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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#AH1901 [2]:
Agreements:
· For TDM solutions for in-device coexistence between LTE and NR V2X:
· Time Alignment
· Subframe boundary alignment is required between LTE and NR V2X sidelinks
· Both LTE and NR V2X sidelinks are aware of the time resource index (e.g., DFN for LTE) in both carriers
Agreements:
· For long term time scale TDM solutions for in-device coexistence between LTE and NR V2X:
· For a UE with coexistence impact, non-overlapping (in time domain) resource pools are (pre-)configured for NR V2X and LTE V2X sidelinks
· No information is exchanged between LTE and NR sidelinks within the UE
· Long term time scale TDM solution is feasible from RAN1 point of view
· Note: although feasible, it is expected that such a solution may have impact on latency, reliability and data rate requirements for some applications 
· No additional modifications to LTE specifications are needed
Agreements:
Assuming SPS scheduling (mode -3 or mode-4) for LTE V2X, for short time scale TDM solutions for in-device coexistence for V2X,
· For each occurrence of Tx/Tx overlap, one RAT is prioritized over another 
· This requires some information exchange between LTE and NR sidelinks within the UE
· FFS: whether the information exchange between LTE and NR sidelinks can support this requirement
· FFS: if there is impact to RAN1 LTE specification with this agreement
· FFS: whether this solution can be up to UE implementation
· For each occurrence of Tx/Rx overlap, one RAT is prioritized over another 
· This requires some information exchange between LTE and NR sidelinks within the UE
· FFS: if there is impact to RAN1 LTE specification with this agreement
· FFS: whether this solution can be up to UE implementation
· FFS: If determination of priority for Rx operation is feasible and whether the information exchange between LTE and NR sidelinks can support this requirement
Agreements:
· Inter-band FDM Solutions for coexistence
· For static power assignment of Pc,max for each carrier
· [bookmark: _Ref534810133]Synchronization is not assumed for inter-band coexistence of NR sidelink and LTE sidelink.
· This FDM solution is feasible for resolution of Tx/Tx coexistence conflicts
· If the band separation is large enough (based on RAN4 indication), then this FDM solution for coexistence is feasible for Tx/Rx coexistence
· If the band separation is NOT large enough, then this FDM solution is not feasible for resolution of Tx/Rx coexistence conflicts
· For dynamic power sharing between carriers, 
· FFS details of FDM solutions and whether they are feasible
In this contribution, we discuss the investigate the feasibility of non-cochannel coexistence when NR sidelink and LTE sidelink are equipped in the same device. 
Discussion on potential parallel operation for coexistence
FDM coexistence
Inter-band FDM
For inter-band FDM RAN1 needs to conclude whether it is feasible or necessary to support dynamic power sharing between carriers. 
For NR Rel-15 Uu link, the LTE and NR carrier set their transmit power independently. If the total transmit power of LTE CC and NR CC is larger than the UE total transmission power, priority is given to the LTE carrier. NR carriers will first reduce its transmission power. If the reduced transmission power more than XSCALE dB, the NR transmission is dropped. 
If dynamic power sharing is considered for LTE-V2X and NR-V2X, either LTE-V2X or NR-V2X sidelink transmission power will be reduced in a somewhat similar way than for Uu. However, LTE-V2X and NR-V2X, use independent, per-carrier power control rules. This makes dynamic power sharing more challenging than for Uu since the LTE and NR modules need to exchange their power lever computed according to the power control rules for each transmission. This puts a significant burden on the hardware design. Given that static power sharing is easy to do, and can maintain coverage for both systems if Pc,max levels are set to handle this issue. Consequently, it is better not to support dynamic power sharing. Furthermore, in LTE-V2X a fixed transmission is configured per carrier. The actual transmission power is determined by congestion state and the configured transmission power. If the transmission power of LTE-V2X is additionally shared by NR-V2X, the coverage and channel congestion state will be impacted. The similar issue also happens to NR-V2X. So according to our understanding, dynamic power sharing among LTE-V2X and NR-V2X is not practicable considering the negative impact on the whole system.
Proposal 1: Dynamic power sharing between LTE-V2X and NR-V2X is not supported.

Intra-band FDM
For intra-band FDM, there will be large in-device interference if the frequency separation is not large enough for both Tx-Tx and Tx-Rx. The interference is worse for Tx-Rx, which results in a half-duplex limitation between NR-V2X and LTE-V2X, e.g., when one module transmits the other cannot receive. [image: ]
[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 tunes the 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 with Tx/Tx overlap, the AGC impact from the reception perspective needs to be considered when NR V2X uses a subcarrier spacing other than 15kHz.  
Proposal 2: RAN1 to conclude that intra-band frequency coexistence is not feasible.
 TDM coexistence
Long term time-scale coordination for TDM solution
An example of long term coexistence is shown in Figure 2. 
One potential issue is the increase in latency: as can be seen on Figure 2, one system is idle for an extended amount of time. Thus, any packet that arrives at the PHY during the idle time will have to be delayed. Note that for LTE, this may not necessarily be an issue: the minimum supported guaranteed L1 packet latency is 10 ms. Besides, for the predominant use case (safety messages), the latency is 100 ms. For NR traffic, there are more cases with low latency, and long-term TDM may be restricted to some types of traffic only.  
[image: ] 
[bookmark: _Ref534910524]Figure 2. LTE-V2X and NR-V2X resource allocated by long term TDM coordination
Observation 2: For long term time-scale TDM coexistence, the increase in latency could be an issue for some NR applications.

Short term time-scale coordination for TDM solution 
For short time-scale coordination, resources are dynamically allocated to the NR-V2X 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. 
[image: ]
[bookmark: _Ref534908435]Figure 3. NR-V2X module transmission instance for short time-scale coordination
Tx-Tx overlap:
For Tx-Tx overlap, note that fast information exchanges between two modules is needed in order for UE to make the decision to transmit LTE-V2X or NR-V2X. For aperiodic traffic in LTE-V2X, this is not feasible since the NR-V2X module has no a-priori information of when LTE-V2X data will be transmitted. This limits the applicability of short term coexistence to periodic traffic. 
 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, UE1 transmits NR-V2X in slot D and LTE-V2X-only UE2 transmits LTE-V2X in subframe F (which is overlapped with slot D in the Figure 4), both of which transmissions target a dual mode UE3. 

[image: ] 
[bookmark: _Ref534912124]Figure 4. AGC issue for LTE-V2X RX and NR-V2X RX under short time-scale coordination.
[bookmark: _GoBack]From the 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, thus UE3 also faces the AGC issue with power significantly varying within one LTE subframe. Note that the power difference between NR-V2X and LTE-V2X can be very large due to the potential near-far effect between LTE-V2X and NR-V2X transmission: as shown in Figure 5 and Table 1, differences in receive power of more than 20 dB are quite common. These values were obtained by using the assumptions of TR 37.885. 
Large power variations within an LTE subframe create two main issues at the AGC:
· Detection issues: if two simultaneous signals are received with different power levels, the AGC will set the gain based on the power of the combined signal before the ADC. The lower power signal will not use the full dynamic range of the ADC, thus there will be detection issues
· Settling time: when there is a drastic power change the AGC adjusting time will affect detection until the AGC has converged, resulting in detection performance loss.

As it can be seen from Table 1, for the highway scenario, the AGC issue becomes serious only at relatively long distance. However, for the urban environment, received power differences are observed at short distance: when the receiving UE is less than 100m away for the LOS case, and 50m away for the NLOS case, the signal of interest is received with a power more than 20 dB lower than a nearby interferer. Given that in urban environments, 150 m is typically viewed as the range of interest, the AGC issue severely impairs performance.
[image: ]
Figure 5. Path loss for vehicle to vehicle
Table 1: UE3 receiver power difference from UE1 and UE2
	UE1 location  refer to UE3 (meters)
	UE2 location refer to UE3 (meters)
	Channel type
	UE3 receiver sees power difference from UE1 and UE2

	5
	10
	Urban LOS
	5.0dB

	5
	20
	Urban LOS
	[bookmark: OLE_LINK5]10.1dB

	5
	50
	Urban LOS
	16.7 dB

	5
	100
	Urban LOS
	21.7 dB

	5
	200
	Urban LOS
	26.8 dB

	5
	500
	Urban LOS
	33.4 dB

	10
	20
	Urban NLOS
	14.3 dB

	10
	50
	Urban NLOS
	23.3 dB

	10
	100
	Urban NLOS
	30.0 dB

	10
	200
	Urban NLOS
	39.0 dB

	100
	200
	Highway LOS
	6.0 dB

	100
	500
	Highway LOS
	14.0 dB

	100
	1000
	Highway LOS
	20.0 dB


Notes: the distance between the source UE to the destination UE range from 1 meter to 1km according to SA defined use cases. 
Short-term coexistence thus has two fatal flaws:
· Necessity of fast information exchange between the LTE and NR modules. This makes the solution not practical for aperiodic traffic.
· Severe AGC constraints making the LTE-V2X performance poor in urban environments. This makes a solution not practical for both aperiodic and periodic traffic

It thus appears that short term coexistence is not feasible.

Proposal 3: RAN1 to conclude that short-term coexistence is not feasible.

Conclusion
In this contribution, we discuss the in-device non-cochannel coexistence issues especially for the solutions of parallel operation between LTE-V2X and NR-V2X. The following observations are identified:  
Proposal 1: Dynamic power sharing between LTE-V2X and NR-V2X is not supported.
Proposal 2: RAN1 to conclude that intra-band frequency coexistence is not feasible.
Proposal 3: RAN1 to conclude that short-term coexistence is not feasible.
Observation 1: For FDM with insufficient frequency separation with Tx/Tx overlap, 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, the increase in latency could be an issue for some NR applications.
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