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Introduction
There have been many agreements regarding NR and LTE coexistence: 
It was also agreed in the Rel. 14 NR study item phase [1] that, at least for collocated LTE and NR base stations, a dual connectivity UE with both LTE and NR uplink in the same uplink carrier can be supported.
· LTE-NR co-existence should support the following UL sharing scenarios:
· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE
· Detailed sharing on the UL is FFS 
· Note: this is not intended to have impact on legacy LTE UEs
· LTE DL on a paired frequency F3
· NR DL transmission on frequency F2 (different than LTE DL frequency)
· NR UE operates in either of the following cases based on a common NR design:
· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 
· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2
· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).
· NR DL and UL frequencies (and/or NR band number) are signaled by RRC
· Non-collocated LTE and NR base stations is FFS

It was decided in RAN plenary that NR and LTE co-channel coexistence will be supported in Rel. 15 [2]:
-	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
All the above agreements focus on the coexistence scenario that NR and LTE share a LTE carrier. In RAN1 89 , a new issue was raised [3] that the interference can be generated from the combination of LTE and NR UL signals and can degrade the LTE receive performance, which is also known as IM (intermodulation) issue for some specific UL CA band combinations. Following agreements are reached aiming to solve the IM issue:

Agreements:
· For NR NSA for a UE, NR supports the case that when the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers
· FFS whether or not there is specification impact
· If there is RAN1 specification impact, aim to minimize the specification impact for NR
· Note: this feature by itself is not intended to have any LTE RAN1 specification impact 
· Note: the other case of allowing simultaneous operation on two or more UL carriers is already agreed to be supported

In RAN1 AH-2 meeting, further agreements regarding IM issues were agreed: 
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
· 
In RAN1 AH-2 meeting, harmonic related self-interference was also recognized and corresponding agreements were reached:
Agreements:
· RAN1 to continue study the solution(s) to mitigate UE self-interference due to the simultaneous transmission and reception at the same time 
· Note: the issue is particular applicable for specific band combination(s) (e.g. harmonics related issues)
· Note: the issue can be addressed if UE is not mandated to transmit on one carrier (F1) and receive on another carrier (F2) at the same time

For a better understanding of harmonic related self-interference issue, we discuss different kinds of solutions in this paper.
Discussion on the harmonic related self-interference
When a UE is configured with both LTE and NR connections, assuming LTE is on the lower frequency band and NR is on the higher frequency band (such as sub 6G band), if the frequency of NR band is multiple of the frequency of LTE band, then the harmonic related self-interference will happen:  
· Harmonic 
This kind of interference comes from the harmonic of lower band LTE UL signals to the NR DL signals when the harmonic of LTE UL frequency falls into NR DL frequency [8].  We illustrate this kind of interference in Fig.1 One example is that when a UE is simultaneously transmitting on B3 (LTE) and receiving on NR sub-6G band B42 (3.4G~3.6G), interference from H2 of B3 will fall into NR receiver.


Fig.1 Illustration of interference from Harmonic
· Harmonic mixing
This kind of interference [4, 7] comes from NR higher band UL signals to the LTE lower band DL signals when the harmonic of LTE DL frequency signal mixes with high frequency signals.  We illustrate this kind of interference in Fig.3. One example is that when a UE is simultaneously transmitting on B41 (3.3G~4.2G) and receiving on LTE B26, interference from H3 of B41 UL will fall into LTE B26 receiver.


Fig.2 Illustration of interference from Harmonic mixing

The major NR sub-6G band is 3.3~4.2G, which has the multiple times of frequency relation with many LTE bands, such as B1/B3/B5/B8,[5,9] etc. That is why harmonic related self-interference will be a common issue in NR(sub-6G)+LTE case. 

In theory, proper NR band definition or planning may solve the issue. For example, do not define the band combination case with severe self-interference or assign proper NR band to proper operators so that there will be no self-interference issue at least within an operator. However, in practice, the above consideration may not be feasible. For the first place, based on current analysis, the harmonic related interference exists for many major LTE bands, such as B3, it is not likely to exclude those major LTE bands from the NR+LTE band combinations. On the second place, even within one operator, avoiding harmonic related interference is not so easy through band planning. One good example is that there are H2 interference between B3 (1.8G) and B42 (3.4~3.6), there are also H4 interference between 800~900M (GSM band) and B42. It is common for an operator to own spectrum both on 800~900M and 1.8G. Considering band allocation for 800~900M and 1.8G across different operators in a country, band planning may not be always feasible to solve the harmonic related interference.
Observation 1: There should be more investigations on band definition or planning on solving harmonic related self-interference issue

The other possible way to solve the harmonic related self-interference is through UE RF implementation. This issue was investigated in RAN4 Class A2 inter-band CA discussion [4, 7, 8].  Based on those discussions, the most major interference is the leakage from the PA to LNA through PCB board. For example, for B3+B42 case [6], with 70dB PCB isolation, RAN4 concludes more than 20dB receive sensitivity degradation (MSD), which is generally infeasible for UE vendor to suppress through RF design. 
Observation 2: With reasonable PCB isolation assumption, it is difficult for UE vendor to suppress the harmonic related self-interference through UE RF design.  

In RAN1 May and June meeting, the scheduling based solution was intensively discussed and agreed to solve the IM related self-interference issue. Similarly, scheduling based solution can also be considered to solve the harmonic related self-interference. The harmonic related self-interference happens if following two conditions are both satisfied: 
1. An uplink transmission and downlink reception are scheduled for a UE simultaneously; 
2. Those UL and DL scheduling has multiple times of frequency allocation relationship.
 If any of the above condition is broken, then the harmonic related self-interference can be avoided.

To break condition 1, it is required to schedule a UE in a half-duplex way. For NR+TDD LTE, this can be done in a simple way as NR can be configured with same configuration as TDD LTE. For NR+FDD LTE, the half-duplex may severely affect the system performance, thus may not be an ideal solution. 

Observation 3: Half-duplex is a simple solution for NR+TDD LTE case; while may not be an ideal solution for NR+FDD LTE case.

Breaking condition 2 needs to avoid the colliding scheduling between UL and DL. Here, colliding scheduling refers the UL/DL frequency resources have multiple times of frequency location. There are several ways to achieve this:
· eNB and gNB can exchange the frequency allocation information for a UE in a semi-static way, so that colliding scheduling can be avoided 
· NR UE can report LTE scheduling information, i.e, UL/DL SPS, to NR gNB, so that NR gNB can avoid the colliding scheduling which will generate self-interference
· NR UE can be allowed to skip UL or DL scheduling if these scheduling can generate the harmonic related self-interference
 
The above examples are some illustrations for the feasible ways to avoid colliding UL/DL scheduling. But more investigations and careful evaluation are needed so that a good balance can be achieved between system performance and UE implementation complexity. 

Observation 4: There are feasible ways to avoid the colliding UL/DL scheduling which can generate harmonic related self-interference 

Based on the above observations, it is seen that the scheduling based solution can achieve the good balance between system performance and UE RF complexity. Thus we propose that:

Proposal 1: NR should target scheduling based solution to solve the harmonic related self-interference if there are no feasible solutions on band definition/planning or UE RF design

[bookmark: _Ref378529477]Conclusions
In this contribution, we discuss the harmonic related self-interference issue. We have the following observation:
Observation 1: There should be more investigations on band definition or planning on solving harmonic related self-interference issue
Observation 2: With reasonable PCB isolation assumption, it is difficult for UE vendor to suppress the harmonic related self-interference through UE RF design.
Observation 3: Half-duplex is a simple solution for NR+TDD LTE case; while may not be an ideal solution for NR+FDD LTE case.
Observation 4: There are feasible ways to avoid the colliding UL/DL scheduling which can generate harmonic related self-interference
With all the above observations, we propose:
[bookmark: _GoBack]Proposal 1: NR should target scheduling based solution to solve the harmonic related self-interference issue if there are no feasible solutions on band definition/planning or UE RF design


References
[1] [bookmark: _Ref481387100][bookmark: _Ref478051053][bookmark: _Ref430766234]3GPP RAN1 NR Ad-Hoc Chairman Notes, “Chairman’s Notes RAN1 NR Ad-Hoc final”, Spokane, USA, January 16th-20th, 2017.
[2] RP-170847, “New WID on New Radio Access Technology”, 3GPP TSG RAN meeting #75, Dubrovnik, Croatia, March 6th-9th, 2017.
[3] R1-1708276, Apple, Uplink sharing in NSA mode
[4] R4-145696, Media Tek, Class A2 CA with lower-band receiver harmonic mixing problem
[5] R4-1704759, Samsung, Co-existence analysis on LTE-NR band combinations
[6] 3GPP TS 36.101 V14.3.0 (2017-03), “User Equipment (UE) radio transmission and reception (Release 14)”
[7] R4-150137, Intel, Receiver harmonic mixing issue in Class A2
[8] R4-147741, Qualcomm, B3+B42 A2 CA combination
[9] R4-1703219, Intel, Potential coexistence consideration on LTE-NR band combination




5/6
image1.emf
LTE 

NR  sub 6G

LTE

UL

LTE

DL

NR

DL

H

a

r

m

o

n

i

c

 

f

r

o

m

 

L

T

E

 

U

L

 

i

n

t

e

r

f

e

r

e

 

N

R

 

D

L


oleObject1.bin

image2.emf
LTE 

NR  sub 6G

LTE

DL

NR

UL

H

a

r

m

o

n

i

c

 

m

i

x

i

n

g

 

f

r

o

m   N

R

 

U

L

 

i

n

t

e

r

f

e

r

e

 

L

T

E

 

D

L


oleObject2.bin
LTE
DL


NR
UL



