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Introduction
The WID on NR sidelink evolution [1] includes the following objective for co-channel coexistence of NR sidelink and LTE sidelink operation in common spectrum.
4. Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4] 
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible 
· Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A 

RAN1 is discussing the solutions for co-channel coexistence and RAN1 decisions will impact the RAN4 work, but this document discusses some issues that may require further RAN4 actions in cases where LTE SL and NR SL are received simultaneously by single UE (FDM and dynamic).

Discussion
Co-channel coexistence between two RATs (LTE V2X and NR V2X) can be achieved by different ways that enable resource sharing within the channel either through Time Domain Multiplexing (TDM), Frequency Domain Multiplexing (FDM), or it can be done using a dynamic radio resource sharing mechanism where behaviour of the one RAT influences the way that the other one can use the channel. 
RAN1 has already concluded that TDM co-channel coexistence can be achieved with no specification changes needed. 3GPP working groups are currently focused on dynamic co-channel coexistence where RAN4 impact is also expected.
As no specification changes are allowed onto the LTE SL specifications during the NR sidelink enhancement work, the RAN1 is focusing in various solutions that try to avoid NR sidelink causing power fluctuation during LTE SL reception, which would require AGC re-settling during the slot. Such power changes could be caused for example by PSFCH and different numerologies in NR V2X that are illustrated in [4] and in figures 1-4. While RAN1 is discussing the details of the co-channel coexistence solutions this document discusses issues that may require further RAN4 actions in cases where LTE SL and NR SL are received simultaneously by single UE (FDM and dynamic).
In the case that both RATs follow the same sub-frame structure, AGC periods are aligned, and power of the signal remains constant during the whole RX period, the receiver is capable of demodulating the both signals as long as the resources are not colliding in frequency domain and power level difference between the signals is not causing challenges for demodulation of one or the other of the received signals. If one of the received signals is significantly stronger than the other(s) the AGC will select the gain that is more optimum for the strongest signal, which may degrade the receive quality for weaker signal(s). Such scenario is shown in Figure 1.
Observation 1: Even if there are no power fluctuations during the LTE V2X receive period the power imbalance between the LTE V2X and NR V2X signals may impact the reception performance of the weaker signal and may need to be further discussed in RAN4.
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[bookmark: _Ref130390929]Figure 1.
However, if the subframe structure for NR V2X is different from the LTE V2X, as in the case of PSFCH transmission, the power changes in the NR V2X transmission will also cause changes to the received signal power, which may degrade the receiver performance and can cause problems for demodulation of both LTE and NR V2X signals. This kind of scenario is shown in Figure 2., where PSFCH is transmitted with higher power than the PSSCH and causes the receive power to fluctuate up and downwards. The power fluctuation caused by the NR V2X signal cannot be compensated in the receiver during LTE V2X reception by repeating the AGC (Automatic Gain Control) algorithm based on PSFCH AGC symbols as this would likely result in significant loss of data for LTE V2X. Power drop during the receive period is not that critical for the receiver but power increase may lead to receiver compression that will degrade the signal quality for all received signals. RAN1 is trying to address this scenario in their ongoing co-channel coexistence work, but it is possible that in certain cases the PSFCH may still be transmitted simultaneously with the LTX V2X and issues discussed above remain.
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In the case that LTE V2X is using different numerology than the NR V2X there can happen even more received power changes during the LTE V2X receive period. Some scenarios where 30kHz SCS is used for NR V2X are shown in Figure 3 and Figure 4.
The challenge for the receiver in both of these scenarios is that the power level of the received signal would be increasing during the receive period of LTE V2X and this can cause saturation of the receiver (ADC). Again, RAN1 is trying to address this scenario in their ongoing co-channel coexistence work, but in the case that in some cases the NR V2X transmissions do not completely overlap the LTE V2X slots the power fluctuations may happen and issues discussed above remain.
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[bookmark: _Ref130468644]Figure 3. Two NR V2X UEs transmitting in adjacent slots
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[bookmark: _Ref130468647]Figure 4 UE2 not transmitting and UE3 transmitting in slot that is overlapping the latter part of the LTE V2X sub-frame

The potential receive problems caused by the power fluctuation can be mitigated by co-channel coexistence mechanisms discussed in RAN1 that minimize or do not allow the received power to increase outside the LTE V2X Data AGC symbols. 
In parallel to this RAN4 should discuss the possibility to require receivers that receive both LTE V2X and NR V2X to tolerate power fluctuations, both up and down, during the LTE V2X receive period. Improved receiver tolerance toward power fluctuation can be achieved by using higher ADC headroom in the scenarios where power fluctuations can happen as this allows larger signal power changes upwards during the reception without receiver compression. Such receiver implementation will naturally require larger receiver and ADC dynamic range as otherwise higher ADC headroom will reduce the distance to noise and may have negative impact on SNR. This kind of improved sidelink reception performance or performance adaptation could be introduced for UEs supporting NR V2X and LTE V2X co-channel coexistence and RAN4 should discuss the need for developing test case for this.
Observation 2: Receiver performance improvement/adaptation can be used to improve the immunity towards power changes that may happen during LTE V2X reception in the device that can receive both LTE V2X and NR V2X simultaneously.

The support for this improved/adapted capability could be tested in similar manner as Power imbalance performance test cases for LTE and NR V2X, but the dual RAT test scenario should include one LTE V2X UE and one or more co-channel NR V2X UEs with, 30kHz SCS (different numerology than LTE V2X). Depending on outcome of the RAN1 work inactive slots, slots with and without PSFCH, which cause the total received power to fluctuate during the LTE V2X receive period should also be considered.
The power imbalance performance requirements for single RAT defined in 36.101 clause 14.4 for LTE V2X and in 38.101-4 clause 11.1.6 for NR V2X require the receiver to tolerate ~17dB power imbalance for LTE V2X  (Reference channel CD.10 with 3 RBs 20M 15kHz SCS) and ~25dB for NR V2X (Reference channel R.PSSCH.2-1.4 with 10 RBs 20M 30kHz SCS). The above-mentioned power imbalance values could be used as starting point for test case definition.
Proposal 1: Received power imbalance performance test cases have been defined for LTE V2X and NR V2X. RAN4 to discuss and analyse the need for same kind of test case for LTE V2X and NR V2X co-channel coexistence. Depending on outcome of RAN1 co-channel coexistence work, immunity towards power fluctuation during the LTE V2X receive period could also be tested. 
In addition to improvements in receiver performance some improvement could also be implemented to the transmitter side. As discussed above the main challenge for the receiver is the power fluctuation during the receive period and also the large power level difference between the signal components within the channel, which both stress the dynamic range of the receiver and ADC.
The AGC algorithm in the receiver adjusts the power of the received signal to meet the target level at the ADC input during the AGC symbols based on the total received power P1+…Pn+N+I, where P1 to Pn are the received powers of LTE and NR signals, N is noise and I is any interference that may be present. For example, in the case that P1 is significantly stronger than other signals, including noise and interference the AGC adjusts the ADC input power primarily based on P1, which may lead to compromised SNR for the other input signal components. In real operating scenarios the power level difference between the two received signals may be very large due to near-far effect and as there is no sidelink power control in LTE V2X. It is possible that UE transmitting the LTE V2X sidelink signal is close to the receiving UE and the UE transmitting the NR V2X signal is further away from the receiver, which results in LTE V2X signal power being significantly larger than the NR V2X signal power at the receiver input. If sidelink power control is enabled for the NR V2X sidelink the received power difference may be further amplified as NR V2X UE will then adjust the output power based on the sidelink path loss (PLSL= mean(PTX, PSSCH DMRS) – mean(PRSRP)).
The possible power level difference between the co-channel LTE V2X and NR V2X signals could be minimized by taking the received power of the LTE V2X signal and power of other received signals into account in the sidelink power control for the NR V2X signal as shown in equation below.
PPSSCH = min(PMAX ,P0,SL + 10 log10(2µ MPSSCH) + 𝛼SL PLSL + POFFSET)
The POFFSET in the formula above would be adjusted by the receiving UE in a way that minimizes the power difference of the received signals or to adjust the SNR of received signals to reach sufficient receiver performance. POFFSET is then signalled to transmitting devices the same way as other power control related parameters. Introduction of the POFFSET parameter to the formula that defines the PPSSCH converts the open loop power control into a closed loop power control scheme that can be used to improve the receiver performance in cases where received is experiencing large power imbalance between the incoming co-channel signals.
Observation 3: Enhanced NR V2X power control could be used to reduce the received power imbalance between LTE V2X and NR V2X signals in certain scenarios.

Conclusions
Observation 1: Even if there are no power fluctuations during the LTE V2X receive period the power imbalance between the LTE V2X and NR V2X signals may impact the reception performance of the weaker signal and may need to be further discussed in RAN4.
Observation 2: Receiver performance improvement/adaptation can be used to improve the immunity towards power changes that may happen during LTE V2X reception in device that can receive both LTE V2X and NR V2X simultaneously.
Proposal 1: Received power imbalance performance test cases have been defined for LTE V2X and NR V2X. RAN4 to discuss and analyse the need for same kind of test case for LTE V2X and NR V2X co-channel coexistence. Depending on outcome of RAN1 co-channel coexistence work, immunity towards power fluctuation during the LTE V2X receive period could also be tested. 
Observation 3: Enhanced NR V2X power control could be used to reduce the received power imbalance between LTE V2X and NR V2X signals in certain scenarios.
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