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Introduction
In RAN#74, a new WI is approved for Rel-15 NR work [1]. This WI will cover all requirements related to UE and BS core requirements for NR. 
[bookmark: _GoBack]One of the important issues related to core UE requirement is transient period for UE in mmWave spectrum. In this contribution, we provide our understanding on potential UE transient time requirement for mmWave spectrum.  

RAN1 LS on transient time for NR
RAN1 has sent an LS [4] to RAN4, where two issues have been mentioned, where RAN4 input could be useful.
· “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 this contribution, we discuss the transient time issue which is aimed at forming the RAN4 response to RAN1 on the first question. 
1. UE transient period for NR
For LTE, the requirement related UE transient period is specified as 20us as an exception to the power control and EVM requirements (part of the transient period is for PA ramping) 
In case of NR, different numerologies can be used. There is possibility to use up to 240KHz subcarrier spacing. The resulting timeframe will be as described in the table below.

	Subcarrier spacing
	15 kHz
	30 kHz 
(2x15 kHz)
	60 kHz
(4x15 kHz)
	120 kHz
(8x15 kHz)
	240 kHz
(16x15 kHz)

	Example slot duration
	500 µs
	250 µs
	125 µs
	77.5 µs
	38.75 µs

	OFDM symbol, duration
	66.67 µs
	33.33 µs
	16.67 µs
	8.335 µs
	4.1675 µs

	Cyclic prefix, duration
	4.76 µs
	2.38 µs
	1.19 µs
	0.595 µs
	0.2975 µs

	OFDM symbol including cyclic prefix
	71.43 µs
	35.71 µs
	17.86 µs
	8.93 µs
	4.465 µs



As it is seen in the above table, the mini-slot duration with higher sub-carrier spacing becomes very small compared to EUTRA. As an example, for 120KHz subcarrier spacing, the slot duration is 77.5us. Thus, the ON/OFF transient time in the UE should be very small, else large part of the slot transmissions will be lost. 
In one of our previous contributions [2], we proposed the following transient times for BS:
· ≈ 6 µs 	subcarrier spacing 15 to 30 kHz.
· ≈ 3 µs   	for subcarrier spacing 60 kHz
· ≈ 1 µs	for subcarrier spacing 120 kHz
One possibility could be to adopt these values as a baseline for the UE requirement, if the UE is able to support such transient times. Another possibility could also be to add some margin to the expected transient time for BS, for example, 20% margin for all cases. If the transient periods are specified as exceptions to other core requirements such as the EVM, the required transient durations also depend on the said requirement used in the test case.
With the above proposals, the ratio between slot duration and transient duration is shown below. 
	Subcarrier spacing
	15 kHz
	30 kHz 
(2x15 kHz)
	60 kHz
(4x15 kHz)
	120 kHz
(8x15 kHz)
	240 kHz
(16x15 kHz)

	Transient time proposal
	
6
	7.2
	
6
	7.2
	
3
	3,6
	
1
	1.2
	
1(*)
	1.2

	Ratio between slot duration and transient time
	

12/500
~2.4%
	14.4/500
~2.88%
	

12/250
~4.8%
	14.4/250
~5.76%
	

6/125
~4.8%
	7.6/125
~6.08%
	

2/77.5
~2.58%
	2.4/77.5
~3.1%
	

2/38.75
~5.16%
	2.4/38.75
~6.19%



(*) The analysis in [2] does not cover this case, however, we assume that, transient time requirement could be very similar to 120KHz subcarrier case. 
The above calculations are done assuming ramping up and down time are within the slot duration. There can be design of ON/OFF mask when the ramping up and down can be placed outside the slot duration. 
Conclusion
We have provided some initial transient time requirement with respect to different subcarrier spacing in this paper. The number for the UE has been derived by using the transient time proposals for BS as baseline. 
We understand that, more investigations are needed for finalizing transient time for NR UE. However, the proposals in this paper can be taken as a baseline for further discussions, 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref476840310][bookmark: _Ref477270589][1]	RP-170847, New WID on New Radio Access Technology, NTT DOCOMO, INC
[2]	R4-1700209, Guard period for NR, Ericsson.
[3]	R4-1703851, Reply LS to RAN1 on transient period for NR, Ericsson.
[4]	R1-1703782, LS on transient period for NR.

	3/3	
