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Introduction
At the RAN1 #94 meeting, there are agreements were approved for the item about coexistence between NR sidelink and LTE sidelink in a UE [1].
Agreements:
For the study of LTE-V2X and NR-V2X sidelink co-existence, at least the following scenarios are considered from the UEs perspective: 
· LTE sidelink and NR sidelink do not have any coordinated procedures
· LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed
· RAN1 will focus on this scenario in the SI
Agreements:
RAN1 focus on at least the following potential solutions for coexistence at least until the next meeting: 
· TDM of LTE V2X and NR V2X sidelink transmissions
· FDM of LTE V2X and NR V2X sidelink transmissions
In this contribution, we will further discuss some issues and potential solutions about the coexistence mechanisms.
Discussion
Issues of coexistence
According to the objective about coexistence in SI [2], this study only considers the coexistence between the advanced V2X services provided by NR sidelink (named NR V2X services) and V2X service provided by LTE sidelink (named LTE V2X service) in which one UE supports both NR sidelink and LTE sidelink technologies, i.e., in-device coexistence. Some issues may exist in the case of in-device coexistence.
· Interference
Case 1: Between NR sidelink Tx and LTE sidelink Tx
Considering the case that the two channels are in the state of transmission at the same time, in-band or out-of-band emission should be noted. If the offset of the transmit power between the two channels is too much, one channel would impact the reception of the other channel in the receiver. On the other hand, the inter-modulation interference may be caused by NR sidelink Tx and LTE sidelink Tx, which would impact signal reception in other receivers. 
Case 2: Between NR sidelink Tx/Rx and LTE sidelink Rx/Tx
Considering the case that the two channels are in the state of transmission and reception respectively at the same time, in-device coexistence interference should be noted. Because the transmitter and the receiver are within close proximity in a UE, the transmit power of the transmitter may be much higher than the received power level of the receiver. Then in-device coexistence interference may be caused. If the two channels coexist in a band, it is also possible that a UE cannot finish sidelink transmissions for Tx and receptions for Rx simultaneously because of half-duplex constraints. 
Observation 1: When NR V2X services and LTE V2X service coexist in the same vehicle for the ‘not co-channel’ scenario, the interference may include in-band or out-of-band emission, inter-modulation interference and in-device coexistence interference. 
· Power restriction
In general, the total transmit power in a device is limited. Power restriction should be noted when NRV2X services and LTE V2X service coexist in different channels in the ‘not co-channel’ scenario because the power amplifier is shared either in a band or in different bands. If NR V2X services and LTE V2X service are transmitted at the same time, power restriction would occur. For example, when NR V2X services have been scheduled in a channel, the remaining power can be determined. If an LTE V2X service needs to transmit at the same time as the NR V2X services, the size of the LTE V2X data that can be scheduled is limited by the remaining power, due to the power amplifier being sharable in a device. 
Observation 2: If NR V2X services and LTE V2X service coexist in the same vehicle for the ‘not co-channel’ scenario, the transmit power restriction would exist.
· Timing alignment
If NR V2X sidelink and LTE V2X sidelink coexist in a device, the problem of timing alignment should be considered, e.g., alignment in subframe or symbol level. When NR V2X channel and LTE V2X channel coexist in a band, subframe or symbol alignment cannot be maintained if the timings of the two channels are not aligned. Lower efficiency of resources and power would be caused due to half-duplex constraints and power restriction. For the case when the NR V2X channel and LTE V2X channel coexist out of band, it is also valuable to align timings of the two channels. Otherwise, it could result in more interference and lower efficiency of power.
Proposal 1: The problem of timing alignment should be considered for coexistence between NR V2X and LTE V2X.
Potential solutions
From the viewpoint of RAN1, some potential solutions can be investigated in the following directions we describe to mitigate the problems discussed above.
· TDM 
In order to avoid half-duplex constraints and interference, TDM of transmission resources is a simple solution. It would be valuable to make the timings of two channels aligned via synchronization mechanism. Based on timing alignment, the resources for NR V2X and the resources for LTE V2X can be configured or preconfigured in a TDM manner. If the resources for the two channels are configured by a different base station of different RATs (e.g., gNB and eNB), coordination between the two networks may be needed. 
Based on the TDM scheme above, the impact (e.g., interference and half-duplex constraints) between LTE V2X and NR V2X can be avoided. In summary, the TDM scheme can work for the in-device coexistence case. 
Observation 3: TDM of transmission resources between LTE V2X and NR V2X can work to avoid the impact between the two technologies.  
· FDM 
For a UE, if one channel transmission/reception is interfered significantly, it can change the frequency resources or carriers to avoid interference via resource allocation or selection. So, coordinated procedures between LTE sidelink and NR sidelink technologies or between UE and network may be needed to assist in resource allocation/selection for FDM solution. 
For Mode 1, the UEs can report the frequency resources or carrier with interference to gNB/eNB, the gNB/eNB then schedule different frequency resources to the UEs or indicate the UEs changed carriers. For Mode 2, the UEs can make adjustment autonomously. The UEs can reselect resources or carriers when the interference reaches a certain threshold level. The details of report and resource allocation/selection need to be studied further. 
 Observation 4: Coordinated procedures between different sidelink technologies or between UE and network need to be considered to assist resource allocation/selection for FDM solution. 
Proposal 2: For the FDM solution, mechanisms of report and resource allocation/selection need to be studied further.
Proposal 3: From the viewpoint of simplicity, TDM solution should be considered as baseline to address the issues of in-device coexistence between the two sidelink technologies.  
· Power management
Power management includes power allocation as well as power control. When NR V2X transmission and LTE V2X transmission coexist at the same time, transmit power should be allocated in the two channels. By this way, the two channel transmissions can be fully finished (i.e., the power may not be enough to support the transmission of all scheduled data). The introduction of a rule for power sharing between the channels could be considered. For example, the two channels sharing transmit power based on the same ratio or the LTE V2X service could be scheduled with higher priority as a rule. The UE could also drop transmission in one channel in order to ensure there is enough transmit power for the transmission in the other channel with the higher priority.
On the other hand, power control is helpful for mitigating in-device coexistence interference. The UE can report the requirement of power adjustment even the values of the power control parameters to the eNB or gNB. Upon reception of the report, the eNB or gNB can accept the suggestion from the UE and adjust the UE transmission power. If the sidelink transmission is unicast, the receiver can feedback the power control requirement to the eNB/gNB or the transmitter. 
It should be noted that the timing alignment should be maintained for power management. Otherwise, it would result in lower efficiency of power. 
Proposal 4: Power management for services in two channels for the ‘not co-channel’ in-device should be further studied for consideration.
Conclusion
This contribution focused on in-device coexistence between NR sidelink services and LTE sidelink service in ‘not co-channel’. It also includes the following observations and proposals:
Observation 1: When NR V2X services and LTE V2X service coexist in the same vehicle for the ‘not co-channel’ scenario, the interference may include in-band or out-of-band emission, inter-modulation interference and in-device coexistence interference.
Observation 2: If NR V2X services and LTE V2X service coexist in the same vehicle for the ‘not co-channel’ scenario, the transmit power restriction would exist.
Proposal 1: The problem of timing alignment should be considered for coexistence between NR V2X and LTE V2X.
Observation 3: TDM of transmission resources between LTE V2X and NR V2X can work to avoid the impact between the two technologies.
Observation 4: Coordinated procedures between different sidelink technologies or between UE and network need to be considered to assist resource allocation/selection for FDM solution.
Proposal 2: For the FDM solution, mechanisms of report and resource allocation/selection need to be studied further.
Proposal 3: From the viewpoint of simplicity, TDM solution should be considered as baseline to address the issues of in-device coexistence between the two sidelink technologies.
Proposal 4: Power management for services in two channels for the ‘not co-channel’ in-device should be further studied for consideration.
Reference
[1] Chairman's Notes RAN1 94, Gothenburg, Sweden, August 20th – 24th, 2018.
[2] RP-182111, “Revised SID: Study on NR V2X,” 3GPP RAN#81, Gold Coast, Australia, September 2018.


1

