intra-band); the phase discontinuity identified as particular issue for single-PA implementations regardless of the A-MPR. This is illustrated in Figure 1 that is borrowed from [1]: there may be a phase coherence issue when the (single) PA output power is changed as the NR PUSCH is scheduled in the second slot of the LTE subframe. The phase discontinuity can be either due to PA non-linearity (e.g. AM/PM) or PA bias changes.
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Figure 1: phase discontinuity when the NR PUSCH is added in the second slot of the LTE subframe [1].

RAN1 then discussed the matter and RAN4 subsequently received an LS [2] with the following 
Agreement:
UE capability signalling 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.

RAN4 then discussed the following options in case of a phase discontinuity and UE cannot handle it [3]

· 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.
RAN4 did not conclude. Starting with Option 2 we note that the EVM requirement for intra-band EN-DC specified in 38.101-3 is not verified with simultaneous transmission: when the EVM is measured on a CG the other is active but not allocated. Hence there can be no exception or error case in accordance with Option 1 unless RAN4 specifies an additional requirement as per Option 3. 

The impact of the phase discontinuity is on the eNB/gNB demodulation performance. In this contribution we present UL demodulation performance under the impact of the phase discontinuity generated by the PA non-linerarity. We also measure the UE EVM. It is interesting to note that the phase discontinuity issue has been discussed at length by RAN4 in the past, a problem also for WCDMA, but requirements have never been specified. HS still works for WCDMA
2 BS demodulation performance and EVM impact 

An indication of the impact of phase discontinuity can be obtained by simulating an intra-band contiguous EN-DC case with a 10 + 10 MHz carrier assignment and 50 PRB fixed PUSCH allocation on each CG. We assume a UE architecture with as single PA and a common IFFT. The PA is calibrated to achieve 22 dBm output power at a full 20 MHz LTE single-carrier case (MPR = 1 dB). 

For the uplink we consider two different MCS of high order, MCS index 18 and 24 in accordance with Table 6.1.4.1-1 in 38.214 (64QAM). The simulation is set up such that a full sub-frame LTE CG PUSCH is allocated (50 PRB) and an NR CG (50 PRB) is allocated in the second LTE slot at the same transmit PSD similar to the first subframe in Figure 1. This means that the total PA power increases by 3 dB in the second LTE slot.
We only consider the impact of the PA non-lineaarity (e.g. AM/PM), the bias is not changed but we apply different back-off of the total transmitted power. In the following figures there are three cases
1. Aggressor active ratio = 0, only LTE transmission, the NR CG not allocated

2. Aggressor active ratio = 0.5, the NR CG is allocated in the second slot

3. Aggressor active ratio = 1, the NR CG is allocated in both LTE slots
The second case is the phase-discontinuity error case, the third allows us to relate this to the impact of an increase of the total power for a case in which the PA power does not change during the LTE subframe.
Figure 2 shows the UL throughput on the LTE CG as a function of the LTE UL SNR for PA_backoff = 0 dB. For case 1 above this means full power for the LTE signal, whereas for case 2 and 3 it means full power of the combined signal.
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Figure 2: LTE UL throughput for PA_backoff = 0 dB.

We note that there is a significant impact due to the phase discontinuity (case 2, aggressor ratio 0.5) at full power for both MCS indices.
It is interesting to look at the corresponding EVM results in Figure 3 that displays the UE EVM recorded at each UL SNR. The EVM is around 15% for case 2 and the variance large. For the other cases without power changes within the LTE, around 8-9%, which is still well above the minimum requirement for 64QAM. Power back-off is also needed in the latter cases.
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Figure 3: UL EVM for PA_backoff = 0 dB.
Let us therefore increase the total backoff. Figure 4 shows the UL throughput on the LTE CG as a function of the LTE UL SNR for PA_backoff = 3 dB and PA_backoff = 10 dB. In the former case there is less than 10% reduction at higher SNR for case 2 and MCS index 24 but none for MCS index 18, whereas there is no impact in the latter when the PA operates in a more linear region. The corresponding UE EVM is shown in Figure 5. We note that the EVM is less than 3.2% in all cases except for case 2 and 3 dB back-off (then 3.8%), more similar to the minimum requirements for 64QAM LTE operation. 
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Figure 4: LTE UL throughput for PA_backoff = 3 dB and PA_backoff = 10 dB.
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Figure 5: UE EVM for PA_backoff = 3 dB and PA_backoff = 10 dB.

The results indicate a modest impact of phase discontinuity when the PA is operated at A-MPR levels that are needed for 64QAM stand-alone operation anyway. Indeed, there is an impact of phase discontinuity if the PA is driven towards its full power at no back-off. Does this mean that a capability bit for phase discontinuity is needed? 
We have not considered phase changes due to bias switches, but only note that phase compensation exists. 
3 Proposal
It is proposed that 

1. a specific capability for phase discontinuity is not introduced
2. any capability should be tied to functional charcteristics associated with intra-band combinations (e.g. supported by a single PA)  
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