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1 Introduction
In last RAN plenary meeting, SUL with and without LTE/NR UL sharing from network perspective is targeted to be completed by Dec 2017. 

· LTE/NR UL subcarrier alignment is to be specified by Dec 2017
· On-going work in RAN4 
· Specify support for SUL with and without LTE/NR UL sharing only from network perspective in Rel-15 by Dec 2017
· As in current RAN1/RAN4 prioritization list
· Strive for specifying support for LTE/NR UL sharing from UE perspective in Rel-15 by June 2018 
· There is no NR L1/L2 impact after Dec 2017
· Completion of standalone NR has priority until June 2018
· No additional work specific to UL sharing from UE perspective in WGs until Dec 2017
As only two meetings are left, UE RF requirements should be discussed in this meeting and final CR should be agreed in next meeting.
2 Discussion

It should be noted that simultaneously LTE and NR transmission in one carrier or one band is almost unfeasible in Rel-15, because MPR is very hard to determine. So in the following discussion, we assume that LTE and NR transmissions are not simultaneously configured in one carrier or one band.
Table 1 below lists the analysis on UE RF requirements for SUL with and without LTE/NR UL sharing, in addition to LTE UE RF requirements and NR UE RF requirements. It should be noted that for band and band combination specific requirements for SUL including LTE/NR UL sharing, such as MSD, delta Tib and delta Rib, it is discussed in our another companion contribution [2], in this contribution only basic/general RF requirements are discussed for SUL with and without LTE/NR UL sharing.
Table 1 Additional UE RF requirements for SUL

	Clause
	Title
	Additional requirement for SUL with and without LTE/NR UL sharing

	6
	Transmitter characteristics
	

	6.1
	General
	

	6.2
	Transmitter power
	

	6.2.2
	UE Maximum Output power
	As LTE and NR should not be simultaneously configured in one carrier or one band, so no power sharing between LTE and NR is needed. This requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.2.3
	UE Maximum Output power for modulation / channel bandwidth
	As LTE and NR should not be simultaneously configured in one carrier or one band, so no power sharing between LTE and NR is needed. This requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.2.4
	UE Maximum Output Power with additional requirements 
	On the condition that LTE and NR transmissions are not simultaneously configured in one carrier or one band, so no power sharing between LTE and NR is needed. This requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.2.5
	Configured transmitted Power
	As LTE and NR should not be simultaneously configured in one carrier or one band, so no power sharing between LTE and NR is needed. This requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.3
	Output power dynamics
	

	6.3.1
	Min Output power
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.3.2
	Transmit OFF power
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.3.3
	ON/OFF Time masks
	Time mask between LTE and NR should be specified and the detail is discussed as below. Time mask in Figure 3 is proposed to be adopted.

	6.3.4
	Power control
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.4
	Transmit signal quality
	

	6.4.1
	Frequency Error
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

It should be noted that for SUL the downlink carrier coming from another band is used as the reference to derive the frequency. However, because the local crystal oscillator should be calibrated to be 0.1ppm, all the output of the PLL including the SUL RF PLL should be also locked to be 0.1ppm.

	6.4.2
	Transmit modulation quality
	

	6.4.2.1
	Error Vector Magnitude
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.4.2.2
	Carrier leakage
	As LTE and NR should not be simultaneously configured in one carrier or one band, carrier leakage level should be kept unchanged, and LTE and NR requirements can be applied separately.

It should be noted that the carrier leakage frequency is still under discussion for NR, and whether it still should be at the carrier frequency is FFS. So the carrier leakage frequency for SUL with NR/LTE UL sharing is still FFS and should consider the sub-carrier alignment.

	6.4.2.4
	In-band emissions
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.4.2.5
	EVM Equalizer spectrum flatness
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.5
	Output RF spectrum emissions
	

	6.5.1
	Occupied bandwidth
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.5.2
	Out of band emissions
	

	6.5.2.1
	Spectrum emission mask
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.5.2.2
	Additional Spectrum Emissions Mask
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.5.2.3
	Adjacent Channel Leakage Ratio
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.5.2.4
	Additional ACLR
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.5.3
	Spurious emissions
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	6.6
	Transmit intermodulation
	As LTE and NR should not be simultaneously configured in one carrier or one band, this requirement should be kept unchanged, and LTE and NR requirements can be applied separately.

	7
	Receiver characteristics
	

	7.1
	General
	

	7.2
	Diversity characteristics
	

	7.3
	Reference sensitivity power level
	Reference sensitivity for NR band with uplink configured in LTE refarming band is a band combination specific requirement and is discussed in [2].

	7.4
	Maximum input level
	Other receiver requirements should be kept unchanged.

	7.5
	Adjacent Channel Selectivity
	Other receiver requirements should be kept unchanged.

	7.6
	Blocking characteristics
	Other receiver requirements should be kept unchanged.

	7.6.1
	In-band blocking
	

	7.6.2
	Out-of-band blocking
	

	7.6.3
	Narrow band blocking
	

	7.7
	Spurious response
	Other receiver requirements should be kept unchanged.

	7.8
	Intermodulation characteristics
	Other receiver requirements should be kept unchanged.

	7.9
	Spurious emissions
	Other receiver requirements should be kept unchanged.

	Annex A.1
	General
	

	Annex A.2
	UL reference measurement channels
	

	Annex A.3
	DL reference measurement channels
	

	Annex C
	Downlink Physical Channels
	

	Annex D
	Characteristics of the interfering signal
	

	Annex E
	Environmental Conditions
	

	Annex F
	Transmit modulation
	


As for the time mask between LTE and NR, the example of “two band” scenarios as in Figure 1 should be related from both network perspective and UE perspective.
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Figure 1 Two band scenarios for SUL
For both above two scenarios, UE needs to switch from LTE to NR or vice versa to maintain two connections for both LTE and NR in 1.8GHz band. It means time mask between LTE/NR slot boundary needs to be specified.
In Case 1 and Case 2, the different UE architectures will lead to different switching or transition time, where the transient period is not taken into account. As shown in [5], the switching or transition time between LTE and NR could be minimized to almost zero with no RF retuning time. And take LTE and NR transient period into account. The minimum requirements for LTE-NR switching or transition time can be specified in the time mask.
Slot / Sub frame boundary time mask for LTE is specified as below figure, 20us transient period is needed for each slot at the boundary.
[image: image2.emf]20µs 20µs 20µs 20µs 20µs 20µs

Transient period Transient period Transient period

Start of N

+1

 power 

requirement

End of N

+1

 power 

requirement

N

+1

 Sub-frame 

Slot

i 

Slot

i+1 

N

0

 Sub-frame N

+2

 Sub-frame


Figure 2 Slot / Sub frame boundary time mask for LTE in [3]
For NR, in [4], the transient period in case of below 6GHz is10 to 20 us (10+10 us), which means there is at most 10us for each slot at the boundary.
For SUL with NR/LTE switching at slot boundary, following time mask is proposed combining LTE and NR requirements as in Figure 3. At NR/LTE slot boundary, there is 20us in LTE slot and [10]us in NR slot.

[image: image3]
Figure 3 Slot boundary time mask between LTE and NR
3 Conclusion
This contribution discusses general UE RF requirements for SUL with and without LTE/NR UL sharing from network perspective. Table 1 is proposed to be adopted and corresponding TP is provided.
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5.2
UE RF requirements

5.2.1
Transmitter requirements
It should be noted that simultaneously LTE and NR UL transmission in one carrier or one band is almost unfeasible in Rel-15 because MPR is very hard to determine for this case. So in the following, it is assumed that LTE and NR transmissions are not simultaneously configured in one carrier or one band.
5.2.1.1 Transmit power

On the condition that LTE and NR transmissions are not simultaneously configured in one carrier or one band, no power sharing between LTE and NR is needed. These powers related requirements should be kept unchanged, and LTE and NR requirements can be applied separately.

5.2.1.2 Output power dynamics
On the condition that LTE and NR transmissions are not simultaneously configured in one carrier or one band, the requirements of minimum/OFF output power time mask and power control should be kept unchanged, and LTE and NR requirements can be applied separately.

In addition, a new requirement of time mask between LTE and NR slot boundary is needed for LTE-NR DC scenarios with an LTE band, an NR SUL band and an NR TDD band, where the NR SUL band and LTE uplink operating band fall in the same frequency ranges. The example is shown in Figure 5.2.1.2-1. This new requirement is relevant for both UL NR-LTE coexistence with UL sharing only from network perspective and from UE perspective.
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Figure 5.2.1.2-1 Two band scenarios for SUL

For both two cases in Figure 5.2.1.2-1, UE needs to switch from LTE to NR and vice versa to maintain two connections for both LTE and NR in the band shared by LTE and NR. It means the time mask between LTE/NR slot boundary needs to be specified.

In Case 1 and Case 2, the different UE architectures will lead to different switching or transition time. The switching or transition time between LTE and NR could be zero, i.e., with no RF retuning time. And take LTE and NR transient period into account. The minimum requirements for LTE-NR switching or transition time can be specified as the time mask. 

Slot / Sub frame boundary time mask for LTE is specified as below figure, 20us transient period is needed for each slot at the boundary.
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Figure 5.2.1.2-2 Slot / Sub frame boundary time mask for LTE
For NR, the transient period in case of below 6GHz is10 to 20 us (10+10 us), which means there is at most 10us for each slot at the boundary.

For SUL with NR and LTE switching at slot boundary, following time mask should be specified to combine LTE and NR requirements as in Figure 5.2.1.2-3. At NR/LTE slot boundary, there is 20us in LTE slot and [10]us in NR slot.


[image: image6]
Figure 5.2.1.2-3 Slot boundary time mask between LTE and NR
5.2.1.3 Transmit signal quality

On the condition that LTE and NR transmissions are not simultaneously configured in one carrier or one band, the requirement of frequency error, EVM and in-band emission should be kept unchanged, and LTE and NR requirements can be applied separately.

It should be noted that for SUL, the downlink reference comes from another band. However, as the local crystal oscillator should be calibrated with the relative error of 0.1ppm, all the output of the PLL including the TX RF PLL should be also locked with the relative frequency error of 0.1ppm. So the maximum allowed frequency error for SUL can be defined as 0.1ppm.
For the carrier leakage requirement, the carrier leakage rejection should be kept unchanged, and LTE and NR requirements can be applied separately. However, it should be noted that the carrier leakage frequency is still under discussion for NR, and whether it still should be at the carrier frequency is FFS. 

For NR-LTE co-existence, in order to achieve sub-carrier alignment between LTE and NR, the channel raster for NR may be shifted by 7.5kHz compared to general NR channel raster, in this case the carrier leakage frequency may or may not at the carrier frequency in order not to exclude any implementations.
5.2.1.4 Output RF spectrum emissions
On the condition that LTE and NR transmissions are not simultaneously configured in one carrier or one band, these requirements should be kept unchanged, and LTE and NR requirements can be applied separately.
5.2.1.5 Transmit intermodulation
On the condition that LTE and NR transmissions are not simultaneously configured in one carrier or one band, these requirements should be kept unchanged, and LTE and NR requirements can be applied separately.
5.2.2
Receiver requirements
5.2.2.1 REFSENS

Reference sensitivity for NR band with uplink configured in LTE refarming band is a band combination specific requirement and is discussed in section 6.

5.2.2.2 Other receiver requirements

Other receiver requirements will be kept unchanged for NR band.
<End of Text Proposal>
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