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1 Introduction
A study item has been approved for NR V2X in RAN plenary #xx, the scope of which mandates the study of:
· 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.

Of the 2 items above, the first item is within the scope of RAN1. We provide in this contribution an overview on the main challenge of the in-device coexistence between NR V2X and LTE V2X. 
2	Main Challenges
For sub 6 GHz, NR V2X is envisioned to share the same spectrum at 5.9GHz with LTE V2X. Each technology may then occupy different set channels. Given that the frequency separation between different channels in the available spectrum is small (50MHz at maximum, 0-10 MHz typical), there can be in device coexistence issue in the sense that if one technology is transmitting, its signal will saturate the Rx RF chain servicing the other technology.
To exemplify this aspect, we provide a sample analysis of the leakage from Tx to Rx chain, given an active transmission is going on in Tx chain.
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Figure 1. Diagram of Reception in Rx chain with an active transmission in Tx chain
Table 1. Sample RF isolation parameters in an UE.
	Tx power
	Tx-Rx PCB isolation
	Tx-Rx antenna isolation

	22 dBm
	60dB
	10dB



From Figure 1 and Table 1, we can see that most of the power leakage from Tx chain to Rx chain is due to the fact that the Tx antenna is close to the Rx antenna, so that the Tx-Rx antenna isolation is low. There is also some leakage from the within the PCB of the device, but such leakage is of a much lower magnitude. For simplicity, we only consider the first source of leakage going forward. The signal strength of this leakage is 
22 – 10 = 12 dBm
Table 2. Minimum Leakage and Selectivity performance of V2X UEs
	Tx Power
	Tx ACLR per guard band
	Rx ACS per guard band

	22dBm
	0 MHz 
	10MHz
	20MHz
	0MHz
	10MHz
	20MHz

	Tx power at Rx antenna
	30dBc
	40dBc
	50dBc
	33dBc
	46dBc
	46dBc

	12dBm
	-18dBm
	-28dBm
	-38dBm
	-21dBm
	-34dBm
	-34dBm

	NOTE 1: ACLR is derived based on 3 step models with 10dB step size. First step is according to TS36.101
NOTE 2: ACS for 0MHz guard band according to TS36.101. ACS for 10 and 20 MHz guard band are derived based on in band blocking requirement.



The presence of the Tx signal at the Rx antenna creates 2 separate undesired effects:
· Leakage of the Tx signal out of the Tx channel bandwidth (due to Tx PA non-linearity) would fall into the Rx chain reception bandwidth and interfere with the desired Rx signal. This is characterised by the ACLR (adjacent channel leakage ratio)
· Rx RF front end would also be saturated by the Tx signal strength and raise the noise floor of the Rx signal processing. This is characterized by the ACS (adjacent channel selectivity).
[bookmark: _GoBack]Based on the analysis in Table 2, we can conclude that at the typical available guard band, the leakage from Tx to Rx is too large to allow for any reception activity. It also worth noting the RF analysis above holds regardless of the technology. In the other word, half duplex is a common issue for multichannel operation at 5.9GHz frequency, including:
· LTE-V2X multi-channel operation,
· NR-V2X multi-channel operation,
· LTE-V2X and NR-V2X in device co-operation.
Another in-device coexistence issue between LTE V2X and NR V2X is the concurrent transmission issue. In this aspect, when LTE V2X and NR V2X transmission opportunity overlap in time the UE may not be able to realize both transmissions at the same time. This may be due to UE limited number of Tx chain, or limited PA capability to meet the emission requirement when there are two active transmissions in two different channels, or (in the case of asynchronous operation between two technologies) the start and stop of Tx of one technology may cause transient to the other technology. However, even for LTE V2X multiple carrier operation, there are UEs that cannot support concurrent transmissions on two or more different carriers. Mechanism to support these kinds of UEs has been discussed in great extend in RAN1 during R14 and R15.
Based on the above analysis, we can conclude that the fundamental challenge underlying the in-device coexistence between NR V2X and LTE V2X is the same as those underlying LTE V2X multi carrier operation. So, the main principle in designing solutions for LTE V2X multi carrier operation may still be valid here. Nevertheless, changes in the detail solution may also be needed to address the following factors.
· LTE V2X and NR V2X are two different RATs, which may be implemented as two separated stacks. Solution that requires exchanging information between the two RATs need to account for the inter-RAT communication delay, which is normally UE implementation dependent.
· Solutions for LTE V2X usually based on the fact that the serviced traffic has SPS nature. This may not be the case for NR V2X and such solutions may not be immediately applicable.
· For network assisted scheduling (e.g. mode 3 for LTE V2X), there might be inter RAT scheduling, in the sense that LTE Uu interface may be used to schedule both LTE V2X sidelink and NR V2X sidelink, or vice versa, NR Uu interface may also be used to schedule both LTE V2X sidelink and NR V2X sidelink. New solution may be needed to support this case. 

Observation 1: LTE-V2X and NR-V2X in device coexistence challenges has the same nature as half duplex challenges of LTE-V2X multi-channel operation.

Observation 2: The main difference here lies in the fact that LTE-V2X and NR-V2X are two different RATs, so they can have different signal design, different physical layer procedure and may be implemented in UE in separated stacks.

Observation 3: NR sidelink may have other types of traffic than SPS traffic. Some R14-R15 solution optimized for SPS traffic may not be optimal here.

Observation 4: Inter RAT sidelink scheduling may be supported for mode 3. In device coexistence issue needed to be considered in such kind of solution.

3	Conclusion
In this contribution, we made the following observations regarding the challenging in supporting LTE V2X and NR V2X coexistence within one device:
Observation 1: LTE-V2X and NR-V2X in device coexistence challenges has the same nature as half duplex challenges of LTE-V2X multi-channel operation.

Observation 2: The main difference here lies in the fact that LTE-V2X and NR-V2X are two different RATs, so they can have different signal design, different physical layer procedure and may be implemented in UE in separated stacks.

Observation 3: NR sidelink may have other types of traffic than SPS traffic. Some R14-R15 solution optimized for SPS traffic may not be optimal here.

Observation 4: Inter RAT sidelink scheduling may be supported for mode 3. In device coexistence issue needed to be considered in such kind of solution.
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