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1
Introduction
RAN1 NR Ad-Hoc#2 agreed a LS on Single UL transmission in [1] following its earlier agreement in RAN1#89 [2] that 5G NR needs to support non-standalone (NSA) NR UEs, which may not capable of transmitting two uplinks at the same time when in LTE-NR Dual Connectivity (DC) configuration i.e. NR needs to support 1Tx UEs for LTE- NR DC. This contribution continues the discussion on related RAN4 aspects started already in our earlier RAN4 contribution in [3]. 
2
Discussion
The RAN4 June ad hoc discussed LTE – NR Dual Connectivity (DC) issues and need for supporting single Tx transmission to resolve some of the UE RF implementation issues like intermodulation products which degrade DL sensitivity especially in certain LTE – NR frequency band combinations. As discussed in [3], RAN4 has already defined number of LTE band combinations where this type of UE RF implementation issues and performance degradations exist. When defining the LTE band combination requirements, RAN4 has done analyses for each band combinations and based on the analyses, RAN4 has e.g. agreed relaxations to the UE Rx sensitivity requirements caused by the UL transmissions. We see that similar approach for identifying and analyzing problematic band combinations would also work well for LTE – NR DC. 
Following the RAN Plenary #75 agreement in accordance with RP-170756 agreed RAN4 is updating the LTE-NR frequency band combinations. RAN4 has also agreed to develop TR 37.863 “Technical Specification Group Radio Access Networks; Dual connectivity (DC) band combinations of LTE 1DL/1UL + one NR band”. The scope of TR 37.863 is to gather the relevant background information and studies in order to address Dual connectivity (DC) band combinations of LTE 1DL/1UL + one NR band for the Rel-15 band combinations.  The current TR draft has already place holders for capturing some of the UE coexistence issues e.g. Table 6.X.3-1 lists Band x +Band y 2UL DC 2nd and 3rd order harmonics and 2nd, 3rd, 4th and 5th order IMD for the UE-to-UE coexistence analysis. We see that this TR could also be used for capturing what solutions can be used for overcoming UE RF implementation and co-existence issues in addition for identifying problematic LTE – NR band combinations. 
In the table below we have drafted one example how RAN4 could capture if a given LTE – NR band combination has UE RF implementation and co-existence issues and if 1Tx only transmission is allowed for UE in the given band combination.
Table 1: New LTE-NR DC combinations of the WI for LTE 1 CC + NR 1 band combination
	Combination
	contact

name, company
	contact

email
	other supporting companies

(min. 3)
	status

(new, ongoing, completed, stopped)
	Possible UE co-existence issues [yes/no]
	Single Tx only UE solution  allowed [yes/no]

	LTE bands

	NR1
(Frequency range/LTE bands)
	
	
	
	
	
	

	1
	3.3-4.2 GHz
	Suguru Okuyama 
NTT DOCOMO
	suguru.okuyama.zw@nttdocomo.com
	Nokia, NEC, Fujitsu
	new
	
	

	1
	3.3-3.8GHz
	HAN Bin 
China Telecom
	hanbin.bri@chinatelecom.cn
	To be added later
	new
	
	


Proposal 1: RAN4 to identify LTE-NR band combinations having UE RF implementation and co-existence issues and defining in which band combinations UE may only be able to transmit with single Tx during LTE-NR DC.
RAN1 has sent a LS to RAN2, RAN3 and RAN4 on single UL transmission with RAN1’s agreements in [1]. 
Agreements:
· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used

· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 

· FFS: Signaling to UE of UL transmission timing pattern

· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier

· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:

· DL-reference UL/DL configuration for TDD

· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell

· Up to NW implementation (i.e., no RAN1 spec. impact)

· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 

· Other solutions are not precluded

RAN1 is currently working on a solution for enabling single UL transmission but RAN1 has not been discussing or analysing further in which cases single transmission is actually needed and when e.g. relaxation in DL Rx sensitivity requirements is sufficient. As RAN4 will anyway analyse all the agreed Rel-15 LTE – NR band combinations, RAN4 could already now indicate to RAN1, RAN2 and RAN3 that it will provide information for which LTE- NR band combinations single UL transmission may be needed. Based on this information UEs can then be allowed to use 1Tx transmission in the identified problematic LTE - NR band combinations.  
3
Conclusions

This contribution continued the discussion on NR supporting 1Tx UE in LTE-NR UL Dual Connectivity. The contribution makes the following proposals for further RAN4 work and what additional information RAN4 could provide to other RAN WGs.
Proposal 1: RAN4 to identify LTE-NR band combinations having UE RF implementation and co-existence issues and defining in which band combinations UE may only be able to transmit with single Tx during LTE-NR DC.
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