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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 one of earlier contributions [1], we have presented a number of cases for which the ON/OFF mask need to be defined.
It is worth mentioning here that, many of the use cases depend on the decisions in RAN1 regarding the position of different UL signals. In a previous contribution in the last meeting, we have provided discussions related to different ON/OFF masks. 
In this contribution, we briefly explain potential masks for several the cases.
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 ON-to-OFF and OFF-to-ON transition time

RAN4 has agreed to use following ON-to-OFF and OFF-to-ON transition time for NR:
1. Consider 10us for sub6GHz case

2. Consider 5us for mmWave case

Thus, the transient time will be 20us and 10us for sub6GHz and mmWave, respectively. 
 In some cases, these transient times could be prohibitive since large part of a symbol may be lost, especially in case of higher sub-carrier spacing cases. Thus, it could be worth considering smaller ON-to-OFF transition time compared to OFF-to-ON transition time. 
4 Transient periods outside the transmission period

For a single slot transmission and for burst-type transmissions, the ramping up and down can be placed outside the transmission duration.

Proposal-1:  For single slot transmission and PRACH transmissions, the ramp up and down can be placed outside the actual transmission.
These two cases are described below.
4.1 Single slot transmission 
The first simple case is where there is nothing scheduled before and after the considered NR slot. The transient periods could then be outside the slot duration, as shown in Figure 1. This will be same as sTTI case in LTE. The ON-to-OFF and OFF-to-ON in this case will be 5 and 10us respectively. 
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Figure 1: Single slot case
4.2 PRACH transmission

For PRACH, the mask like single slot transmission can be used. In this case, the transient time can be outside the PRACH transmission durations.  This is shown in the figure below.
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5 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. We have shown potential SRS transmission structures in our companion contribution [2]. 
5.1 Consecutive SRS symbols

“For an X-port SRS resource spanning N adjacent OFDM symbols within the same slot, all X ports may be sounded in each of the N symbols but in a different portion of the band for each symbol.” In this case, protecting the SRS transmissions preferred. Thus following ON/OFF mask can be used. In this case, the transient phase is placed outside the consecutive SRS transmissions.
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Figure 2 Consecutive SRS transmissions
5.2 SRS transmission with hopping

When hopping is configured, then one of the transmissions cases could look as follows:
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Depending on the UE RF bandiwdth, two different types of hopping is expected:
1. RB hopping: This will not require any transient time, since 

2. Frequency hopping: This will require transient time to be considered in some cases
5.2.1 When no power change between SRS symbols are required

In the abve hopping cases, if there is no need for power change (transmititng in the same bandwdith etc), then the ON/OFF mask can be same as Figure 2.

5.2.2 When power change between SRS symbols are required

If there is a need for power change between consecutive SRS transmissions, then the situation becomes complicated. Then transient period need to be placed in between SRS symbols. This can happen when the UE RF bandwidth is smaller than Ul cell bandwidth, and hopping needs to happen outside the UE RF bandiwdth.

Keeping it same as LTE, the transeint period can be shared between both OFDM symbols in that case. This is shown in the figure below. 
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Figure 3 ON/OFF mask for SRS transmissions when power change is required
In the above case, the transient time will be 20us for sub6GHz case and 10us for mmWave case. For larger SCS, this transient time can be prohibitive since large part of middle SRS symbols may be lost. 
Observation: Currently, OFF-to-ON and ON-to-OFF are defined as same number, i.e. 10us for Sub6GHz and 5us for mmWave. The situation is very challenging for middle two SRS symbols.
	Subcarrier spacing
	OFDM symbol duration
	%.-symbol lost in middle SRS symbols due to transient time (sub6GHz)
	%.-symbol lost in middle SRS symbols due to transient time (mmWave)
	Note

	15
	71.43 µs
	~28%
	~14% (N/A)
	

	30
	35.71 µs
	~56%
	~28%
	

	60
	17.86 µs
	~112%
	~56%
	

	120
	8.93 µs
	~224% (N/A)
	~112%
	More than one symbol is lost.


It is our understanding that, ON-to-OFF time can be shorter than OFF-to-ON time, thus total trainset time can be shortened. This is necessary, else some of the SRS symbols will be completely lost, at least for high subcarrier spacing. With reduced transient time that currently defined values, following can be achieved:
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Depending on whether to protect the symbol prior to consecutive SRS transmissions or to protect the symbol preceding the consecutive SRS symbols, one of the above can be adopted. 
Also, note that, for larger subcarrier spacing, the above skipped SRS symbols can be rescued, in some cases, such as reduced transient time than current assumptions.

Proposal-2: For consecutive SRS transmissions, depending on subcarrier spacing is used in the carrier, consider defining different ON/OFF mask depending on the need to protect the preceding symbol before or succeeding symbol after consecutive SRS transmissions.  

5.2.3 UL transmission preceding SRS

When there is a scheduled transmission preceding SRS, then the ON/OFF mask can be defined as shown in the figure below. In this case, the principle is to protect SRS, similar to LTE. The transient time is similar to previous cases.
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5.2.4 UL transmission succeeding SRS

For UL transmission succeeding SRS, the same principle as above is considered, as shown below.
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5.3 ON/OFF mask when SRS symbols over different Rx ports are transmitted
In a previous RAN4 contribution [3], it has been shown that, in case of 4RX usecase, when sounding is needed across more than one receive antennas in UL, then there is a need for introducing transient time between consecutive SRS transmissions. 

Depending on the number of antennas to be sounded from one single PA and expected transient time required, more than one slots may be used for such SRS transmissions. 
6 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) 
6.1 SRS hopping

This case is described in the section above. 
6.2 Frequency hopping in two-symbol long PUCCH

Also, for PUCCH, One and two symbol long PUCCH are agreed. For the two symbol PUCCH, it can be frequency hopped.
In general, 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.

If frequency hopping is enabled between two PUCCH symbols, then following ON/OFF mask need to be defined. 
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Figure 4 Two symbol PUCCH when frequency hopping is enabled between PUCCH symbols

Note that, similar to SRS cases, for large subcarrier spacing, the frequency hopping between consecutive symbols in a two-symbol PUCCH may not be configured, since significant part of the PUCCH symbols may be lost due to transient time.  
7 UL DMRS transmissions 

The location of UL DMRS is being discussed in RAN1. There are potentially two options that are shown below. There are other options that are also in discussions in RAN1, as far as we understand. 

7.1 First symbol is DMRS symbol

If the first symbol is DMRS symbol, then this symbol may need to be protected.
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	The last symbol from previous TTI is SRS symbol, then both SRS and DMRS need to be protected.

In that case, the transient time can be shared as shown above.
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	For larger sub-carrier spacing, the transient time can be very large as described earlier, thus one suitable option could be not to allocate last SRS symbol, instead use this symbol for ramping up and down. 


7.2 First symbol is not DMRS symbol

If first symbol is not DMRS, e.g. the first symbol is PUSCH symbol, then the transient time can be shared in case of low subcarrier spacing. 
For large subcarrier spacing, placing the transient in first PUSCH symbol will mean that, the PUSCH symbol may be corrupted or destroyed, that means that, whole PUSCH will be corrupted since there are no interleaving in NR. Thus, the benefits of placing PUSCH as first symbol to protect DMRS may not be useful anymore.
8 ON/OFF mask when SRS symbols over different Rx ports are transmitted
9 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. We need more input from RAN1 before being able to discuss the ON/OFF mask for this case. 
10 Conclusion
In this contribution, we presented a few ON/OFF masks for different cases. 
The masks need to be discussed and agreed on the mentioned case. Also, there are other cases where RAN1 progress is needed before we can discuss the masks.  
We proposed the following:

Proposal-1:  For single slot transmission and PRACH transmissions, the ramp up and down can be placed outside the actual transmission.
Proposal-2: For consecutive SRS transmissions, depending on subcarrier spacing is used in the carrier, consider defining different ON/OFF mask depending on the need to protect the preceding symbol before or succeeding symbol after consecutive SRS transmissions.  
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