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Background
One of the objectives of the study item is timing aspect applicable to the new spectrum range whether an improved timing is necessary. In this contribution, we evaluate different transient periods in 52.6 – 71 GHz with different subcarrier spacings. While the exact transient period will be decided during WI phase, this contribution provides motivation and/or justification specifying an improved transient time for the new spectrum with higher SCS.
Discussion
In order to support very broad channel bandwidth in 52.6 – 71 GHz spectrum, higher subcarrier spacings have been enabled, i.e,, 480 and 960 kHz. Thus, the impact of transient time will be larger or even critical with these larger subcarrier spacing as the symbol durations are much smaller than NR FR2. Table 1 shows a summary table where how much portion the transient periods would take compared to an OFDM symbol. As an example, 5 uS FR2 UE transient time is corresponding to 60 % of an OFDM symbol duration with 120 kHz SCS. Considering ON-to-OFF and OFF-to-ON power transition scenario, the whole OFDM symbol will be lost and another 20 % of the second symbol will be also affected.
The situation becomes worse with larger SCS in the new spectrum range. If the same same transient periods are kept, i.e., 5 uS for UE and 3 uS for BS, then these are corresponding to 480 % of an OFDM symbol duration, i.e., 2 x 240 % with 5 uS UE transient period assuming 480 kHz SCS, which means that almost 5 OFDM symbols will be affected and cannot be used for data transmission. Similarly, 3 uS transient period is corresponding to 288 % of an OFDM symbol duration, i.e., 2 x 144 % with 3 uS BS transient time assuming 480 kHz SCS, which means almost 3 OFDM symbol cannot be used. Assuming 1 uS transient time, 1 OFDM symbol will be impacted with 480 kHz SCS and almost 2 OFDM symbol will be impacted with 960 kHz SCS.
During through NR release 15 and 16 discussions, the performance impact of transient period had been evaluated and discussed [1, 2] where faster transient period is important for network performance. As an outcome of the series of discussions, UE transient period report capability has been introduced in Rel-16 where 2 uS is the fastest transient period.

Observation #1: Current FR2 transient periods, i.e., 5 uS for UE and 3 uS for BS, will critically impact and degrade on system performance with higher SCS, i.e., 480 kHz and 960 kHz.
Observation #2: A faster transient period is an important parameter for network performance.
Observation #3: For higher SCS in NR for 52.6 – 71 GHz, faster transient period, i.e., 1 uS or even faster, is necessary. 

	Subcarrier spacing (kHz)
	60
	120
	240 (NA)
	480
	960

	Slot duration (uS)
	250.00
	125.00
	62.50
	31.25
	15.63

	OFDM symbol duration (uS)
	16.67
	8.33
	4.17
	2.08
	1.04

	CP duration (uS)
	1.19
	0.60
	0.30
	0.15
	0.07

	OFDM symbol + CP (uS)
	17.86
	8.93
	4.46
	2.23
	1.12

	
	
	 
	 
	
	

	
	FR2 (Tp = 5 or 3 uS)
	
	
	

	Tp portion in OFDM symbol in FR2 (5 uS for UE)
	30.0%
	60.0%
	NA
	NA
	NA

	Tp portion in OFDM symbol in FR2 (3 uS for BS)
	[bookmark: _GoBack]18.0%
	36.0%
	NA
	NA
	NA

	
	
	 
	
	
	

	
	
	NR beyond 52.6 GHz up to 71 GHz

	
	
	
	
	
	

	Tp portion in OFDM symbol in NR > 52 GHz - 5 uS
	NA
	60.0%
	120.0%
	240.0%
	480.0%

	Tp portion in OFDM symbol in NR > 52 GHz - 3 uS
	NA
	36.0%
	72.0%
	144.0%
	288.0%

	Tp portion in OFDM symbol in NR > 52 GHz - 1 uS
	NA
	12.0%
	24.0%
	48.0%
	96.0%


Table 1. Performance implication of transient for different subcarrier spacings.
 
This simple evaluation provide justification introducing an improved transient period with higher SCS in 52.6 – 71 GHz.
Summary
In this contribution, we evaluated applicability of the existing FR2 transient periods and shown the necessity speciging an improved transient period especifally for the higher SCS, i.e., 480 and 960 kHz. We made the following observations:

Observation #1: Current FR2 transient periods, i.e., 5 uS for UE and 3 uS for BS, will critically impact and degrade on system performance with higher SCS, i.e., 480 kHz and 960 kHz.
Observation #2: A faster transient period is an important parameter for network performance.
Observation #3: For higher SCS in NR for 52.6 – 71 GHz, faster transient period, i.e., 1 uS or even faster, is necessary. 

We also provided TP for TR 38.808 only transient period aspect which can be consolidated in the timing consideration clause in the TR.
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Text Proposal for TR 38.808
4.2.2 Timing consideration
For transient period, the existing FR2 transient periods, i.e., 5 uS for UE and 3 uS for BS, might not applicable with higher subcarrier spacings, i.e., 480 and 960 kHz. As an example 5 uS transient period is corresponding to 240 % of an OFDM symbol duration with 480 kHz SCS. Considering a pair of ON-to-OFF and OFF-to-ON, this 5 uS transient period means that first 4 OFDM symbol and the 80 % of the fifth OFDM symbol are affected and cannot be used for data transmission. This causes system throughput degrades significantly with higher SCS. In order to improve system performance, faster transient period needs to be introduced in 52.6 – 71 GHz.

	Subcarrier spacing (kHz)
	120
	480
	960

	Slot duration (uS)
	125.00
	31.25
	15.63

	OFDM symbol duration (uS)
	8.33
	2.08
	1.04

	CP duration (uS)
	0.60
	0.15
	0.07

	OFDM symbol + CP (uS)
	8.93
	2.23
	1.12

	
	
	
	

	Tp portion in OFDM symbol - 5 uS
	60.0%
	240.0%
	480.0%

	Tp portion in OFDM symbol - 3 uS
	36.0%
	144.0%
	288.0%

	Tp portion in OFDM symbol - 1 uS
	12.0%
	48.0%
	96.0%


Table 1. Performance implication of transient for different subcarrier spacings.




