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1 Introduction
In NR, RAN4 is discussing the ON/OFF mask for UE. The UE ON/OFF mask depends on a number of issues, the UL transmission configuration among others. 

In this contribution, we briefly explain different factors which need to be considered when we define the ON/OFF mask.
2 Use cases for ON/OFF mask for LTE 
In TS 36.101, ON/OFF masks for several different cases are defined, namely:

1. Single TTI

2. Intra-sub frame frequency hopping (applies to both sPUCCH and sPUSCH)

3. SRS transmission
4. TTI transmission preceding SRS

5. TTI transmission succeeding SRS

6. TTI transmission preceding and succeeding SRS

7. TTI transmission preceding and succeeding SRS blanking

All the above cases need to be investigated for NR. In addition to these above cases, ON/OFF masks for consecutive TTIs also need to be discussed, since the ON/OFF mask between consecutive TTIs may have huge impact, specifically for higher subcarrier spacing cases (which causes the TTI duration to be considerably smaller compared to Rel-8 TTI) . Also, there are cases when DMRS may be shared between two consecutive minislots.

3 OFDM vs DFT-S UL

In NR, OFDM will be used as the modulation scheme, while DFTS-OFDM is used for LTE. In DFTS-OFDM each bit is rather locally mapped in time around its carrying time-domain symbol and some transients around it; in OFDM each bit is equally mapped to the complete OFDM symbol duration. In DFTS-OFDM, a receiver can set soft values of bits overlapping with a transient period to zero, to the localized mapping this would be a few bits at most. In OFDM, all bits overlap with a transient period, thus it is not clear how a receiver could down-weight information received during transient period.
Observation: The fact that OFDM is used in the NR UL, the ON/OFF mask for NR may become more challenging compared to LTE. 
4 Impact of multiple numerologies

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


For larger subcarrier spacing, the OFDM symbol duration is much smaller compared to LTE. Thus, transient period need to be considered carefully for higher numerologies. For example, if 5us is chosen, then at least 1 OFDM symbol will be lost for 120kHz subcarrier spacing due to transient time requirement. 
5 Single TTI transmission 
The first simple case is where there is nothing scheduled before and after the considered NR TTI. The transient periods could then be outside the TTI duration, as shown in Figure 1. This will be same as LTE case. 
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Figure 1: Single TTI case
6 SRS transmission

It has been agreed in RAN1 that, the SRS may span 1, 2 or 4 consecutive symbols in UL subframe. The location of the SRS symbols is not necessarily at the end of UL subframe, instead it can be anywhere within the UL TTI. 
In this case, there will be three cases when SRS is transmitted, similar to LTE:
· SRS transmission 

· TTI transmission preceding SRS

· TTI transmission succeeding SRS

· TTI transmission preceding and succeeding SRS

For the above SRS transmissions, similar approaches as LTE can be taken. However, it remains to be seen on how much useful TTI durations are affected to the transmit periods. 
7 Frequency hopping 

In general, frequency hopping is being discussed in RAN1. It has been agreed that, frequency hopping is possible if 14 symbols long TTI is used. Also, it is agreed that, for 120kHz case, hopping will be done after the slot, i.e. after around 77.5us.

There is no agreement yet on the cases when less than 14 symbols in a TTI are used. This can happen in e.g. mixed TTI between DL and UL, or in E.g. UL mini-slot (UL not completely defined) 

Also, for PUCCH, One and two symbol long PUCCH are agreed. For the two symbol PUCCH, it can be frequency hopped.
Even for one symbol PUCCH transmission, higher SCS will be challenging with “large” transient time. For the two symbol case with frequency hopping, large part of the PUCCH symbol will be affected for larger subcarrier spacing.
For all the above cases, ON/OFF mask need to be defined. 
8 sPUCCH and sPUSCH transmissions
For UL only and UL heavy subframe, both normal PUCCH and sPUCCH are allowed. sPUCCH can be one or two OFDM symbols, which will occur in the last part of the TTI. “Normal” PUCCH can be anything between 4-14 symbols long. Both sPUCCH and normal PUCCH will have frequency hopped designs. In addition to this, there can be mixed TTIs where sPUCCH and normal PUCCH will be transmitted simultaneously. 

The same is true for sPUSCH and normal PUSCH. The idea is to configure PUSCH and sPUSCH in TDM manner. 

For all of the above cases, it is imperative to define ON/OFF mask for NR UE. 
9 Conclusion
In this contribution, we explained a number of issues that will determine final ON/OFF mask design. 

Our main goal of this document is start discussions on possible usecases for ON/OFF mask that need to be defined for NR. We welcome input from other companies in this regard.  
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