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1 Introduction
LS on the support of supplementary uplink in NR were sent from RAN1 in last meeting.

	Specify mechanisms for supporting supplementary Uplink frequency 

· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective

· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 

· Note: The SUL frequency can be a frequency shared with LTE UL (at least for the case when NR spectrum is below 6 Ghz).

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

· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion


SUL provides another UL resource for NR. In this contribution, SUL and band definition regarding SUL in NR-LTE co-existence are discussed.
2 Discussion

Supplementary Uplink frequency provides another UL resource for NR. However, it does not mean this additional UL resource can be transmitted simultaneously with the original UL resource. This SUL is also not the same with CA because UE can select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency during the initial access procedure. If the SUL frequency is a frequency shared with LTE UL (at least for the case when NR spectrum is below 6 GHz), then it is NR-LTE co-existence.
Therefore, 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. There are totally two uplink operating bands corresponding to one downlink operating band. Two options are proposed as below for NR band definition.

Option 1: 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-3.8GHz
	3.3GHz-3.8GHz

	2
	1710MHz-1785MHz
	3.3GHz-3.8GHz

	
	3.3GHz-3.8GHz
	

	Note: Band 2 support UL frequency sharing with LTE in 1710MHz-1785MHz. 


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

	DC_L3-N2
	3
	2

	Note: DC_L3-N2 support UL sharing with LTE.


Option 2: Define a new NR uplink only band as Band 2 in Table 3 and NR-LTE coexistence combination with this SUL band as in Table 4. 
Table 3 NR frequency band
	NR operating band
	Uplink operating band
	Downlink operating band

	1
	3.3GHz-3.8GHz 
	3.3GHz-3.8GHz 

	2
	1710MHz-1785MHz 
	N/A 

	Note: Band 2 is only applied for UL frequency sharing with LTE with another NR band.


Table 4 NR frequency band with LTE coexistence
	LTE-NR Coexistence band
	NR operating band with LTE coexistence
	NR operating band

	LNC_2-1
	2
	1


As the LS said, UE may select PRACH resources either in the NR TDD uplink frequency (Band 1 in Table 3) or the SUL frequency (Band 2 in Table 3). This makes different from CA mechanism in which SCC (Band 2 in Table 3) can be only configured after RRC connection and for PRACH transmission only PCC is available (Band 1 in Table 3), so different table and different naming (LNC rather than CA) is used in Table 4. 
If LTE-NR dual connectivity also supports NR-LTE UL sharing, then the DC band combination can be specified as below in Table 5. 
Table 5 LTE-NR Dual connectivity band
	LTE-NR DC band
	LTE operating band
	NR operating band

	DC_L3-(LNC_2-1)
	3
	LNC_2-1

	Note: DC_L3-(LNC_2-1) support UL sharing with LTE.


Compared with option 1, option 2 needs one more table in the specification and complicated to be involved in DC.

From RF requirements point of view, both option 1 and option 2 needs to specify following RF requirements so they are the same in this aspect.

1. NR UL requirements at both UE and BS in LTE band;

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. Harmonic and intermodulation issues.
In summary, option 1 and option 2 are compared in Table 6. 

Table 6 Comparison with option 1 and option 2
	Parameter
	Option 1
	Option 2

	RAN4 definition
	Conciseness and easy to be included in DC
	One more table to define NR-LTE co-existence and complicated to be involved in DC

	RF requirements
	Same
	Same

	Conclusion
	Prefer
	Not prefer


Conclusion
This contribution discusses SUL and how to define NR band for LTE-NR co-existence. Both option 1 and option 2 are feasible and there is less difference on UE implementation between them. However, Option 1 is preferred and proposed to be adopted.
	NR operating band
	Uplink operating band
	Downlink operating band

	x
	1710MHz-1785MHz
	3.3GHz-3.8GHz

	
	3.3GHz-3.8GHz
	

	Note: Band x support UL frequency sharing with LTE in 1710MHz-1785MHz. 
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