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Introduction
In RAN #80 meeting [1], the following objective for coexistence in NR V2X study item is as follows:

	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 will discuss the scenarios and issues of coexistence of NR sidelink and LTE sidelink in V2X.
Scenarios of coexistence of NR sidelink and LTE sidelink in V2X
There is a common principle is that NR sidelink and LTE sidelink work in the ‘not co-channel’ scenario. It means that NR sidelink and LTE sidelink would not be operate in the same carrier. The coexistence scenarios can be classified as follows:
· [bookmark: _Hlk521044629]Scenario 1: In-device coexistence should focus on minimizing the cross-link interference of the coexisting NR sidelink and LTE sidelink.
· Scenario 1-1: LTE sidelink technology/module and NR sidelink technology/module are independent. LTE sidelink technology/module and NR sidelink technology/module may be equipped in the vehicle at different time. For example, LTE sidelink module has already been equipped in a vehicle. When the evolution of NR V2X is completed, NR sidelink module would be equipped in the same vehicle. Therefore, there is no interaction between LTE sidelink module and NR sidelink module. For this scenario, the interference is the main issue. New mechanism shall be studied that NR sidelink technology shall not degrade the performance of LTE sidelink. 
· Scenario 1-2:  LTE sidelink technology/module and NR sidelink technology/module jointly operate in different channels as CA. The interaction between LTE sidelink technology/module and NR sidelink technology/module can be achieved. For this scenario, both inter-band and intra-band cases should be considered and coordination mechanism should be studied considering interference, power sharing, half duplex and synchronization. 
· Scenario 2: Link coexistence. Advanced V2X services provided by NR sidelink coexisting with basic V2X service provided by LTE sidelink in different channels. This scenario is for the system level coexistence. Considering system level link coexistence, the cross-link interference should be studied in the NR sidelink design to alleviate interference between the two links.
Proposal 1: For in-device coexistence scenarios, the internal coordination mechanism of the device should be further studied. 
Proposal 2: For system level link coexistence, the cross-link interference should be further studied in the NR sidelink design.
Issues of coexistence of NR sidelink and LTE sidelink in V2X
Considering the coexistence scenarios, the main coexistence issues and potential enhancement points are discussed as follows.
1.1. Interference
Based on the coexistence scenarios, the co-channel interference is not in the scope of NR V2X study. And for non-co-channel scenario, both intra-band and inter-band cases should be considered. 
For intra-band case, when one of the two sidelink is performing transmission, in-band emission from the transmission would cause the interference to the other one. The following factors should be considered as follows.
· Max TX power of NR sidelink. The EN-DC for non-standalone NR had specified the configuration of maximum TX power for NR and LTE in order to support dynamic power sharing.  If the UE support dynamic power sharing, the sum of the configured maximum power for LTE and NR could be over the maximum power of the UE power class, e.g. 23 dBm. If the max TX power of NR sidelink is specified higher than 23dBm of LTE sidelink, when V2X services are transmitted in NR sidelink, the power scaling needs to be performed.
· Unbalanced PSD. RAN4 had shown the study results of intermods and reverse intermods on the ability of UEs to meet emission requirements for intra-band EN-DC and sent an LS to RAN1 [2].  The study results showed that power reduction techniques including MPR and A-MPR can be used to minimize the impact of these IMDs and RIMDs.  The MPR and A-MPR with equal PSD between LTE and NR and equal back-off for E-UTRA and NR is assumed in the RAN4 study. The equal PSD assumption is not consistent with RAN1 power control design in LTE and NR.   For intra-band NR and LTE V2X, the performance of inband emission needs to be studied. 
· Numerology of NR sidelink. Considering the support of variable numerology in NR V2X sidelink, the SCS would cause PSD scaling for the overlapped area between the LTE and NR sidelink transmission. In LTE sidelink, the SCS is fixed at 15 KHz and the TTI length is fixed at 1ms. If there is not a mechanism to limit the PSD in NR sidelink, using resources with SCS larger than 15 KHz, the impacts due to the inband emission cannot be ignored. 
· Dynamic slot format of NR sidelink. The LTE V2X services are transmitted and received in LTE sidelink logical subframes, except for the SLSS subframes, DL/special subframes and reserved subframes. The TDD configuration is not dynamic configured. However, in NR sidelink, if the dynamic slot format is introduced, the interference between UL and DL would be more complex.   
Therefore, in-band emission should be evaluated for coexistence of NR sidelink and LTE sidelink, which should be studied by RAN 4.   
Proposal 3: For intra-band coexistence of NR sidelink and LTE sidelink in V2X, in-band emission should be further studied.
For inter-band case, out of band emission should be studied. In additional, both sidelink frequencies for FR1 and FR2 are included in this study item. When FR1 and FR 2 are both used, because the frequency in FR2 can be multiple of the frequency of FR1, the inter-modulation interference should be considered. 
Proposal 4: For inter-band coexistence of NR sidelink and LTE sidelink in V2X, out of band emission and inter-modulation interference should be further studied.
1.2. PPPP and QoS mechanism  
NR V2X study is to target advanced V2X use cases, which have the advanced V2X requirements as high data rate, high reliability and medium to low latency. LTE V2X PPPP mechanism cannot effectively indicate the requirement considering the combination of variable latency and reliability requirements. Therefore, the objective of QoS mechanism study is included in NR V2X SID [1]. Considering PPPP used for LTE V2X sidelink services and QoS used for NR V2X sidelink services, when study the coexistence mechanism, how to align or map the PPPP and QoS should be further studied.
Proposal 5:  Considering PPPP used for LTE V2X sidelink services and QoS used for NR V2X sidelink services, a common priority mapping rules should be further studied.
1.3. Power sharing
Considering the in-device coexistence scenarios, V2X services can be transmitted simultaneously in both NR sidelink and LTE sidelink. The power sharing should be considered when the total transmitted power of LTE and NR are overbooked.   In Rel-15 carrier aggregation, power sharing agreement [3] is achieved as follows:
· If there is overlap in one TTI and UE is not able to transmit simultaneously on multiple carriers due to limitation in available power, then UE should prioritise transmission on higher priority packets.
· If there is overlap in one TTI of same priority packets in different carriers then it should be left to UE implementation to perform transmission if it is constrained in terms of available power.
· In case of conflict with uplink transmission, Rel-14 rules are used with respect to uplink transmissions
For the coexistence of NR sidelink and LTE sidelink, the power sharing of EN-DC should be considered. The EN-DC power sharing always prioritizes the LTE power control and scales down/drops the NR TX power in partial or full overlapped area when the sum of the TX power is over the UE power class.   
For coexistence scenario 1-2, both NR sidelink and LTE sidelink can achieve the power adjusting operation. While for coexistence scenario 1-1, LTE V2X sidelink technology/module would not be forward compatible with NR V2X sidelink technology/module. Only NR sidelink can be the operator. And it should be further studied whether and how to perform power adjusting by NR sidelink.
Proposal 6:  Power sharing for coexistence of NR sidelink and LTE sidelink in V2X should be further studied.
1.4. Half duplex impact for adjacent channel transmission
For in-device coexistence scenarios, if NR sidelink and LTE sidelink work in adjacent channels in one device, half duplex impact should considered. In Rel-15 LTE V2X carrier aggregation, half duplex impact is evaluated and shown that the system performance would be degraded [4]. Considering coexistence of NR sidelink technology and LTE sidelink technology, more carriers would be used for the advanced services. The more significant half duplex impact would appear in the coexistence scenarios. In addition, considering the new physical layer structure in NR V2X sidelink, e.g. the variable numerology and the dynamic slot format, the half duplex impact to the V2X performance would become more significant. Therefore, the half duplex impact and solution for adjacent channel transmission should be further studied.
Proposal 7: The issue of half duplex for adjacent channel transmission considering coexistence of NR sidelink and LTE sidelink in V2X should be further studied. 
1.5. Synchronization for adjacent channel transmission
For intra-band NR sidelink and LTE sidelink, for the synchronization between NR V2X sidelink LTE V2X sidelink is critical to avoid the performance degradation caused by in-band emission and cross-interference.  The performance of the intra-band EN-DC would have stronger performance impact caused by NR V2X sidelink physical layer structure [5], such as half duplex impact, TX power sharing and TX dropping, comparing to that of LTE V2X multiple carrier scenarios. The additional half duplex impact and TX power sharing are illustrated in Figure 1 and Figure 2 respectively.


Figure 1: The more significant half-duplex impact caused by non-synchronization


Figure 2: The more TX power sharing caused by non-synchronization
Therefore, synchronization for adjacent channel transmission should be further studied. However, NR synchronization design would be different from LTE synchronization mechanism [6]. Considering NR V2X sidelink design, how to align the synchronization resources and how to perform the simultaneous SLSS transmission may be the details to be studied.
Proposal 8: Synchronization for coexistence of NR sidelink and LTE sidelink should be further studied, considering the NR sidelink synchronization design. 
Conclusion
In this contribution, the issues for coexistence of NR sidelink and LTE sidelink in V2X are discussed. Particularly, we have following proposals:
[bookmark: _GoBack]Proposal 1: For in-device coexistence scenarios, the internal coordination mechanism of the device should be further studied. 
Proposal 2: For system level link coexistence, the cross-link interference should be further studied in the NR sidelink design. 
Proposal 3: For intra-band coexistence of NR sidelink and LTE sidelink in V2X, in-band emission should be further studied.
Proposal 4: For inter-band coexistence of NR sidelink and LTE sidelink in V2X, out of band emission and inter-modulation interference should be further studied.
Proposal 5: Considering PPPP used for LTE V2X sidelink services and QoS used for NR V2X sidelink services, a common priority mapping rule should be further studied.
Proposal 6:  Power sharing for coexistence of NR sidelink and LTE sidelink in V2X should be further studied.
Proposal 7: The issue of half duplex for adjacent channel transmission considering coexistence of NR sidelink and LTE sidelink in V2X should be further studied.
Proposal 8: Synchronization for coexistence of NR sidelink and LTE sidelink should be further studied, considering the NR sidelink synchronization design. 
References
[1]. [bookmark: _Ref427008671][bookmark: _Ref427135890]RP-181480, "New SID: Study on NR V2X ", Vodafone, La Jolla, USA, 3GPP RAN #80.
[2]. [bookmark: _Ref521143683][bookmark: _Ref520498083]R1-1807805, “LS on RAN4 agreement on intraband EN-DC A-MPR”, RAN4
[3]. 3GPP TSG RAN WG1 Meeting RAN1 #92bis chairman notes,  April 2018.
[4]. R1-1801701, "Discussion on carrier aggregation for mode 4 in V2X phase 2", CATT, Athens, GREECE, 3GPP RAN1 #92.
[5]. R1-1808400, "Physical layer structure and procedure in NR V2X", CATT, Gothenburg, Sweden, 3GPP RAN1 #94.
[6]. R1-1808401, "Considerations on synchronization mechanism in NR V2X ", CATT, Gothenburg, Sweden, 3GPP RAN1 #94

image2.emf
Carrier4

Carrier3

NR

V2X

Sidelink

TX TX

LTE 

V2X 

sidelink

TX

TX

Carrier2

Carrier1

T

X

T

X

T

X

Power sharing


oleObject2.bin
�

Carrier4


Carrier3


NR
V2X
Sidelink


TX


TX


Power sharing


LTE 
V2X sidelink


TX


TX


Carrier2


Carrier1


TX


TX


TX



image1.emf
Carrier4

Carrier3

NR

V2X

Sidelink

s

k

i

p

skip skip

LTE 

V2X 

sidelink

TX

skip

Carrier2

Carrier1

s

k

i

p

s

k

i

p


oleObject1.bin
�

LTE 
V2X sidelink


TX


skip


Carrier2


Carrier1


Carrier4


Carrier3


NR
V2X
Sidelink


skip


skip


skip


skip


skip



