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1 Introduction
In RAN4#88b meeting, it was proposed to introduce a new UE capability consisting in reporting UE effective transient period time ([4]). With such feature, BS could then consider the effective supported transient time for each individual UE, and not the maximum specified one in TS 38.101-1 (10µs) and TS 38.101-2 (5µs). There was intense discussion during that meeting, with a proposed Way Forward supported by many operators [5] with some UE vendors still opposing. But to not delay NR release, we compromised and agreed to come back on this topic early 2019, once NR Rel-15 was done.

This document is coming back then on this proposal, adding simulations results done in the scope of LTE sTTI and NR to show evidence on such feature’s benefit.
2 Discussion 
As mentioned, there is no possibility today for a UE to report to the BS what transient time it could effectively support. In the following, after further describing this new capability, we are further arguing why such feature would be beneficial not only for the BS, but also for the UE vendors, providing some evidences.
2.1 Transient time to be reported

The intention with this new feature is for UE to report its effective transient time when there is a power change or frequency hopping inside RF channel bandwidth between consecutive UL transmissions (also known as Tx On to On transition transient time), excluding antenna switching, frequency hopping that would require PLL retuning and beam switching.

By effective, we mean here the maximum transient period length that a specific UE would need, compared to the maximum length specified in TS 36.101-1 and TS 36.101-2.
This reporting would so consist on a single value for each supported band(s) that UE would report back to the BS. The expected granularity is 1 µs.

As long as this new capability is not reported by the UE, BS shall consider default values which are the maximum transient time specified in TS 36.101-1 for FR1 and TS 36.101-2 for FR2. This also means that UE doesn’t have to report such value; in that case, is will be assumed UE supports the maximum transient time specified in TS 36.101-1 (10µs) or in TS 36.101-2 (5µs).
This also means this capability might be implemented from Rel-15, there is so no backward compatibility issue from RAN4 perspective.

2.2 Advantage of this new reported capability 
2.2.1 Highest SCS and frequency hopping 
With current transient period specifications ([1] and [2]) for highest SCS, if a transient period would be needed on both side of a symbol, both transient periods would be put in that symbol and the symbol would be blanked as shown on Figure 1 (symbol’s length is 17.86 µs for FR1 while the sum of the 2 transient would be 20 µs). 
[image: image1.emf]  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 120kHz SCS is used in FR2  


Figure 1: Blanked symbol as specified in TS 36-101-2
This blanked symbol is then lost. The consequence would be that features like frequency hopping every symbol would have very degraded performance for highest SCS. 

Impact of such blanked symbol is currently evaluated for BS PUCCH performance ([7]). Current evaluation shows that, blanking one symbol while doing frequency hopping every symbol for highest SCS, would considerably degrade PUCCH performance. As shown on Figure 2, comparing an ideal situation without any transition period to a situation where transient period is considered and a symbol is blanked, there is a lost of ~5.5dB. This is extreme comparison then, assuming a transition period of 0 µs. But this gives some relevant information that, if UE transient time could be small enough (e.g. 2-3 µs for FR1), performance could be easily improved by 3-4 dB, not blanking any symbol.
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Figure 2: Impact of blanking symbol with frequency hopping and 120 kHz SCS for FR2 PUCCH format 2
If a UE is capable supporting a much smaller transient time for highest SCS (as shown in Table 1 for 1µs transient time for example), this symbol would be significantly less impacted by this transient period length. No symbol would have to be blanked anymore and the rule consisting placing both transient periods in one symbol could then be reconsidered for such UE; no symbol would have to be blanked for highest SCS in each frequency range.
	
	SCS
	Symbol length
	Transient time
	%symbol lost
	Transient time
	%symbol lost
	Transient time
	%symbol lost

	
	(kHz)
	(µs)
	(µs)
	(%)
	(µs)
	(%)
	(µs)
	(%)

	FR1
	15
	66.67
	10
	15
	5
	7.5
	1
	1.5

	
	30
	33.33
	10
	30
	5
	15
	1
	3

	
	60
	16.67
	10
	60
	5
	30
	1
	6

	FR2
	60
	16.67
	5
	30
	3
	18
	1
	6

	
	120
	8.33
	5
	60
	3
	36
	1
	12


Table 1: Percentage of transient period vs symbol length
But to support this, BS should be notified by UE of its max supported transient time so that BS could determine if a symbol would be blanked or not, optimizing system performance and enabling feature like frequency hopping every symbol for highest SCS.
2.2.2 BS demodulation

When demodulating the signal received from the UE, the BS should ignore the time period corresponding to the UE transient time. During that period indeed there is no guaranty about the signal quality: signal might have been sent at any power, there might have been power fluctuation, ...

BS would have so to puncture the corresponding soft values within this UE transient time window before feeding into the turbo decoder. The only value on which BS could rely on today is the specified 10µs (alternatively 20µs) for FR1, and 5µs (alternatively 10µs) for FR2. 
As this transient time might be inside the first transmitted symbol, puncturing 10 µs when using higher modulation for highest SCS would have noticeable impact on performance, lot of information would be lost. BS should so consider implementing sophisticated algorithm to evaluate this window length, but such complex algorithm would have to deal with all possible scenarios and give reliable results in any circumstances and configurations. Such stable algorithm could not be implemented on BS with existing timing constraints.
When evaluating UE transient time window, BS has so to do some trade off considering some rough margin to compensate for all cases. And this might not be optimal for all UEs. If UE has lower transient time, it would send more reliable information that BS could have effectively considered but will not then. While if UE has longer transient time, BS might consider corrupted information that would impact demodulation performance, increasing repetitions, …
It would be so very beneficial for BS to know exactly what transient time a UE could support. BS could then adjust precisely the window for which it should puncture samples from the received signal. BS would then not lose any valid information, neither consider corrupted one. The overall system performance could be improved.

2.2.3 UE design differentiator
As we have seen in previous section, BS can’t evaluate accurately UE transient time. So, any improvement done by UE vendor in this area would only improve UE power consumption, but it won’t improve system performance. BS can’t really use this optimization to get better demodulation performance. By signaling UE transient time capabilities, UE vendors could differentiate their UE products not only promoting better power consumption, but also better system performance.
2.3 Simulation results

Following simulation results were already presented in [6] and used to justify the new NR transient time specified for both FR1 and FR2. Comparisons were done using 5, 10 and 20 µs for the value of transient period. Based on those results, outcomes could easily be extrapolated for lower values (e.g. 1 or 2 µs).
2.3.1 Impact of transient time for consecutive subslots

In this section, we provide the BS demodulation results when there is a need for insertion of transient time between consecutive subslots, which would be typical case with consecutive PUSCH or PUCCH scheduling.
[image: image3.emf]
The power and phase in the transient period is modelled in the following way:

· Power: change linearly (in dB scale) within transient time. 
· The power difference between subslots A and B is assumed to be 33dBs.
· In the simulation results below, when subslot A transmits PUSCH with 3dB target SNR and 1PRB, while subslot B transmits PUSCH with 20dB target SNR and 25 PRBs.
· Thus within the target subslot (i.e. subslot B), the power needs to ramp up 16.5dB during the transient period time. 
· Phase: linear interpolation between subslot A and subslot B.
· The phase difference between subslots 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 subslot 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: image5.png]


= 2GHz, subcarrier spacing = 15khz

· Type B scheduling: 2OS subslot with one DMRS symbol, PUSCH PRB = 25 (bandwidth 5M)
· Modulations: 64QAM rate 5/6 and 16QAM rate 3/4 
· No retransmissions, No link adaptation
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When we compare the results in the above two figures for 16QAM and 64QAM, following is observed: 

· For 16-QAM, considering 10-1 BLER, there would be a gain of 1 dB with a transient time reduced to 5µs compared with 10µs.

· For 64-QAM, considering 10-1 BLER, there would be a gain of 2 dB with a transient time reduced to 5µs compared with 10µs.

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. When a 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.
3 Conclusion
In this contribution, we proposed the UE should report to the its transient time capabilities and argued why this would be very beneficial for supporting enhanced features with higher performance, for BS demodulation performance and for UE vendors to differentiate their products.
Proposal 1: UE should report to the BS its supported transient time parameters for each supported band(s) in FR1 and/or FR2 with a granularity of 1µs.

Proposal 2: Send LS ([3]) to RAN2 to implement such supported transient times reporting feature from Rel-15.
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