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1 Introduction
WF [1] was approved in RAN4#91 meeting, transient period UE capability is not introduced in Rel-15, further study will be continued in Rel-16.
In Rel-15, 10us transient period is also defined for frequency hopping. Meanwhile, blanked symbol was defined in time mask when transient period is required on both sides of one symbol for highest SCS. Considering frequency hopping within one TTI, it is argued that the blanked symbol may cause data loss. The blanked symbol motivates the discussion of transient period capability.
This paper provides analysis on transient period for frequency hopping and transient period UE capability.

2 Discussion
2.1 Transient period for frequency hopping and Blanked symbol for highest SCS
For frequency hopping, transient period is defined symmetrically shared. It actually also comes from power change, because RB position change may cause MPR/AMPR change.
In the current spec, blanked symbol defined for highest SCS is as below:
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Figure 6.3.3.9-3: Consecutive short subslot (1 symbol gap) time mask for the case when transient period is required on both sides of the symbol and when 60 kHz SCS is used in FR1

In figure 1, we provide an example case for transient period is required on both sides of the symbol. For symbol A2, transient period is on both sides.
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Fig 1. Symbol A2 is Blanked by UE, all transient period is placed on Symbol A2
In [2], it is raised that if Symbol A2 is regarded as the transient period, then no RF requirement is ensured on symbol A2. With 10us transient period definition in the current spec, the gNB may give up demodulate this symbol. Since symbol A1 and symbol A2 are hopping relation and scheduled as one block, symbol A1 demodulation would be also impacted.

As we all know, power transition on PA may cause phase rotation. For the power change in frequency hopping, it may also cause the phase rotation which can be up to 30-40 degrees. For NR, DMRS can be configured front ended, gNB cannot use the DMRS before hopping to do the channel evaluation on the symbols after the hopping if phase shift exists. The PUSCH DMRS configuration for frequency hopping enabled can be seen as below:
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In TS 38.214, it also clarifies that: For PUSCH mapping type A, frequency hopping is not allowed for symbols ≤7, so it is not the case for blanked symbol in Fig1. For PUSCH mapping type B, frequency hopping is even allowed for 1 symbol per hop. This scenario actually requires for huge overhead on DMRS, and limited demodulation performance owning to channel evaluation only based on 1 DMRS.
In demod session, it is required to compare the demodulation performance based on 1 DMRS and 2 DMRS respectively. We can image that 2 DMRS will reach better demodulation performance since gNB can adopt interpolation processing with additional DMRS. While for frequency hopping with phase rotation, even 2 DMRS is provided before and after the hopping point, gNB only can use 1 DMRS for channel evaluation per hop. In addition, the gNB actually don’t have the information on whether there is phase shift on the current power change for each UE, it will cause much RS overhead and demod performance loss.

However, RAN4 defines Pcmax exclusively for frequency hopping, which is described as below:

	For each TREF, the PCMAX,L,c for serving cell c are evaluated per Teval and given by the minimum  value taken over the transmission(s) within the Teval; the minimum PCMAX_L,f,c over one or more Teval is then applied for the entire TREF
Table 6.2.4-1: Evaluation and reference periods for Pcmax

TREF
Teval
Teval with frequency hopping
Physical channel length
Physical channel length
Min(Tno_hopping, Physical Channel Length)



Since Minimum PCMAX_L,f,c over one or more Teval is then applied for the entire TREF, the worse MPR/AMPR can be adopted and the same output power will be transmitted on the symbols before and after hopping. 

To improve the gNB demodulation performance and simplify the configuration on DMRS, we propose to remove definition of transient period for frequency/RB hopping case.
Proposal 1: the transient period defined for frequency/RB hopping shall be removed from TS 38.101.
If RAN4 decides that transient period is not allowed for frequency/RB hopping, the case on blanked symbol is resolved, which means there is no use case on “transient period is required on both sides of the symbol”. It means UE do not need the blanked symbol for highest SCS even with the 10us transient period kept in the spec.
Observation 1: there is no use case of “transient period is required on both sides of the symbol” if transient period for frequency/RB hopping is removed from RAN4 spec.
For PUSCH type B, when only 2 symbols scheduled for PUSCH and frequency hopping is configured, it is also raised in [3] that, Blanked symbol can be scheduled by the gNB additionally which is positioned between symbol A2 and symbol A3, it can be seen in Fig 2. The gNB do not schedule transmission for the UE during the 1 symbol gap.
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Fig 2 Blanked symbol is scheduled by the gNB additionally which is positioned between symbol A2 and symbol A3
We think case in Fig2 is what the current spec exactly mean, because blanked symbol is descried separately with the two short subslot in the spec. For the concern from network side that gNB do not know exactly when UE need a transient period in practice since UE decide the Pcmax on itself, gNB do not know the real Pcmax UE choose. But actually, gNB can always assume the worst case on MPR/AMPR for UE, and always schedule Blanked symbol for UE to have the transient period. This Blanked symbol also can be scheduled to other UEs to do the transmission.
2.2 Transient period UE capability based on EVM
From the perspective of improving gNB demod performance when transient period exists, RAN4 have agreement to take EVM as the metric on transient period. [4] provides the EVM measurement results with power change. The RMS EVM over 1 subframe/slot with transient period on the first symbol is measured with different exclusion window. We copy it as below, it is clear that EVM​L boosts on the first symbol:
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Fig 3 EVM measurement from [4](left: no exclusion right: 2us exclusion)
It is familiar to us that LTE on-on power transient period is symmetrically shared for the subframe/slot boundary, as shown in Fig3, only half of the transient period on the second subframe is provided. It is expected that the other half transient period is on the previous subframe, in which the transient period is on the last symbol. Assuming the half transient period on each subframe is the same as 2us, it is at least 4us transient period on the subframe/slot boundary. Considering 2us margin, we can see at least 5-6us transient period for LTE phone in [4]. 
Observation 2: from contribution [4], it is shown there is at least 5-6us transient period for this LTE phone.
For LTE 20MHz channel bandwidth, the transient period with EVM metric is not so critical compared with NR 100MHz. Considering more convergence time on DPD with large channel bandwidth and APT/ET switching, we can see the challenge for 5us transient period on NR. For NR transient period UE capability discussion, we need to focus on the condition and characteristic of NR, even with 5us transient period, we cannot expect the same improvement as in LTE since 5us is already exceeding the CP with 30/60kHz SCS.
Observation 3: Considering more convergence time on DPD with larger channel bandwidth or NR and APT/ET switching time, NR transient period with EVM metric is much more critical than LTE.
We also copy the EVM measurement framework from TS 38.101-1, it shows that exclusion window is only applicable for DFT-s-OFDM, since the modulated OS for CP-OFDM is directly mapping to subcarrier on frequency domain. Removing any exclusion window in time domain will destroy the data on each RE.
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Figure F.1-1: EVM measurement points.





Observation 4: The current test procedure for EVM with power change is not applied for CP-OFDM, since the modulated OS for CP-OFDM is directly mapping to subcarrier on frequency domain.

2.3 Whether gNB get demodulation improvement by transient period UE capability

According to our analysis, there is actually no demodulation improvement on gNB side by UE reports transient period UE capability. The reason is summarized as follow:
· Similar with TE analysis, gNB cannot puncture the sampling points on time domain since modulated OS for CP-OFDM is directly mapping to subcarrier on frequency domain. Removing any exclusion window in time unit will destroy the data on each RE.
· It is common understanding that DFT-s-OFDM is used for the cell edge to improve the uplink coverage, while the SNR requirement is low in nature. For DFT-s-OFDM, puncturing can get little improvement on demod. Assume SNR=15dB is enough for gNB on demod for DFT-s-OFDM case, then it is useless that puncturing increase the signal SNR from 18dB(12.5% EVM) to 19dB(the 1dB gain comes from simulation data in[5]).
· CP-OFDM is used for the cell centre and high modulation order case, but gNB cannot puncture the sampling points on time domain. Even gNB can use the magic algorithm(not exist) to puncture without destroying other sampling points, with relative high data rate, the performance gain would be limited because the coding redundancy is limited.
Observation 5: gNB cannot get demodulation improvement by transient period UE capability, puncture algorithm is not applicable for CP-OFDM which actually requires for high SNR.

Proposal 2: RAN4 do not introduce UE capability on transient period in Rel-16.
3 Conclusion

In this contribution we discussed on the open issues on transient period, according to the analysis, we have the following observations and proposals:
Proposal 1: the transient period defined for frequency/RB hopping shall be removed from TS 38.101.
Observation 1: there is no use case of “transient period is required on both sides of the symbol” if transient period for frequency/RB hopping is removed from RAN4 spec.

Observation 2: from contribution [4], it is shown there is at least 5-6us transient period for this LTE phone.
Observation 3: Considering more convergence time on DPD with larger channel bandwidth or NR and APT/ET switching time, NR transient period with EVM metric is much more critical than LTE.

Observation 4: The current test procedure for EVM with power change is not applied for CP-OFDM, since the modulated OS for CP-OFDM is directly mapping to subcarrier on frequency domain.

Observation 5: gNB cannot get demodulation improvement by transient period UE capability, puncture algorithm is not applicable for CP-OFDM which actually requires for high SNR.

Proposal 2: RAN4 do not introduce UE capability on transient period in Rel-16.
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