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1 Introduction
Work item for Rel-15 NR was established in last RAN meeting [1]. NR-LTE co-existence is one important objective of this work item as below:
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In this contribution, several issues are discussed on band priority, how to define NR band for NR-LTE co-existence and impact on RF requirements.
2 Discussion

2.1 Prioritized bands in Rel-15

Considering the work load for NR in Rel-15, prioritizing the bands of NR-LTE co-existence can help us to arrange the resource and finish the feature in time. The high priority bands in our mind are listed as below:

1. C-band (3.3GHz-4.2GHz) +Band 3(1710 MHz -1785MHz) UL

2. C-band (3.3GHz-4.2GHz) +Band 8 (880 MHz-915MHz) UL

3. C-band (3.3GHz-4.2GHz) +Band 20 (832MHz-862MHz) UL

4. C-band (3.3GHz-4.2GHz) +Band 28(703MHz-748MHz) UL
2.2 Band definition
For NR-LTE co-existence, the LTE uplink operating band will be used for NR uplink transmission besides the uplink operating band of the NR new band itself. Therefore, there are totally two uplink operating bands corresponding to one downlink operating band. A new NR band for NR-LTE co-existence with two uplink operating bands can be defined as Band 2 in Table 1. This is different from legacy band definition which is either paired with one uplink and one downlink band or unpaired with only one band for both uplink and downlink.

Table 1 NR frequency band
	NR operating band
	Uplink operating band
	Downlink operating band

	1
	3.3GHz-4.2GHz
	3.3GHz-4.2GHz

	2
	1710MHz-1785MHz,
3.3GHz-4.2GHz
	3.3GHz-4.2GHz

	Note: Band 2 support UL sharing with LTE.


If NR-LTE dual connectivity also supports NR-LTE UL sharing, then the DC band combination can be defined as below in Table 2.

Table 2 NR-LTE Dual connectivity band combination
	NR-LTE DC band combination
	LTE operating band
	NR operating band

	DC_L3-N2
	3
	2

	Note: DC_L3-N2 support UL sharing with LTE.


2.3 RF requirements
Reference UE architectures for NR-LTE co-existence is very similar as corresponding NR-LTE DC like in Figure 1. These are representative architectures; however the analysis should be applicable to other architecture as well.
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Figure 1 Reference UE architectures for NR-LTE co-existence
From RF requirements point of view, following RF requirements are identified which need to be studied additionally to corresponding NR bands and NR-LTE DC band combination:

1. UE receiver requirements in new NR DL band with transmission in low UL band, e.g. self-desense due to NR UL transmission and flexible duplex distance, harmonic issues;

2. BS receiver requirement should be revisited which is similar as NB-IoT in-band operation;
· In RAN4 it is agreed for sub-6GHz NR BS receiver requirements should reuse LTE BS receiver requirements as much as possible

· Therefore, the new RX requirements for mixed LTE and NR in a carrier can reuse LTE or NR BS RX requirements.
3. Intermodulation issues if two uplinks are allowed to transmit simultaneously;

Detailed analysis for each RF requirement is given in Table 3 and Table 4 for UE and BS respectively. Only conductive requirements are considered here.

Table 3 UE RF requirements

	Clause
	Sub-clause
	Requirement for single band (e.g. Band 3, C-Band)
	Additional requirement for NR-LTE DC (e.g. Band 3+C-Band)
	Additional requirement for NR-LTE Coexistence band (e.g. Band 3 UL+C-Band)

	Transmit power
	UE maximum output power
	Can reuse LTE requirement for NR in sub-6GHz
	New requirement for 2UL, can reuse LTE DC requirement
	　

	
	UE maximum output power for modulation/ channel bandwidth
	Need to specify new requirements for new waveform
	　
	　

	
	UE maximum output power with additional requirements
	Need to specify new requirements for new waveform
	　
	　

	
	Configured transmit power
	Can reuse LTE requirement for NR in sub-6GHz
	New requirement for 2UL, can reuse LTE DC requirement, including ΔTIB
	　

	Output power dynamics
	Minimum output power
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	Transmit OFF power
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	Transmit ON/OFF time mask
	Can use LTE requirement as starting point for NR in sub-6GHz, further improvement can be discussed
	　
	　

	
	Power control
	Can use LTE requirement as starting point for NR in sub-6GHz, further improvement can be discussed
	　
	

	Transmit signal quality
	Frequency error
	Can reuse LTE requirement for NR in sub-6GHz
	　
	

	
	EVM
	Can reuse LTE requirement for NR in sub-6GHz for the same modulation scheme
	　
	　

	
	Carrier leakage
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　


	
	In-band emission
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	EVM equalizer spectrum flatness
	Can reuse LTE requirement for NR in sub-6GHz for same channel bandwidth
	　
	　

	Output RF spectrum emissions
	Occupied bandwidth
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	SEM
	Can reuse LTE requirement for NR in sub-6GHz for same channel bandwidth
	　
	　

	
	ACLR
	Can reuse LTE requirement for NR in sub-6GHz for same channel bandwidth
	　
	　

	
	Spurious emissions
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	Transmit Intermodulation
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	Reference sensitivity
	New SNR for NR and UL/DL interfering need to be studied
	New requirement for 2UL, can reuse LTE CA methodology for MSD due to self-desense, HD and IMD
	New requirement for NR-LTE co-existence, can reuse LTE CA methodology for MSD due to self-desense (flexible duplex distance), HD and IMD

	Maximum input level
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	ACS characteristics
	Can reuse the same interfering signal level/frequency offset and desensitivity value with new NR REFSENS
	　
	　

	Blocking/Spurious response/Intermodulation characteristics
	Can reuse the same interfering signal level/frequency offset and desensitivity value with new NR REFSENS
	　
	　

	Spurious emissions
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	FRC
	New FRC for NR needed
	　
	　


Table 4 BS RF requirements
	Clause
	Sub-clause
	Requirement for single band (e.g. Band 3, C-Band)
	Additional requirement for NR-LTE DC (e.g. Band 3+C-Band)
	Additional requirement for NR-LTE Coexistence band (e.g. Band 3 UL+C-Band)

	Base station output power
	Minimum requirement
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	Additional requirement (regional)
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	Home BS output power
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	Output power dynamics
	RE power control dynamic range
	Need to revisit the neccessity for NR
	　
	　

	
	Total power dynamic range
	Need to revisit the neccessity for NR
	　
	　

	Transmit ON/OFF power
	Transmitter OFF power
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	Transmitter transient period
	Can use LTE requirement as starting point for NR in sub-6GHz, further improvement can be discussed
	　
	　

	Transmit signal quality
	Frequency error
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	EVM
	Can reuse LTE requirement for NR in sub-6GHz for the same modulation scheme
	　
	　

	
	Time alignment error
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	DL RS power
	Need to revisit the neccessity for NR
	　
	　

	Unwanted emissions
	Occupied bandwidth
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	ACLR
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	Operating band unwanted emissions
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	
	Transmitter spurious emissions
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	Transmit Intermodulation
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	Reference sensitivity level
	New SNR for NR need to be studied
	　
	New requirement for mixed LTE and NR within a carrier need to be studied, similar as NB-IoT in-band operation

	Dynamic range
	Can reuse the same interfering signal level and desensitivity value for new NR REFSENS
	　
	

	In-channel selectivity
	Can reuse the same interfering signal level/location and desensitivity value for new NR REFSENS
	　
	

	ACS and narrow-band blocking
	Can reuse the same interfering signal level/frequency offset and desensitivity value with new NR REFSENS
	　
	

	Blocking
	General blocking requirement
	Can reuse the same interfering signal level/frequency offset and desensitivity value with new NR REFSENS
	　
	

	
	Co-location with other base stations
	Can reuse the same interfering signal level/frequency offset and desensitivity value with new NR REFSENS
	　
	

	Receiver spurious emissions
	Can reuse LTE requirement for NR in sub-6GHz
	　
	　

	Receiver intermodulation
	Can reuse the same interfering signal level/frequency offset and desensitivity value with new NR REFSENS
	　
	

	FRC
	New FRC for NR needed
	
	New FRC for mixed LTE and NR within a carrier needed


Conclusion
In this contribution, several issues related to NR-LTE co-existence are discussed and some proposals are proposed as below:

Proposal 1: The high priority bands for NR-LTE co-existence in Rel-15 are:

1. C-band (3.3GHz-4.2GHz) +Band 3(1710 MHz -1785MHz) UL

2. C-band (3.3GHz-4.2GHz) +Band 8 (880 MHz-915MHz) UL

3. C-band (3.3GHz-4.2GHz) +Band 20 (832MHz-862MHz) UL

4. C-band (3.3GHz-4.2GHz) +Band 28(703MHz-748MHz) UL
Proposal 2: It is proposed to adopt Band definition for NR-LTE co-existence as in Table 1.
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-	NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];


-	Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.


-	Minimize impact to NR physical layer design to enable this co-existence.


-	No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR


-	No implication that UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier
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