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A study item of NR V2X was approved at RAN#80 and one objective is to study coexistence between NR sidelink and LTE [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.

NOTE: It is assumed that any coexistence requirements and mechanisms of NR sidelink with non-3GPP technologies will not be defined by 3GPP. 



In this contribution, we discuss the coexistence issues between LTE-V2X and NR-V2X. 

Discussion on co-existence for NR V2X and LTE V2X
Potential frequency bands for NR V2X
LTE band 47 can be used for V2X traffic as follows [3]: 
Table 5.5G-1 V2X operating band
	E‑UTRA Operating Band
	E-UTRA V2X Operating Band
	V2X UE transmit
	V2X UE receive
	Duplex Mode
	Interface

	
	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	

	47
	47
	5855 MHz
	
	5925 MHz
	5855 MHz
	
	5925 MHz
	HD
	PC5


E-UTRA V2X communication is also designed to operate for intra-band multi-carrier operation in the operating bands defined in Table 5.5G-3.
Table 5.5G-3: V2X intra-band multi-carrier operation
	V2X multi-carrier Band configuration
	V2X operating Band
	Interface

	V2X_47
	47
	PC5



In addition, other cellular bands or other candidate ITS bands can also be used for NR V2X sidelink transmission. Thus, when studying coexistence between NR and LTE, the spacing between the NR and V2X carriers might be small, or large. Thus, both intra-band and inter-band cases should be considered. 
Proposal 1: For coexistence studies, consider the case where the NR and LTE carriers share the same or different band.
Note that it is not clear that the inter-band case needs RAN1 inputs. It may be addressed by RAN4 only. On the other hand, the intra-band case requires some RAN1 techniques to limit ACI (Adjacent-Channel Interference). Thus, as a first step, it is useful to review how CA was designed for LTE since CA requires to limit ACI.
Carrier aggregation for LTE
When designing CA for Uu, the following decisions were taken in order to limit inter-carrier interference in section 3.6.1 [4]:
· The TDD subframe configuration is the same on all carriers for intra-band contiguous and non-contiguous CA. 
· For inter-band TDD CA 
· All the requirements for inter-band CA apply for the same uplink-downlink and special subframe configurations in the PCell and SCell.
· Different configurations can be used when the UEs do not support simultaneous reception and transmission in the PCell and SCell.

As can be seen, CA for LTE Uu was designed with strict rules and great care to make sure that there would be no interference between carriers.

Carrier aggregation for LTE-V
When CA for LTE-V was standardized, RAN1 obtained inputs from RAN4 on how to limit interference (e.g., LS [2]). RAN4 mentioned the following [2]:
· For the switching time, for intra-band CA, if all the UE TX carriers are configured and activated simultaneously, then switching between two TX carriers requires no additional time and no interruption at RX. If the UE supports less number of TX carriers than RX carriers, the interruption time may be up to 200 us.
· For the switching time for inter-band CA, while RAN4 mentioned that more discussion was needed, switching times up to 900 us were mentioned
· If the PA is shared between multiple carriers, large MPR is expected if the PA is shared between non-adjacent carriers.

In terms of switching time, we can observe the following:
Observation 1: For LTE Mode-4 sidelink CA transmission: 
· For intra-band sidelink CA, transmission may be interrupted when only part of the TX carriers are configured and activated simultaneously.
· For inter-band sidelink CA, there can be significant inter-band interruption time. Further discussions are needed in RAN4.

For the MPR issues, RAN4 pointed out that this problem can be very significant. Note however that RAN4 assumed the use of SC-FDMA. If OFDM is used on the sidelink, the MPR values may be different, and RAN4 may need additional work.
Observation 2: If OFDM is used for NR SL, RAN4 may need to evaluate MPR when the same PA is used on non-adjacent carriers.
Possible ways to do in-device coexistence between LTE-V2X and NR-V2X
From the above discussion, it is possible to address in-device coexistence between LTE-V2X and NR-V2X. A CA-based solution can be considered.  
[bookmark: _GoBack][image: ]
Figure 1. Different channel co-existence for single or two RF chains
Figure 1 shows the architecture with either a single or two RF chains. Typically, only one duplexer is used for the intra-band case. When the duplexer switches to Tx state, all channels or carriers can only do transmission. Likewise, when the duplexer switches to Rx state, all channels or carriers can only do reception. It is not possible to have simultaneous transmission and reception with a single RF chain. Thus, for V2X, it is probably best to assume that there are different RF chains for reception and transmission. Having simultaneous transmission and reception may require unrealistically stringent filtering requirements, if the carriers are very close in frequency. Another solution may be to have a minimum frequency spacing between the Rx and Tx carriers. In any case, this filtering/spacing problem is better addressed by RAN4. Thus, RAN1 needs to send a LS to RAN4 to ask them to investigate this problem. 
Proposal 2:  Send an LS to RAN4 to ask them to study the carrier spacing/filtering requirements for simultaneous RX/TX.

Conclusion
In this contribution, we discussed the in-device coexistence issue between LTE-V2X and NR-V2X. The following is proposed:  
Proposal 1: for coexistence studies, consider the case where the NR and LTE carriers share the same or different band.
Proposal 2: Send an LS to RAN4 to ask them to study the carrier spacing/filtering requirements for simultaneous RX/TX.
In addition, we observed the following:
Observation 1: For LTE Mode-4 sidelink CA transmission: 
· For intra-band sidelink CA, transmission may be interrupted when only part of the TX carriers are configured and activated simultaneously.
· For inter-band sidelink CA, there can be significant inter-band interruption time. Further discussions are needed in RAN4.

Observation 2: If OFDM is used for NR SL, RAN4 may need to evaluate MPR when the same PA is used on non-adjacent carriers.
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