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1 Introduction
In RAN4 NR AH3 in September 2017, RAN4 has approved a way forward on UE ON/OFF mask, where some agreements have been made, and some example usecases were shown in the appendix. 

In one of our contributions in the meeting, [5], we have shown a number of cases for which ON/OFF masks need to be defined. This contribution is a continuation of the previous contribution. 

In this contribution, we explain potential masks for several cases for which RAN4 needs to make a decision in RAN4#85 meeting.
2 ON-to-OFF and OFF-to-ON transition time

RAN4 has agreed to use the same duration for ON-to-OFF, ON-to-ON and OFF-to-ON transition time for NR, as shown below:
1. Allow 10us for FR1
2. Allow 5us for FR2
Thus, the transient time will be 10us and 5us for FR1 and FR2, respectively. 
3 Generic ON/OFF time mask
In the agreed WF [6], it has been agreed that, for higher SCS, the transient is outside the generic mask. 
	SCS
	Slot length
	Spectrum range
	TX-RX and RX-TX time in FR1 (µs)
	TX-RX and RX-TX time in FR2 (µs)
	% of slot affected by transient in FR1
	% of slot affected by transient in FR2

	15
	1000µs
	FR1
	10
	NA
	1%
	NA

	30
	500µs
	FR1, FR2
	10
	5
	2%
	1%

	60
	250µs
	FR1, FR2
	10
	5
	4%
	2%

	120
	125µs
	FR2
	NA
	5
	NA
	4%


Based on the above analysis, we propose the following: 

Proposal-1: The ramp up and down time will be outside the slot length for 60kHz and 120kHz cases, while they are inside for 15 and 30kHz SCS.
Note that, in RAN1, it hasd been decided that, the UL DMRS will follow the DL DMRS structure, thus, the first symbol will not be a DMRS symbol for any PUSCH transmission in UL. 

So, the masks will be as follows:

	15 and 30KHz SCS 
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	60 and 120kHz SCS
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For FR2, similar masks are applied, while the transient period is reduced to 5µs.
4 PRACH time mask
For PRACH, it has been agreed to have the mask outside the actual transmission time [6].
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We propose to look into these once the first drop of NR spec is finalized, that’s in RAN4#86 meeting and onward meetings.  
5 Generic SRS time mask
We propose to adopt the same for general SRS transmissions. An example is shown below:
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For consecutive SRS transmissions, we have the following ON/OFF mask, when no power change is required:
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Based on this we proposed as following:
Proposal-2: For generic SRS transmissions, the ramp up and down can be placed outside the actual SRS transmissions. 
When power change is required between consecutive SRS symbols, then we can define following masks:
	FR1: 15 and 30kHz
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In this case, when the transient time is shared between two consecutive SRSs (i.e. each SRS transmission is affected by 5us due to sharing of ON-to-ON transient time), then the interruptions due to transient time is equivalent to ~7% (5/71.4) and ~14% (5/30.7) for 15kHz and 30kHz SCS, respectively. 

	FR1: 60kHz
	[image: image7.emf]SRS

End of OFF power 

requirement

Start of OFF power 

requirement

SRS ON power 

requirement

10µs

Transient period

SRS SRS SRS

10µs

Transient period

SRS ON power 

requirement

17.86µs

10µs

Transient period


For this SCS, since the symbol duration is 17.86us, having 10us transient to be shared between consecutive symbols means that, roughly 1/3 of both SRSs will be impacted. In this case, we propose to instead place the transient time within one symbol and keep other SRSs intact. 

	FR2: 30 & 60kHz
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In this case, when 5us is shared between consecutive SRSs, then ~7% and ~14% of the SRS symbol duration are impacted for 30kHz and 60kHz, respectively. 

	FR2: 120kHz
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In the interest of saving one whole SRS symbol, we propose to omit on of the symbols between consecutive SRS transmissions when the SCS is 120kHz for FR2.


6 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 is defined when hopping is done keeping the center frequency the same. This will not require any additional transient time for hopping, since the hopping happens within the configured transmission bandwidth. So, only transient time will be caused by power change between symbols. In this case, the time masks as shown in the previous section are applicable. 
2. Frequency hopping: This is the case when hopping is done while the center frequency is changed. This will require much larger transient time to be considered in some cases. When frequency hopping outside the configured bandwidth of the UE is required, then time required for the reconfiguration is also needed. As we have reported in an LS to RAN1 [7] and [8], if frequency retunign is needed, then the time required will be much larger (can be anything between 50~120us as reported in [8]). 
7 PUSCH/PUCCH UL transmission next to SRS transmission
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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Corresponding mask for FR2 is below:
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8 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. 

As reported in [7], for SRS transmissions between ports, additional transient time of 15us is required.
9 Frequency hopping between symbols in sPUCCH
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.
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.  

10 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. 
11 PTRS transmissions

PTRS is a new important reference signal that is being discussed in 3GPP. 
12 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: The ramp up and down time will be outside the slot length for 60kHz and 120kHz cases, while they are inside for 15 and 30kHz SCS.
Proposal-2: For generic SRS transmissions, the ramp up and down can be placed outside the actual SRS transmissions. 
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