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1 Introduction
One of the left-over from last year discussion on NR BS demodulations, as reported in latest Status Report ([3]) submitted at last RAN#82 meeting, is to investigate impact of UE RF timing mask on PUCCH FR2 performance.
This document is describing how UE timing mask could largely impact PUCCH performance, further evaluating this impact.
2 Discussion 
2.1 UE transient period
When there is a power change or a frequency allocation change, UE has to re-program some internal RF components to adapt to the new power or tune to the expected frequency. Depending on UE design, this would require some time (to transfer this information on bus communication, set registers, stabilize components to the new settings, …). 

For this reason, a transient period requirement has been added to TS 38.101-1 ([1]) for FR1 and TS 38.101-2 ([2]) for FR2. This maximum time has been specified to 10 µs for FR1 and 5 µs for FR2.

Depending on scheduling (consecutive transmission, SRS transmission, …) a set of rules have been also specified to guarantee the best performance, compromising with UE design constraints.
When there is no consecutive transmission, the transient period is placed outside the transmitted symbols as shown on Figure 1.
[image: image1.emf]  Figure 6.3.3.2 - 1: General ON/OFF time mask for NR UL transmission in FR2  
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Figure 1: UE transient period when no consecutive transmission
For general cases, where there is consecutive transmission with power or frequency change in between slot or symbols, the transient period is shared in between adjacent symbols in between which such change would occur, as shown on Figure 2.
[image: image2.emf]  Figure 6.3.3.7 - 1: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both  before and after SRS  
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Figure 2: UE transient period with consecutive transmission - general case
But for the highest SCS in FR2 (and FR1), if there is a power or frequency change in every symbol (e.g. frequency hopping every symbol), sharing transient period would seriously impact all transmitted symbols: the specified transient period, shared by each symbol, would overlap more than 50% of each symbol, as shown in Table 1.  To avoid such situation, blanking one symbol out of 2 and allocated the transient period to that blanked symbol was the best solution. 
	
	SCS
	Symbol length
	Transient time
	%symbol lost

	
	(kHz)
	(µs)
	(µs)
	(%)

	FR1
	15
	66.67
	10
	15

	
	30
	33.33
	10
	30

	
	60
	16.67
	10
	60

	FR2
	60
	16.67
	5
	30

	
	120
	8.33
	5
	60


Table 1: Percentage of transient period vs symbol length
Figure 3 from TS 38.101-2 ([2]) shows how the transient period is distributed over the blanked symbol, not impacting the remaining transmitted symbols.
[image: image3.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 3: Blanked symbol as specified in TS 38.101-2

2.2 PUCCH performance impact

2.2.1 Background
BS demodulation simulations have been done so far assuming ideal conditions but also considering products impairments. 

Such major impact (blanking one complete symbol) from UE specifications was not considered so far. But it was mentioned in NR Study Report ([3]) as one of the left-over from last year work:
· The following performance requirements need further consideration:
· PUSCH corrections due to unachievable performance measures
· PUCCH FR2 corrections due to RF timing mask
· PUSCH FR1 type B time domain resource allocation

· DMRS configurations with and without additional DMRS for PUSCH FR2 and PUCCH FR2 format 3 & 4

· PUSCH FR2 non-configured PT-RS case.

· FR1 PUSCH with 256QAM
· PUSCH with UL timing adjustment
· Performance requirements for high speed train
Note that only FR2 was mentioned, but there is a similar impact for 60 kHz SCS and FR1.

2.2.2 Initial results

Some simulations were done for PUCCH format 2 and FR2, re-using agreed simulation assumptions ([5]).
The results are shown on Figure 4, comparing following cases:

· Without frequency hopping.

· With frequency hopping, not considering UE transient period (no blanked symbol).

· With frequency hopping, considering UE transient period (with blanked symbol).
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Figure 4: UE transient time - BS demodulation performance impacts

By comparing the figures, considerable impact of this UE blanked symbol might be observed, with up to 5.5dB worse performance when frequency hopping is enabled.

This additional degradation was not considered so far in the BS demodulation performance requirements and shall be added to align with UE specifications. Only PUCCH format 2 for FR2 was simulated, but similar impact could be expected for FR1 and FR2 highest SCS when frequency hopping is enabled every symbol.
Proposal: For FR1 and FR2 highest SCS, when frequency hopping is enabled every symbol, add an additional impairment to BS demodulation requirement (exact value to be further discussed and agreed).

Note also that there is on-going discussion on UE requirements for UE to report its transient time via UE capabilities ([4]) if UE could support a lower value than the one specified, but no agreement has been reached so far. If this feature is specified, it would improve considerably BS demodulation performance when frequency hopping is enabled every symbol for highest SCS in FR1 and FR2.
3 Conclusion
In this contribution, we described UE transient time specification for highest SCS in FR1 and FR2, blanking one symbol out of two when frequency hopping is enabled every symbol. We also investigated potential impact on BS demodulation PUCCH performance for FR2 and made following proposal:
Proposal: For FR1 and FR2 highest SCS, when frequency hopping is enabled every symbol, add an additional impairment to BS demodulation requirement (exact value to be further discussed and agreed).
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