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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]). 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 [4] 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.

During last RAN4#90 meeting, this topic was so re-addressed [6], providing simulation results showing expected gains of such new feature. Despite those promising improvements, some companies were still arguing simulations don’t demonstrate feasibility (they were doubting UE transient time could be reduced to any value than current specified one) and usability (how gNB could use this information). And a Way Forward [7] was approved capturing this.
This contribution is so focusing on this last aspect, how gNB could use efficiently the reported UE transient time to improve system performance and explain why this new feature won’t impact legacy behavior.

2 Discussion 
As mentioned before, there is no possibility today for a UE to report to the BS what transient time it could effectively support. In the following, after briefly reminding description of this new capability, we are describing current gNB behaviour and how this new capability could be managed in gNB. 
2.1 New UE capability (reminder)

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 new feature is backward compatible and could be implemented from Rel-15.

2.2 Current behaviour
During UE transient period, there is no guaranty on the Tx signal quality: signal might have been sent at any power level, there might have been power fluctuation, ... This means that, when BS is demodulating the received signal from UE, BS should ignore the time period corresponding to that transient period to not misinterpret information and not affect the modulated symbols to the wrong constellation. A miss mapped constellation symbol will correspond to an increase in the raw bit error rate. To avoid propagation of these errors in the decoder it’s then important to mark the soft values corresponding to these raw bit errors and tell the decoder that these bits are not trustworthy. This is even more sensitive for higher modulation, e.g. 16QAM or 64QAM.
BS would have so to puncture the corresponding soft values within this UE transient time window before feeding in LPDC. 
Today, there is no possibility for BS to evaluate effective UE transient time, and BS could only consider then the specified values 10µs (alternatively 20µs) for FR1, and 5µs (alternatively 10µs) for FR2. So, if UE design has been improved and this transient period has been reduced, this would not improve system performance. 
As this transient time might be inside the transmitted symbol (when enabling frequency hopping with power change), puncturing 10 µs when using higher modulation for highest SCS would have noticeable impact on performance, lot of information would be lost. This was notably addressed during BS demodulation discussion, [8] and [9] have shown major impact on PUCCH format 2 performance when frequency hopping (with an associated power change) has been enabled. 
2.3 New capability management in gNB
First, to confirm there is no backward compatibility issue, if UE doesn’t report any transient time it could support, behaviour previously described will still be effective, there won’t be any change on legacy.
But if UE reports a smaller supported transient time, BS would record that information for that specific UE. This is basic information, very easy to manage.
When demodulating signal received from that UE, instead of considering the minimum requirement for transient period length, BS would then consider the reported transient time. BS won’t have then to puncture 10µs (or 5µs) samples length, but only samples corresponding to the reported transient time. And this will considerably improve performance as shown in [6].

3 Conclusion
In this contribution, we showed evidence on how BS would use efficiently the effective transient time reported by UE capability. This motivates following proposal, according detailed specification already given in [6].

Proposal: Introduce new UE capability to enable UE reporting its effective transient time.
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