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Introduction
Following on the discussions from the last RAN3 meeting #97 bis in Prague, we present a brief analysis of the network issues associated with LTE and NR coexistence. 
When the UE is transmitting at the same time on two uplink frequencies, intermodulation products can cause interference in some or all of the UE’s receive bands.
At last RAN 3 meeting several documents (e.g. R3-173581, R3-173860, R3-173696 and Way Forward R3-17174150) discussed this – but their focus seemed to be on cases where the UE is transmitting NR and LTE within the same or overlapping or adjacent bands. However, the interference issues also exist for parts of widely spaced bands, e.g. when a UE is using 1800 MHz and 3.5 GHz bands.
This problem needs solving urgently.
Review of the existing documents shows that there are likely to be several components in the solution:
a) Exchange of cell information (e.g. uplink frequencies, bandwidth) at X2 Setup with en-gNB
b) Decision on “per UE” or “per cell pair” mitigation 
c) Decision on master/slave or multi-step negotiation process
d) Coding of FDM and TDM parameters.
One underlying assumption is that the LTE and NR cells are synchronised, with the accuracy needed for TDD operation (if this is not the case, X2 signalling to establish the timing relationship between cell pairs would be needed).
Exchange of Cell Information at X2 Setup with en-gNB
The current TS 36.423 provides the cell information exchanged during the X2 Setup Request and X2 Setup Response procedures for an eNodeB, and is shown in the following Figure 1.
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[bookmark: _Ref497302440]Figure 1 X2-Setup Request and Response Procedures, associated messages and Information Elements from TS 36.423 
During the X2 Setup procedure with a en-gNB, all the necessary NR Cell information needs to be transferred to the Master eNodeB.  
However, parameters for NR cells are not yet developed in RAN 3 and information from RAN 1 and RAN 4 is needed to complete the information exchanged between the nodes: For example, the NR’s DL ARFCN is probably the centre frequency of the Synchronisation Channel (which could be on e.g. a 900kHz raster) and this may well NOT be the centre of the band that is in use, and, the number of resource blocks/bandwidth used may be much more flexible than in LTE (e.g. between 50 and 56 resource blocks for a 10 MHz band). 
Observation 1: The signalling procedures in X2-AP TS 36.423 can be reused to exchange NR cell information
Proposal 1a: Review existing LSs (e.g. R3-173582, R1-1716698, R1-1715041) between other groups and determine whether additional information is needed by RAN 3.  
Proposal 1b: If additional information is needed, send a Liaison Statement to RAN1 and RAN4 to obtain the necessary information, e.g. on bandwidths and centre frequencies etc.

Decision on “Per UE” or “Per Cell Pair” Mitigation 
Two solutions are possible 
1- Per Cell Pair 
2- Per UE
We would prefer “Per UE” solution as we believe it is likely to be a more an efficient solution. Furthermore, “Per UE” solution caters for a solution for the Secondary Cell being used by multiple different master cells.
Proposal 2: Per UE Solution uses the network resource more efficiently and it is more granular of UE’s capabilities 
Frequency Domain Interference Avoidance
Frequency Division Solution 
In a realistic scenario where the NR can operate anywhere in 3400-3800 MHz TDD spectrum, there is always a possibility of 2nd/4th harmonics of UE’s transmissions in the LTE spectrum, operating in 800 and 1800 MHz bands, corrupting the UE’s reception of the NR band. The location of the harmonic interference will depend on the UE’s LTE operating frequencies.
From the UE Radio Access Capabilities and the exchange of cell information at X2 (gNodeB) Setup, the Master and Secondary nodes can use local look up tables to determine where interference is likely and then use local RRM to determine their strategies.  
[bookmark: _GoBack]In order to avoid in-band interferences, due to 2nd/4th harmonics of LTE and NR frequencies, the LTE Node can voluntarily restrict the Resource Blocks in the UL allocation it gives in the LTE band(s) and inform the NR Node of this restriction. Similarly, the NR node can use the information sent by the eNB to restrict the NR RBs it allocates to the UE. See following Figure 2.
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[bookmark: _Ref498511954]Figure 2 UE’s Uplink Frequency allocation Limited to avoid interference to UE’s receiver
Assuming a LTE Node with 20 MHz bandwidth with 100 Resource Blocks(RB) and a NR Node with 100 MHz bandwidth and 500 RBs with 15kHz sub-carrier spacing, the proposed concept is illustrated in the following Figure 3 and Figure 4.
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[bookmark: _Ref497748822]Figure 3 An example of downlink Radio Resource allocation restriction around 3.5GHz  to avoid Harmonic Interference in the UE’s receiver caused by the UE’s transmission at 800/1800 MHz 
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[bookmark: _Ref497748829]Figure 4 LTE's Radio Resource restricted allocation to reduce Harmonic Interference in the UE’s NR receive band
During the SgNB Addition (and Modification) procedures, the LTE eNodeB’s voluntary restriction of the UE’s allocation is signalled to the gNodeB. This requires new parameters in the SgNB messages, e.g. by signalling the range of RBs (per UL ARFCN) that the eNodeB will not allocate).
See the following Figure 5
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[bookmark: _Ref498355580]Figure 5 FDM Information Elements to be exchanged between two nodes during SgNB Addition Request procedure 
By reference to TS 36.423 currently there are no means of adding FDM Parameters, which are exchanged between the LTE and NR Nodes, during the SeNB/SgNB Addition Request procedure. In order to resolve the LTE-NR co-existence problem new pieces of information should be added to the Information Elements in the SgNB Addition Request (and Modification Request) messages. 
Observation 2: Based on a frequency interference look-up table, and knowledge of the UE’s radio access capabilities, the Master eNodeB can estimate where interference may appear and the Master eNodeB can voluntarily restrict its own frequency usage when asking the Secondary gNodeB to add resources 
Proposal 3: Information Elements should be exchanged between LTE and NR Node to carry FDM Parameters information to support avoidance of UE generated interference to the UE’s own receive bands. 
Time Division Solution
In some cases, there will be no easy frequency division solution to these interference problems. In this case a time division solution (where e.g. the mobile only transmits on one frequency in any one TTI may be needed).
To support this, the secondary (NR) node can signal rejection of the FDM method and request a TDM solution from the Master (LTE) node. 
Note: 	an underlying assumption is that the NR and LTE nodes have “phase” synchronisation and that the frame numbers are synchronised. With NR’s usage of TDD this may be reasonable. Alternatively, inter-node signalling mechanisms will be needed to determine the frame/slot offset between cells.
The following Figure 6 illustrates a scenario where the IMD or other interference is too severe and is affecting the entire downlink spectrum, so the FDM technique would be ineffective. 
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[bookmark: _Ref497732836]Figure 6 IMD Interference covering the entire LTE's DL spectrum 
In order to resolve these type of interference problems, a time based technique is proposed. In this approach a time pattern, e.g. on LTE sub-frame basis, is used to control whether the Master or Secondary node is allowed to allocate uplink transmissions on that time-resource in a particular band.   
In order to realise this solution, the Secondary Node proposes the TDM pattern in the SgNB Addition (Modification) Response message. 
By reference to TS 36.423, there are no means of rejecting the FDM solution signalled from the LTE Node and transferring TDM parameters between the LTE and NR nodes: consequently, these new pieces of information should be added.   
See the following Figure 7. 
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[bookmark: _Ref497749053]Figure 7 TDM Parameter Exchange between the LTE and NR Nodes 

If NR is deployed using 30 kHz subcarrier spacing in the 3.5 GHz band, its sub-frames would be 0.5ms long. Thus the TDM pattern is proposed to be based on a map of LTE slots. See following Figure 8. While Release 15 LTE latency reduction work supports shorter TTIs (e.g. 2 symbols), this one slot (7 symbol) granularity is proposed as a balance between complexity and ultimate-performance.
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[bookmark: _Ref497749078]Figure 8 Enhanced TDM Pattern using only one slot (half a sub-frame)

Observation 3: If the secondary node determines that interference in the frequency domain cannot be avoided, TDM Parameters need to be negotiated between the LTE and NR Nodes such that the UE can transmit on LTE and NR at different times.
Observation 4: The Uplink efficiency/latency can be further enhanced if the uplink could be scheduled per half sub-frame or per slot basis.   
Proposal 4: Information Elements need to be added between LTE and NR Node to carry TDM Pattern information

Decision on Master/Slave or Multi-Step Negotiation Process
A simple solution is proposed whereby the Master Node informs the Secondary Node of the frequency allocation that the Master Node will use (or will restrict itself to) for that UE. The Secondary Node takes this into account, and if this then requires a time division alleviation, secondary node indicates the TDM pattern to the primary cell. 
If the Master node is unhappy with the TDM pattern proposed by the Secondary node, the Master cell can modify or release the Dual Connectivity Configuration. See the following Figure 9 and Figure 10.
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[bookmark: _Ref498684507]Figure 9 Signalling messages between LTE and NR node, negotiating FDM or TDM solution


Proposal 5: FDM Parameters and TDM Pattern Accept / Reject procedures to be used for negotiating between the Nodes.  
[image: ]
[bookmark: _Ref498684546]Figure 10 TDM Pattern Example
For an efficient operation and in order for the Secondary Node to propose the TDM pattern to the Master Node, the Secondary Node needs to know whether the LTE Master Node supports Release 15’s “bundling of HARQ ACK/NACKs”. Furthermore, for better operational efficiency it would be ideal if the Master Node could communicate to the Secondary Node whether it supports latency reduction features such as Fast HARQ Loops and short TTIs. This needs to be added to the X2 Setup signalling from eNB to en-gNB. See the following Figure 11
[image: ]
[bookmark: _Ref498356917]Figure 11 LTE and NR Nodes and information exchange over X2-C

Proposal 6: Additional information such as, Bundled ACK/NACK feedback, Fast HARQ and TTI, is essential to be transferred from the LTE Node to the NR Node. 

Conclusions and Proposals 
In this contribution we have presented two techniques for resolving the LTE and NR co-existence issue. 
In the technical analysis the following observations can be drawn:
Observation 1: The signalling procedures in X2-AP TS 36.423 can be reused to exchange NR cell information
Observation 2: Based on a frequency interference look-up table, and knowledge of the UE’s radio access capabilities, the Master eNodeB can estimate where interference may appear and the Master eNodeB can voluntarily restrict its own frequency usage when asking the Secondary gNodeB to add resources 
Observation 3: If the secondary node determines that interference in the frequency domain cannot be avoided, TDM Parameters need to be negotiated between the LTE and NR Nodes such that the UE can transmit on LTE and NR at different times.
Observation 4: The Uplink efficiency/latency can be further enhanced if the uplink could be scheduled per half sub-frame or per slot basis.   

And we propose the followings: 
Proposal 1a: Review existing LSs (e.g. R3-173582, R1-1716698, R1-1715041)  between other groups and determine whether additional information is needed by RAN 3. 
Proposal 1b: If additional information is needed, send a Liaison Statement to RAN1 and RAN4 to obtain the necessary information, e.g. on bandwidths and centre frequencies etc
Proposal 2: Per UE Solution uses the network resource more efficiently and it is more granular of UE’s capabilities 
Proposal 3: Information Elements exchanged between LTE and NR Node to carry FDM Parameters information
Proposal 4: Information Elements exchanged between LTE and NR Node to carry TDM Pattern information
Proposal 5: FDM Parameters and TDM Pattern Accept / Reject procedure to be used for negotiating between the Nodes.  
Proposal 6: Additional information such as, Bundled ACK/NACK feedback, Fast HARQ and TTI, is essential to be transferred from the LTE Node to the NR Node. 

In order to resolved the coexistent between LTE and NR we propose the following general enhancements during X2 setup:
For a general solution, LTE Node to communicate the following parameters to the en-gNB: 
· Bundled ACK/NACK Feedback 
· FAST HARQ
· Short TTI
At X2 en-gNB Setup Request, NR node to communicate the following parameters to the eNB:
· UL Frequency of bottom of the frequency Band
· UL Frequency of the top of the frequency band 
In per-UE signalling e.g. Secondary Node Addition Request procedure
 Master Node to communicate the following parameter:
· Frequency Restriction Parameters 
Secondary Node to communicate the following parameter:
· TDM Pattern to be used  

We kindly ask RAN3 to take the above enhancement into account in order to resolve the co-existence issue between the LTE and NR systems. 
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