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1. Introduction 
RAN2 received an LS from RAN1 in [4] highlighting following RAN1 agreements for supplementary uplink: 
	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


In RAN#77, single transmission vs dual transmission in UL for LTE-NR DC was discussed. 
According to the LS RP-172100, the basic principles for RAN2 was outlined in RP-172085, e.g. UE capability indicates that the UE does not allow 2 simultaneous UL transmissions for the RAN4 specified channel allocations in a given band combination. In RAN1 NR#3, the following consensus on LTE-NR co-existence have been reached.
	Agreement:

· Following Backhaul signalling is specified (enhanced X2 and Xn) to facilitate time-domain and frequency domain based network scheduling solution in case of harmonic interference from UL to DL, send LS to RAN3 to ask them to specify the signalling details:
· Semi-static time pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· Semi-static frequency pattern indicating intended reception/transmission on an LTE UL carrier and an NR DL carrier on non-overlapping frequencies 

· These patterns can be at least UE-specific. 




And in offline discussion, the following topics were addressed.

Discuss further offline: 

· For the EN-DC case, the LTE DL reference HARQ timing can be signalled to the UE when time-domain based network scheduling solution is used; reuse the signalling for single UL Tx operation.
· FFS TDM pattern between an LTE UL carrier and NR DL carrier can be signaled to UE
· If UE is scheduled with simultaneous LTE UL Tx and NR DL Rx, and there is UE self-interference between them due to harmonic issues, down select among following options

· Option 1: UE behaviour is not specified, i.e. up to UE implementation

· Option 2: Specify that UE consider the above scheduling to be error case

· Option 3: Specify the UE behaviour, e.g. channel dropping rule between the Tx and Rx. 

· Specification impacts to non-EN-DC UEs
· No specification impacts for UE configured with LTE only
· FFS specification impacts for UE configured with NR-NR DC
· to be addressed after solutions for EN-DC is finalized.
In this contribution we discuss LTE-NR coexistence issue from RAN2 point of view and an accompanying TP proposal is provide as well.
2. Discussion

2.1 EN-DC framework for coexistence

From coexistence point of view, we think there are two cases emerging from the LS from RAN1 and WI objectives:

Case 1: Both NR-UL and NR-DL share LTE spectrum
RAN1 studied to use MBSFN subframes in LTE for DL transmission of NR. LTE allows subframes 0,4,5,9 for FDD and TDD 0,1,2,5,6 to be configured as MBSFN subframes. Legacy LTE UEs ignore these subframes and this aspect has been used for many purposes e.g. energy saving, MBMS transmission, Relay operation etc. 
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Figure 1: TDM NR & LTE transmissions
However, use of MBSFN subframe configuration is an example and other schemes like e.g FDM / TDM sharing between two RATs for the same spectrum or resource co-location of RATs in a backwards compatible manner can be utilised.

WI description proposes to use the same component carrier for LTE and NR for UL as well. UL resources could be shared dynamically between LTE and NR or there could be static split on the network side. But from UE point of view, UE will perform UL transmission on allocated resources, be it LTE or NR. 
Two possibilities exist for the coexistence:
· Separate initial access, mobility, and System Information on LTE and NR. This approach is suitable for eventual migration path from LTE to NR when LTE will be phased out. NR aspects should be covered as part of Stand Alone (SA) design. NR Synchronisation signals, Paging and SI transmission should take place in the confined resources and will require flexibility in the NR SA design. It is our assumption that RAN1 is already working on the principle to allow flexible configuration for NR initial access. 
· Initial access, Paging, and SI from LTE and use NR as a DC component carrier. This approach will allow long term coexistence of LTE and NR RAT. MR-DC framework can be reused. 
Figure below provides user plane protocol stack option based on multi RAT connectivity between LTE and NR for LTE-NR coexistence in the same bandwidth: 
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Figure 2: Dual connectivity between LTE and NR sharing the same component carrier

Figure 1 shows DL frame structure as reference and in principle apply to UL as well. This protocol stack should be applicable for both collocated and non-collocated deployment. Collocated deployment where LTE and NR share the same antenna, and non-collocated where LTE and NR have separate antennas on the network side. Strict division of subframes may not be applicable to collocated/non-collocated case if interference mitigation techniques are used or information is exchanged about unused resources and other techniques such as mini-slots are used in NR. 

Case 2: Only UL is shared with LTE (SUL)
NR UE needs to be informed about UL sharing and legacy UL structure (RA resources, SRS) is maintained for legacy LTE UEs. 
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Figure 3: FDM NR & LTE transmission
From upper layers point of view, we think MR-DC framework can still be used considering LTE as master and NR DL or UL/DL carrier as SN or vice versa. This should cover CN connectivity options like connection to 5GC or EPC. One of the benefits of using MR-DC framework will be that both protocol layer designs, NR and LTE radio protocols, can evolve independently. NR enhancements for NR-RLC and NR-MAC and CU-DU split on the network side can be utilised. 
RAN4 added following band combinations for LTE-NR coexistence [5] as shown below:
Example:    Table 1: NR operating bands

	NR Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	1
	880 MHz
	–
	915 MHz 
	925 MHz
	–
	960 MHz
	FDD

	2
	3300 MHz
	–
	3800 MHz
	3300 MHz
	–
	3800 MHz
	TDD

	3
	880 MHz
	–
	915 MHz
	
	N/A
	
	-

	4
	1710 MHz
	–
	1785 MHz
	
	N/A
	
	-


Table 2: SUL and NR band combinations

	NR SUL Band Combinations
	NR Band

(Table x)

	SUL_2-3
	2, 3

	SUL_2-4
	2, 4


RAN1 in addition has identified that Supplementary Up Link (SUL) use case exists because of 10-15 dB difference in the link budget between UL and DL due to beamforming in DL and absence of beam forming on uplink. We therefore think that UL traffic split between SUL, LTE, and NR UL should be enhanced to take NR UL radio conditions into account. We therefore propose that: 
Proposal 1: EN-DC framework is used for LTE-NR coexistence.
Proposal 2: Both cases (UL/DL sharing and SUL) are captured in stage-2 Annex as deployment options.
Carrier aggregation below MAC sublayer between LTE and NR was ruled out in the SI phase. We therefore propose to rule it out for the WI phase as well. Carrier aggregation will also prohibit exploiting enhancements for NR-RLC and NR- PDCP sublayers. We therefore propose that:

Proposal 3: Carrier aggregation between LTE and NR in LTE-NR coexistence shall not be pursued as an option.
2.2 Mobility in MR-DC LTE-NR coexistence

There are many options in LTE-NR coexistence regarding e.g. connectivity to core network (5GC or EPC), and different cell having configurations ranging from no coexistence to coexistence on UL only or coexistence on both UL and DL . In these scenarios, it seems delta signalling during handover is not feasible in all the options listed above. This depends on target cell connectivity and configuration. For simplicity, we therefore propose that:

Proposal 4: Mobility in coexistence scenarios should follow EN-DC, LTE connected to 5GC framework depending on the configuration of target cell. 

2.3 Single TX
From the agreements reached so far, on certain problematic band combinations due to receiver sensitivity degradation and IMD to be identified by RAN4, UE can transmit either on LTE or NR uplink at a given time, e.g. to indicate that the UE does not allow two simultaneous UL transmissions via UE capability signalling or an UL activity pattern which is negotiated between gNB and eNB will be signalled to UE in order to realize the switch between LTE and NR uplink. While it is envisaged that with proper power control on both LTE and NR uplink, the downlink performance degradation due to self-interference issue could be improved. Therefore the simultaneous LTE and NR uplink transmissions could be supported coming with the benefits that high throughput on NR uplink can be further explored comparing with single uplink transmission. We propose that:
Proposal 5: Simultaneous LTE and NR uplink transmissions with power control on problematic band combinations to be studied by RAN4 should be considered as an option to support LTE-NR co-existence. The designated power control strategy would be left to RAN1 for further study.
It is only the UE who has the ability to detect the co-existence problem due to intermodulation issue. The network has no direct understanding of whether a UE is experiencing performance degradation due to LTE and NR simultaneous uplink transmissions or not. So this means that for the network to get knowledge about the co-existence problem, the UE has to send an indication to network once the problem occurs.
Proposal 6: Explicit triggers and signalling from UE to network should be studied in order to support simultaneous LTE and NR uplink transmissions on problematic band combinations.
3. Conclusion
We propose RAN2 to discuss and agree following proposals:
Proposal 1: EN-DC framework is used for LTE-NR coexistence.

Proposal 2: Both cases (UL/DL sharing and SUL) are captured in stage-2 Annex as deployment options.
Proposal 3: Carrier aggregation between LTE and NR in LTE-NR coexistence shall not be pursued as an option.
Proposal 4: Mobility in coexistence scenarios should follow EN-DC, LTE connected to 5GC framework depending on the configuration of target cell.
Proposal 5: Simultaneous LTE and NR uplink transmissions with power control on problematic band combinations to be studied by RAN4 should be considered as an option to support LTE-NR co-existence. The designated power control strategy would be left to RAN1 for further study.

Proposal 6: Explicit triggers and signalling from UE to network should be studied in order to support simultaneous LTE and NR uplink transmissions on problematic band combinations.
A text proposal is provided below
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Text proposal

Annex: LTE-NR coexistence deployment scenario
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Figure 1: TDM NR & LTE transmissions
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Figure 2: FDM NR & LTE transmission
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4.1.2
MR-DC with the EPC
E-UTRAN supports MR-DC via E-UTRA-NR Dual Connectivity (EN-DC), in which a UE is connected to one eNB that acts as a MN and one gNB that acts as a SN. The eNB is connected to the EPC and the gNB is connected to the eNB via the X2 interface.
EN-DC framework is also used for LTE-NR coexistence whereby LTE spectrum is shared with NR for either UL &DL or uplink only (SUL).
Single TX

Due to intermodulation and receiver desensitizing issue, UE may not be able to perform simultaneous transmission on both LTE and NR uplinks in certain band combinations. UE will indicate these band combinations in UE capability and uplink transmission takes place assuming single TX in the UE.

However, due to power control adjustments and radio conditions, UE should be able to perform simultaneous transmission on problematic band combinations. FFS for the detailed technique. 
[image: image6.png][ LTE Subframes

LTE transmissions

T

— vy
[o[s[2[3]4]s[e7[8]5]
| l

NR transmissions

e
Time



[image: image7.png]Frequency

LTE Transmission

Time



[image: image8.png]NR-PDCP

LTE-RLC NR-RLC

LTE-MAC NR-M:'AC
LTE-HARQ NR-HARQ,




