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1. Introduction
This contribution is the study related to reply RAN1 LS R1-1703782 “LS on transient period for NR”. 
2. Discussion
2.1 Background
In LS R1-1703782, RAN1 asked RAN4 the following questions, 
RAN1 asks RAN4 to study transient period (including feasible values especially the one(s) smaller than that of LTE) considering uplink transmission in the short-duration.

RAN1 also asks RAN4 whether or not the transient period(s) relates to transmission characteristics e.g., bandwidth and frequency location in a bandwidth, PSD, frequency-hopping during the transmission, carrier frequency.

In our understanding, transient period discussion should include two parts, Sub-6GHz and mmWave (currently above 24 GHz in RAN4). For sub-6GHz, the discussion would be if there could be any improvement compared with LTE. For mmWave bands, new discussion should be made what’s the expectation of the performance.
2.2 Symbol length consideration
For OFDM modulation, the useful symbol duration is 1/(subcarrier spacing). If we assume the same CP ratio as LTE, i.e. 144/2048, the table 1 results can be derived. The table uses FFT size 4096 as an example, but please note the symbol duration is only related to subcarrier spacing no matter the FFT size, i.e. if Fs and the FFT size increase at the same time, that will lead to the same subcarrier spacing and thus the same symbol duration. Table 1 takes 4096 FFT size as an example.
Table 1: Subcarrier spacing and symbol duration
	Fs (MHz)
	FFT size 
	CP size
	Subcarrier spacing (kHz)
	Useful symbol duration (us)
	CP length (us)
	Symbol duration with CP (us)

	61.44
	4096
	288
	15
	66.7 
	4.7 
	71.4 

	122.88
	4096
	288
	30
	33.3 
	2.3 
	35.7 

	245.76
	4096
	288
	60
	16.7 
	1.2 
	17.8 

	491.52
	4096
	288
	120
	8.3 
	0.6 
	8.9 

	983.04
	4096
	288
	240
	4.2 
	0.3 
	4.5 

	1966.08
	4096
	288
	480
	2.1 
	0.1 
	2.2 


It can be seen from Table 1, if subcarrier spacing is large, the symbol length is short. For example, the 480 kHz subcarrier spacing will lead to 2.2 us symbol length which includes only 0.1 us CP length.

Looking at LTE system, 20 us transient period time occupies more than 20% of the useful symbol time which leads to the first symbol EVM degradation. For the large subcarrier spacing, the less transient period is favorable from system point of view. However, implementation always has capability limitation, some evaluation and consideration are provided as following.
2.3 UE feasible transient period
2.3.1 Sub-6GHz
For Sub-6GHz implementation, there is not much room to have large improvement. The most time consuming component to ramping is PA and LNA. The theory pure time for PA and LNA from switching to a stable status is 10 us more or less, but there should be some other time like component configuration time, hardware on-ideal aspects. When there’re several CCs in carrier aggregation mode, the configuration could be serial which consumes more time than single carrier. Thus leads to long time non-stable output. Therefore, we would like to using the 20 us transient period as the starting point for sub-6GHz. If there’s strong request to decrease it from system point of view, more discussion and evaluation should be done to reach another value. 
Observation 1: 20 us transient period is suggested to be the starting point for sub-6GHz. If it can be improved needs more discussion.
2.3.2 mmWave
For mmWave, the hardware ramp up/off time could be much faster than sub-6GHz. 1us could be the mmWave hardware transient time. However, that doesn’t mean UE change to another status in 1 us from receiving the information to being stable because configuration time is still needed. The configuration time for one carrier could be ~ 2 us for hardware from configuring the register, etc to the configuration being effective. Please note this is also the time for one CC, if more CCs are configured, the time could be increased depends on the implementation. The baseband processing time should also be taken into account. Physical layer design should transmit the necessary information long enough before the target TTI. It should also be noticed that the transient period time being discussed here assumes there’s no new beam management happening between the two statuses. 
Observation 2: 1us could be the assumption for mmWave hardware ramping time without any beam management, 2us for hardware configuration is needed for each CC. Sufficient baseband processing should be reserved in the physical layer design.
2.4 Some aspects related to transient period

For the questions related to transmission characteristics impacts e.g., bandwidth and frequency location in a bandwidth, PSD, frequency-hopping during the transmission, carrier frequency, we can discuss each of them.
For the bandwidth and PSD, the two aspects are coupled and related to the total power. If there’s any output power change, for example no change for PSD but BW is changed, or no change for BW but PSD is changed, IF/RF gain change is needed as a result, thus gain configuration is needed for IF/RF part. The transient period in the worst case will be the same performance as analyzed above. If no power change is expected, for example increase the BW but decrease PSD or vise verse, the gain configuration in the RF chain may not be needed. However, small adjustment on the detail link budget may be performed to improve the performance. For example some small gain configuration change to adapt the difference gain performance for BW change, if the gain imbalance could be covered by baseband the transient period could be very fast, but if the gain imbalance is large enough to change the IF/RF part, the transient period will be a little larger.
For frequency hopping, if the assumption is the same center frequency and no total output/input power difference is expected, the transient period would be the same as the above gain imbalance problem. The time depends on how much the gain imbalance and if baseband can compensate it.
If carrier frequency is changed, LO retuning should be considered. ~200 us should be reserved for LO retuning for both sub-6GHz and mmWave.
Observation 3a: If large power change is expected, the worst case estimated transient period is the same as observation 1 and 2. 
Observation 3b: If only frequency hopping with small power imbalance at the frequencies, the transient period performance is expected to be improved compared with power change scenario.
Observation 3c: If center frequency is changed, ~200 us LO retuning time is expected for both sub-6GHz and mmWave.
3. Conclusion
This contribution provides the study of the LS questions from RAN1 on transient period. The following observations are the results of the study.
Observation 1: 20 us transient period is suggested to be the starting point for sub-6GHz. If it can be improved needs more discussion.
Observation 2: 1us could be the assumption for mmWave hardware ramping time without any beam management, 2us for hardware configuration is needed for each CC. Sufficient baseband processing should be reserved in the physical layer design.

Observation 3a: If large power change is expected, the worst case estimated transient period is the same as observation 1 and 2. 
Observation 3b: If only frequency hopping with small power imbalance at the frequencies, the transient period performance is expected to be improved compared with power change scenario.
Observation 3c: If center frequency is changed, ~200us LO retuning time is expected for both sub-6GHz and mmWave.
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