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1 Introduction
Transient period capability has been discussed in RAN4 for more than 1 year, the motivation comes from the demodulation performance improvement on BS side. During the discussion, it is recognized that transient period is not purely a time period for power change, whether the signal quality (EVM) goes stable is more important for demodulation. Meanwhile, it is also technically raised by some companies that even EVM don’t have an absolute relation with throughput and SNR. 
Since many issues are not technically clear enough from both BS and UE side, RAN4 already agrees not to introduce transient period capability in Rel-15 in WF[1].
This paper provides analysis on transient period capability, and also provides solution to improve demodulation performance on BS side without introducing transient period capability. 
2 Discussion
2.1 Background
Transient period defined for LTE UE is 20us, and 20us+20us transient period is defined for on-on power change. Considering higher SCS is introduced and low latency requirement for NR, RAN4 defines 10us transient period for NR FR1. It raises new requirement on RF component and represents improvement of analog technology these years.
Power change procedure is actually the gain adjustment on Tx chain, including RF front end, PMIC and RFIC. We do know power change is coming from the change of electric current and voltage level operated on amplifier with several stages, which is actually related to power management and gain control system. Amplifier on each stage would need time to reach stable and similar situation for power supply. Every part would occupy part of the transient period.
In the current TS 38.101-1, Transient period is defined for power change without any further statement. While in TS 38.521-1, there is no pure test case on measurement the time period. The on/off power verification replaces the transient period test. Since transient period capability discussion is motivated by BS demod performance, how much time period the UE will take for EVM going stable for the power change come into consideration. 
Observation 1: Transient period capability is discussed for NR FR1 on-on power change.
The measurement result of the time period on the average EVM going stable is provided by one company[2]. Power change is configured between 2 subframes, and the average EVM is measured on the second subframe. The test result is as in Fig1, where the left one is with no exclusion window and the right one is with 2us exclusion window. It is clear that EVM​L boosts on the first symbol if no exclusion window.

It is familiar to us that LTE on-on power transient period is symmetrically shared on the subframe boundary, as shown in Fig1, 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/first 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 boundary. Considering 2-3us margin considering the volume production variation, we can see at least 6-7us transient period for LTE phone in [2]. 
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Fig 1 EVM measurement from [2](left: no exclusion right: 2us exclusion)

Observation 2: It is shown there is at least 6-7us transient period for FR1 on-on power change.
RAN4 also have some discussion on EVM with power change testability. In LTE, the default exclusion window is 25us for the EVM test with power change. The exclusion window is removed after IDFT, since LTE only have SC-OFDM in uplink. 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 3: 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.

We summarize the study status in RAN4 on transient period capability from UE side, the UE transient period ability actually is close to the 10us transient period for average EVM. The instant EVM cannot be measured in us level, while the smallest granularity is 1OS. For NR CP-OFDM, the EVM test method cannot exclude sample in time domain. Based on the study status, we need to evaluate whether gNB can utilize the transient period to improve the demodulation performance.
2.2 How gNB utilize the transient period capability
Transient period capability has been discussed in RAN4 for more than 1 year, the motivation comes from the demodulation performance improvement on BS side. The demod performance gain simulation result is provided by only one company[3], and the simulation takes 0us transient period assumption which is impossible for UE. Additionally, link level simulation is adopted which cannot reflects the system performance gain/loss. Furthermore, it is also raised in RAN4 that the demodulation gain cannot be derived for CP-OFDM which is highly used for high order modulation. Therefore, RAN4 cannot sufficiently prove transient period capability can improve demodulation performance on BS side until now.

Observation 4: RAN4 cannot sufficiently prove transient period capability can improve demodulation performance on BS side until now.
In [3], it is also raised that gNB can utilize the transient period capability to puncture the soft values before feed into the decoder. The theory is that the average SNR for the signal could be higher when the data destroyed by transient period is removed. While the precondition is that the coding rate is sufficient for compensating after removing the transient period part. 

In fact it is similar with testability 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. Unfortunately, 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 demodulation. 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[3]).

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 coding rate, the performance gain would be limited because the coding redundancy is limited.
According to our analysis, there is actually no demodulation improvement on gNB side by UE reports transient period UE capability. 

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 1: RAN4 do not introduce UE capability on transient period in Rel-16.
Proposal 2: Since transient period capability cannot improve gNB demodulation performance, RAN4 will have study on other solution to improve it.

2.3 Solution to improve BS demodulation performance
Since NR introduce power control with physical channel level, transmit power could change from symbol to symbol. Similar as LTE, RAN4 also defines transient period for frequency hopping. It actually also comes from power change, because RB position change may cause MPR/AMPR change.
In the current spec, blanked symbol is defined for highest SCS is as below, the blanked symbol only exists in time mask when transient period is required on both sides of one symbol for highest SCS.
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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

It is raised in RAN4 when frequency hopping and power change is happened successively for highest SCS, one blanked symbol will be used for transient period which will have impact on BS demodulation performance. 
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 with short subslot. 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.

Observation 6: Removing transient period for frequency hopping will definitely improve BS demodulation performance. It means the transient period for frequency hopping is 0us.
Proposal 3: The transient period defined for frequency/RB hopping shall be removed from TS 38.101-1, it will improve BS demodulation performance much.
3 Conclusion

In this contribution we discussed on the open issues on transient period capability, according to the analysis, we have the following proposals:
Observation 1: Transient period capability is discussed for NR FR1 on-on power change.

Observation 2: It is shown there is at least 6-7us transient period for FR1 on-on power change.
Observation 3: 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 4: RAN4 cannot sufficiently prove transient period capability can improve demodulation performance on BS side until now.
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 1: RAN4 do not introduce UE capability on transient period in Rel-16.
Proposal 2: Since transient period capability cannot improve gNB demodulation performance, RAN4 will have study on other solution to improve it.

Observation 6: Removing transient period for frequency hopping will definitely improve BS demodulation performance. It means the transient period for frequency hopping is 0us.
Proposal 3: The transient period defined for frequency/RB hopping shall be removed from TS 38.101-1, it will improve BS demodulation performance much.
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