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1 Introduction

Under the NR WI, we have discussed potential UE transient time parameter for both below 6GHz and mmWave cases. 

Several different numbers have been proposed in RAN4#82bis and RAN4#83 by different companies. Since the slot durations will be smaller for subcarrier spacing larger than 15KHz, the impact of transient time in BS demodulation will be much higher in NR compared to LTE. 

In a way forward agreed [2] in RAN4#83, following have been proposed:

· In June Adhoc 2017
· Consider LS response to RAN 1.
· Consider BS demod performance results for 10 us.
· Consider UE vendors input for 5us transient time sub6.
In this contribution, we discuss the impact of the transient time of the on/off mask on the UL performance of one of shortened TTIs, also denoted as mini-slots in NR. The current results are valid for 2OS mini-slot with 15kHz subcarrier spacing. For larger sub-carrier spacing, the symbol durations will smaller, thus the impact of transmietn time will be larger compared to 2OS mini-slot as discussed here. Thus, these results can be used as an indication on what transient time may be required for NR. 
The main purpose of this document is highlight the issue that, in addition to UE RF performance, BS demodulation performance also need to be kept in mind when finalizing the transient period for UE in NR. 
2 Background discussions
For NR, the mini-slot durations will become smaller when sub-carrier spacing higher that 15KHz will be used. This is shown 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


An example mask is shown in Figure 1, where the transient time is placed outside the TTI or slot transmissions. This example mask applies in case there are no transmissions preceding or succeeding the slot.
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Figure 1: An example mask when transient period is placed outside the TTI duration
In case of consecutive TTIs with power changes between them there is a middle transient period e.g. 10µs, see Figure 2. This means that 15%, 30%, 60% and 120% of the first OFDM symbol will be affected due to transient time for 15kHz, 30kHz, 60kHz and 120kHz subcarrier spacing respectively. For 120kHz, indeed the whole of first symbol and the 20% of the second symbol will also be affected. 
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Figure 2: Another example: Consecutive minislots with power changes between them, alt 1
As another example, the ramping up can be shared at the beginning of the TTI and at the end of the previous TTI. This leads to again 7.5%, 15%, 30% and 60% of the first OFDM symbol will be affected due to transient time for 15kHz, 30kHz, 60kHz and 120kHz subcarrier spacing respectively.
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Figure 3: Another example: Consecutive minislots with power changes between them, alt 2

3 Impact of transient time for consecutive TTIs
In this section, we provide the BS demodulation results when there is a need for insertion of transient time between consecutive TTIs. 

[image: image4.emf]
The power and phase in the transent period is modelled in the following way:

· Power: change linearly (in dB scale) within transient time. 
· The power difference between TTI A and B is assumed to be 33dBs.
· In the simulation results below, when TTI A transmits sPUCCH with 3dB target SNR and 1PRB, while TTI B transmits sPUSCH with 20dB target SNR and 25 PRB.
· Thus within the target TTI (i.e. TTI B), the power needs to ramp up 16.5dB during the transient period time. 
· Phase: linear interpolation between minislot A and minislot B.
· The phase difference between TTI A and B is assumed to be within [-pi pi], thus a random phase error between [-pi/2, pi/2] is added at the beginning of TTI B, and the phase error linearly turns to zero during transient time.
Following simulation setup is used:

· 1 TX, 2 RX antennas, 

· Channel Model: ETU 50km/h, 

· Carrier frequency [image: image6.png]


= 2GHz, subcarrier spacing = 15khz
· TTI: 2OS minislot with one DMRS symbol, sPUSCH PRB = 25 (bandwidth 5M)
· Modulations: 64QAM rate 5/6 and 16QAM rate 3/4 
· No retransmissions, No link adaptation
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16QAM, 2OS minislot, ETU50kmps

no mask, minislot pattern [R D]

transient time = 5us, minislot pattern [R D],

transient time = 10us, minislot pattern [R D],

transient time = 20us, minislot pattern [R D],

no power mask, minislot pattern [D R]

transient time = 5us, minislot pattern [D R],

transient time = 10us, minislot pattern [D R],

transient time = 20us, minislot pattern [D R],
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64QAM, minislot, channel ETU 50km/h

no power mask, minislot pattern [R D]

transient time = 5us, minislot pattern [R D],

transient time = 10us, minislot pattern [R D],

transient time = 20us, minislot pattern [R D],

no power mask, minislot pattern [D R]

transient time = 5us, minislot pattern [D R],

transient time = 10us, minislot pattern [D R],

transient time = 20us, minislot pattern [D R],




‘When we compare the results in the above two figures for 16QAM and 64QAM, following is observed: 

· When the transient time impacts a DMRS symbol, then the degradation in UL BLER result is smaller, however when the impacted symbol is data symbol, then the impact due to higher transient time is very significant. 

· For 64-QAM case, we can see that, there is a degradation of ~2dB in SNR when 10% BLER is targeted with 5us transient time. 

· For 10us transient time, if the impacted symbol is data symbol, then the BLER approaches to zero.
It is worth noting here that, in the above simulations, we have considered a ramp-up model for the transient time duration in the BS demodulation process, thus we have imperfect samples for the ramp up and down time at the BS receiver. If the zero-ing off is used at the BS for the transient time duration, then probably the received signal can be more error free and the results may improve in the above simulations.
4 Case-2: Inter-TTI interference

In this section, we present simulation results related to inter TTI interference. This is shown in the figure below:

[image: image9.emf]
Following assumptions are used for the investigations in this section: 

· The interference due to power transient period from the TTIs before and/or after the target TTI is modelled as white noise. 

· As before  power change linearly (in dB scale) within the transient time. 
· Same power assumed for the target minislot and the interfered minislot (before or after the target minislot) 
· The power ramping up/down within the transient period is 50dB. i.e., the zero level for the interfered minislot is 50dB below the target minislot. 
In the following result, we presented the simulation results for 64QAM.
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64QAM, minislot with two-sided interference, channel ETU 50km/h

no interference, minislot pattern [R D]

transient time = 5us, minislot pattern [R D]

transient time = 10us, minislot pattern [R D]

transient time = 20us, minislot pattern [R D]

no interference, minislot pattern [D R]

transient time = 5us, minislot pattern [D R]

transient time = 10us, minislot pattern [D R]

transient time = 20us, minislot pattern [D R]


In the following figure, the power ramping up/down within the transient period is 73dB. implying interferer has absolute power level at on-region of 23dBm and off-region -50dBm.
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64QAM, minislot with two-sided interference, channel ETU 50km/h

no interference, minislot pattern [R D]

transient period = 5us, minislot pattern [R D]

transient period = 10us, minislot pattern [R D]

transient period = 20us, minislot pattern [R D]

no interference, sTTI pattern [D R]

transient period = 5us, minislot pattern [D R]

transient period = 10us, minislot pattern [D R]

transient period = 20us, minislot pattern [D R]


For both of the above results (with 50dB and 73dB power difference in transient duration), we observe the following:
· When [D R] is used in a 2OS minislot configuration, then the CP takes care of part of the affected portion of the Data symbol. Thus, the impact is less in this case. 

· When [R D] is used in a 2OS minislot configuration, then the impact of larger transient time is higher compared to [D R] case. In this case, the ramp down time at the end of the 2OS impact the Data symbol, thus we see larger degradation. This requires more investigation though to understand this behaviour in more detail.

· In remains to be investigated more on the reason of 20µs transient time case on why the BLER reaches 100%. One possible reason could be that: 20µs at the beginning and 20µs at the end of the minislot, meaning 40µs out of ~140µs of the minilot duration is lost. 
· When transient time is higher than 5µs, then the degradation is very high, even [D R] case. It’s almost 5dB for 10% BLER as seen in the above figure. The BLER does not even reach 10% level when transient time is 10us even for 30dB SNR level.

Considering all of the above, its evident that, having transient time larger than 5µs will have large (and significant) BS demodulation impact, which will reduce the achievable throughout in the UL. 
5     Initial analysis for higher numerologies for NR
For higher numerologies, for example 30kHz, we have done some initial analysis, as shown below.
We used the following model.
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Based on a previous paper, we use 30dB step between ON and OFF levels. Following assumptions are used for the evaluations below:

· AWGN channel

· 1TX and 1RX

· 30 kHz subcarrier spacing

· 300 used tones (512 FFT)
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Transient duration: 1 s, Power difference: 30 dB
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Transient duration: 5 s, Power difference: 30 dB
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Transient duration: 10 s, Power difference: 30 dB
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The above figures show the achievable SNR levels when different transient time is assumed.  As seen from the figure above, when 5µs is used, then the achievable SNR level is around 10dB on the average. This is not very conducive for UL performance if 64QAM is expected to be supported. 
6 Way forward proposals
From the results shown it can be seen that the definition of the ON/OFF mask has much greater impact to overall performance in the NR when shorter TTI durations ate expected compared to LTE.
We observe the following: 
Observation: The degradation in UL demodulation performance when transient time is more than 5µs is quite significant.  

Above all, the analysis in this contribution are based on 2OS minislot with 15kHz subcarrier spacing. For higher subcarrier spacing, the impact will be even more significant, since the symbol duration will become smaller, thus higher transient time will have higher impact.
Observation: For larger subcarrier spacing than 15kHz, transient time higher than 5µs will have more significant impact. 

Based on this, we propose the following:

Proposal: Adopt 5µs transient time for sub6GHz NR UE.

We propose to send an LS to RAN1 informing the above in [3].
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