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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 ([3]). Since that meeting, many discussions happened to highlight benefits of such feature and check feasibility/testability. 

This contribution, based on past discussions in RAN4 since RAN4#88b meeting, is aiming to summarize the main advantages and further specify this new capability.

2 Discussion 
2.1 Major benefits

2.1.1 BS demodulation performance

Even if one BS manufacturer is arguing there would be no BS demodulation performance improvement when introducing this new capability, all other BS manufacturers are claiming the opposite. Simulation results showing such improvement have been submitted in 2017 and have been used as basis when studying UE transient time in the scope of the LTE sTTI WI ([5]) and NR UE time mask specifications ([4]).
Moreover, while specifying BS demodulation requirements, some simulations ([7] and [8]) were done to evaluate potential impacts of the blanked symbol for the highest SCS (up to 3-5dB depending on companies and considered channel format). This is further detailed in next section (2.1.2), but this blanked symbol was specified due to the current value of the transient time. If this transient time value could be reduced, the blanked symbol could then be re-considered and there won’t be any performance lost as it was observed in those contributions.

Observation 1: This new UE Transient Period capability would improve BS demodulation performance for a large number of NR BS.
2.1.2 Time mask improvement

For the highest SCS in FR1 and FR2, when there is consecutive transmission of symbols with a transient period needed on each symbols’ transition, a gap was specified in TS 38.101-1 and TS 38.101-2 (as shown in Figure 6.3.3.9-3 below, from TS 38.101-1), this was introduced to optimize overall transmission. Indeed, without this gap, the transient period would have been shared in between each symbols (based on the agreed mask for short subslot), and each symbol might have then been truncated by 10µs (FR1) or 5µs (FR2), which also means only 6.67µs (FR1) or 3.33µs (FR2) of each highest SCS symbol would be safely transmitted, the remaining 60% of symbol time length might then be lost, impacting seriously system throughput performance.
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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 60 kHz SCS is used in FR1

But such gap, even if needed with the current transient time, has two major drawbacks. It would impact:

· System latency, one of two symbols not being transmitted. It would then be highly beneficial to reconsider such specified gap, and this could be done if UE supports smaller transient period. Then, even with the highest SCS, the “normal” time mask could then be considered, sharing the transient period in between consecutive symbols, without potentially losing a large part of each symbol time length.
· Throughput and efficient spectrum utilisation for the same reasons.

Observation 2: Introducing UE Transient Period capability would improve NR latency and system throughput at least for the highest SCS in FR1 and FR2.
2.2 UE capability proposal

2.2.1 Proposal
2.2.1.1 Reported values
Our initial proposal was for UE to report a transient time value (from 0 to 9us) with a granularity of 1µs.

The contribution [6] stated such granularity was not relevant (1µs gain would not give a significant improvement) and proposed instead 5µs granularity for FR1, and FFS for FR2. This approach seems realistic but the set of reported values should be further investigated.
Following Table 1 gives, for each SCS, the percentage of transmission lost (CP + symbol) considering different transient time possible values. Targeting a maximum loss of around 10%, it can be noticed that additional values would be useful. 
Based on this table, we would propose following set of transient time values that could be reported:

· For FR1: 5, 2 and 1 µs.

· For FR2: 3 and 1 µs.

	
	
	Transient time

	
	SCS     (kHz)
	CP length (µs)
	Symbol length (µs)
	10µs
	5µs
	3µs
	2µs
	1µs

	FR1
	15
	5.21 / 4.69
	66.67
	15%
	7%
	
	3%
	1%

	
	30
	2.86 / 2.34
	33.33
	28%
	15%
	
	6%
	3%

	
	60
	1.69 / 1.17
	16.67
	56%
	28%
	
	11%
	6%

	FR2
	60
	1.69 / 1.17
	16.67
	n/a
	30%
	17%
	11%
	6%

	
	120
	1.11 / 0.59
	8.33
	n/a
	60%
	37%
	23%
	11%


Table 1: Percentage of transmission lost when considering various transient time values, per SCS
And if UE could support any transient time value not included in this proposed set, the reported value shall be the closest 
2.2.1.2 Conditions

Considering UE design constraints, the transient time might differ depending on the considered band(s). To cope with this and to give more flexibility when defining the set of  values, UE should then report the its transient capability per supported band(s). But this should be further discussed.
Proposal: UE transient time might be reported per supported band(s) and should consider following set of values: {5µs, 2µs or 1µs} for FR1 and {3µs or 1µs} for FR2.
2.2.2 Backward compatibility
This new UE capability will be optional: UE will only report this capability if it can support better transient time. 
If the UE is not reporting this capability, BS will assume UE is supporting the minimum requirements currently specified (in TS 38.101-1 and TS 38.101-2) and will then consider 10µs (FR1) - 5µs (FR2) transient time with potentially blanked symbol (for highest SCS and consecutive short subslot).

There is no backward compatibility issue with this new capability introduction.

Observation 3: The new UE Transient Period capability shall be optional. It will be backward compatible.

2.2.3 Scope
As mentioned previously, this new capability would be beneficial for demodulation performance for many BS vendors. As it’s an optional feature and there is no backward compatibility issue, our recommendation is to specify it for any type of NR UEs.
The latency improvement when removing blanked symbol for highest SCS is not questionable. This new UE capability shall then be introduced for UE supporting features like URLLC. 
3 Conclusion
In this contribution, we summarized the advantages introducing the new UE Transient Period capability and further detailed how this feature should be specified. We made following observations and proposal. 
Observation 1: This new UE Transient Period capability would improve BS demodulation performance for a large number of NR BS.
Observation 2: Introducing UE Transient Period capability would improve NR latency and system throughput at least for the highest SCS in FR1 and FR2.

Observation 3: The new UE Transient Period capability shall be optional. It will be backward compatible.

Proposal: UE transient time might be reported per supported band(s) and should consider following set of values: {5µs, 2µs or 1µs} for FR1 and {3µs or 1µs} for FR2.
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