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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For the NR V2X study item, the SID has captured the following objective for in-device existence [1]:
6:  Coexistence [RAN1]:  
· In-device coexistence: Study the feasibility of the coexistence mechanisms when NR sidelink and LTE sidelink technologies are equipped in the same vehicle for the ‘not co-channel’ scenario: 
· Advanced V2X services provided by NR sidelink coexisting with V2X service provided by LTE sidelink in different channels (i.e., not co-channel).  Not co-channel could include both adjacent channel and channels that are sufficiently far apart.

The following agreements were taken in RAN1#95 [2] within the framework/assumption of the non-cochannel case in SID:
Agreements:
· Consider solutions for sidelink coexistence for the following: 
· Potential LTE V2X Tx and NR V2X Tx
· Potential LTE V2X Tx and NR V2X Rx
· Potential LTE V2X Rx and NR V2X Tx
· FFS the case of potential LTE V2X Rx and NR V2X Rx, e.g., whether or not it can be handled implementation

In this contribution, we discuss the potential solutions for the coexistence and investigate the feasibility when NR sidelink and LTE sidelink are equipped in the same vehicle. 
Discussion on potential parallel operation for coexistence
The agreements from the last meeting for coexistence [2] provide a framework to address coexistence mechanisms and solutions. From the UE perspective, considering the half-duplex limitation, we need discuss whether and how to support the potential LTE-V2X and NR-V2X transmission and reception combination both for TDM and FDM solutions from the following four cases:  
· Case 1: Potential LTE V2X Tx and NR V2X Tx
· Case 2: Potential LTE V2X Tx and NR V2X Rx
· Case 3: Potential LTE V2X Rx and NR V2X Tx
· Case 4: Potential LTE V2X Rx and NR V2X Rx

We discuss FDM and TDM coexistence for each of these cases. 
FDM coexistence
For FDM solution, NR-V2X and LTE-V2X can be operating in different bands or non-cochannel in the same band. 
FDM not co-channel in the same band
When the frequency separation for LTE-V2X and NR-V2X FDM co-existence is not sufficient, there is a half-duplex limitation between NR-V2X and LTE-V2X, e.g., when one module transmits the other cannot receive. In addition, from the transmission perspective, power sharing should be considered between two sidelink transmissions.
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[bookmark: _Ref534910501]Figure 1. AGC issue for FDM with insufficient frequency separation.
From the receiver perspective, the impact of the receiver AGC operation needs to be considered. As shown in Figure 1, a dual module UE may receive both LTE-V2X and NR-V2X at the same time. When UE performs AGC for NR-V2X in slot B which is partially overlapping with LTE-V2X subframe A, the AGC operation for NR-V2X may impair the LTE-V2X reception in the middle of subframe A if one RF chain is used for the intra-band implementation. 
Observation 1: For FDM with insufficient frequency separation, the AGC impact from the reception perspective needs to be considered when NR V2X uses a subcarrier spacing other than 15kHz.  

FDM in different bands
When the two systems have sufficient frequency separation, FDM is easily achievable. There is no half-duplex issue between the two modules, i.e., the transmission of one module has no impact on the transmission/reception of the other module, so that all four cases are feasible. 
This solution may potentially require defining power sharing rules, although that could be avoided altogether, depending on how RAN4 selects PCmax values. 
Proposal 1: When there is enough frequency separation between the LTE and NR carrier, FDM coexistence is feasible. The only potential standards impact is power sharing rules.

 TDM coexistence
For TDM coexistence solutions, the following agreements were taken at RAN1#94bis meeting [3]:
Agreements:
· For TDM solutions, the following aspects are studied in RAN1: 
· Long term time-scale coordination
· Potential transmissions in time of LTE and NR V2X are statically/quasi-statically determined
· UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS
· Short time-scale coordination
· Transmissions in time of LTE and NR V2X are known to each RAT (details FFS)
· UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS
· FFS coordination details
· FFS UE assistance for coordination
A TDM solution can be based on long-term or short-term coordination.
Long term time-scale coordination for TDM solution
In Figure 2, different time resources are (quasi-)statically allocated for LTE-V2X and NR-V2X. A bitmap can be used to indicate which subframes/slots are used for NR-V2X and which subframes are used for LTE-V2X, as shown in Figure 2. As the slot duration can be different for NR and LTE due to different numerologies, a separate bitmap indication may be needed for LTE than NR. Note that this bitmap is in essence a resource pool configuration. Thus, no standard change is needed for LTE-V2X.
Once the resources are configured, the LTE-V2X and NR-V2X modules can work independently on their own allocated resources. In particular, the LTE-V2X module can use the existing procedures defined in Rel-14/15.
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[bookmark: _Ref534910524]Figure 2. LTE-V2X and NR-V2X resource allocated by long term TDM coordination

A potential issue for the long term time-scale TDM based coordination is that transmission delay can be increased for both LTE-V2X and NR-V2X. Whether LTE-V2X and NR-V2X can meet the respective requirements in terms of latency and reliability under the long term time-scale TDM co-existence is unclear yet.  
Observation 2: For long term time-scale, TDM coexistence can be achieved by configuring resource pools. No change in the existing LTE-V2X specification is needed. Whether LTE-V2X and NR-V2X can meet the respective requirements needs to be evaluated.  

Short term time-scale coordination for TDM solution 
For short time-scale coordination, resources are dynamically allocated to a module based on needs. This can cause some conflicts when both modules need to use the same resource for transmission, or one module needs the resource for transmission and the other module for reception. 
Resource allocation based on priority could be used to solve at least some of these conflicts. For this solution, a priority based method can be used to select LTE-V2X or NR-V2X transmission when LTE and NR V2X sidelink transmissions overlap in time. For example, as illustrated in Figure 3, the conflicts for LTE-V2X and NR-V2X transmissions at A/C or B/F could be coordinated internally by UE between the two modules and can be up to UE to transmit either one.
However, the conflict of one module for transmission and the other module for reception is difficult to be solved by priority as the priority for reception may depend on the priority for transmission from another transmitting UE. For instance, between subframes A and B, LTE-V2X is expected to be in reception state or sensing when in mode 4. If during this period there is NR-V2X data to be transmitted, whether UE should transmit NR-V2X or perform LTE-V2X reception/sensing is undeterminable because it is unknown if LTE-V2X transmission from another transmitting UE has higher or lower priority. 
Furthermore, note that fast information exchanges between two modules will be needed in order for UE to make the decision to transmit LTE-V2X or NR-V2X, e.g., UE needs to know which module has data to transmit at A/C or B/F or which has higher priority when both modules have data to transmit as shown in Figure 3. 
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[bookmark: _Ref534908435]Figure 3. NR-V2X module transmission instance for short time-scale coordination.

From the receiver perspective, there is an AGC issue to consider, which is similar to the one that occurs in FDM with insufficient frequency separation of Figure 1. As illustrated in Figure 4, dual module UE1 transmitted NR-V2X in slot D and LTE-V2X-only UE2 transmitted LTE-V2X in subframe F (which is overlapped with slot D in the Figure 4), both of which transmissions target a dual module UE3. 
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[bookmark: _Ref534912124]Figure 4. AGC issue for LTE-V2X RX and NR-V2X RX under short time-scale coordination.
Hence, from UE3 reception perspective, LTE-V2X and NR-V2X reception occur in CC0 and CC1 but partially overlap in time domain as shown in the rightmost part of Figure 4, so this UE3 also faces the AGC issue for LTE-V2X RX and NR-V2X RX under short term time-scale coordination as under FDM with insufficient frequency separation.
Observation 3: Short term time-scale TDM coexistence has significant issues since in-device UE internal priority decision cannot solve the conflict of LTE V2X TX and NR V2X RX nor the conflict of LTE V2X RX and NR V2X TX.

Conclusion
In this contribution, we discuss the in-device non-cochannel coexistence issue especially for the solutions of parallel operation between LTE-V2X and NR-V2X. The following observations are identified:  
Proposal 1: When there is enough frequency separation between the LTE and NR carrier, FDM coexistence is feasible. The only potential standards impact is power sharing rules.
Observation 1: For FDM with insufficient frequency separation, the AGC impact from the reception perspective needs to be considered when NR V2X uses a subcarrier spacing other than 15kHz.
Observation 2: For long term time-scale, TDM coexistence can be achieved by configuring resource pools. No change in the existing LTE-V2X specification is needed. Whether LTE-V2X and NR-V2X can meet the respective requirements needs to be evaluated.  
Observation 3: Short term time-scale TDM coexistence has significant issues since in-device UE internal priority decision cannot solve the conflict of LTE V2X TX and NR V2X RX nor the conflict of LTE V2X RX and NR V2X TX.
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