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Introduction
[bookmark: _GoBack]At the RAN#83 meeting, the work item on NR V2X was approved [1] with one of the objectives for in-device coexistence:
	Solutions for ‘not co-channel’ in-device coexistence between LTE and NR sidelinks
· TDM-based solutions as per the study outcome [RAN1, RAN2, RAN4]
· FDM-based solutions with static power allocation as per the study outcome [RAN4]
· This will not consider the case where LTE and NR sidelinks are in the same frequency band.
· No impact to LTE specifications at least from RAN1 and RAN2 perspective.


The agreements made by RAN1 WG for this topics during the study item phase are provided in Annex A for reader convenience. These RAN1 agreements are used as a starting point / pre-requisite for discussion in this contribution which is dedicated to solutions of in-device coexistence issues. Our views on other NR-V2X design aspects are summarized in our companion contributions [2]-[8]. It should be noted that proper support of in-device coexistence assumes joint consideration with upper layers and thus requires coordinated work with 3GPP RAN2.
In-Device Coexistence
In-Device Coexistence Conflicts
The following types of in-device coexistence conflicts were identified:
Conflict 1. NR PC5 TX vs LTE PC5 TX;
Conflict 2. NR PC5 TX vs LTE PC5 RX;
Conflict 3. LTE PC5 TX vs NR PC5 RX;
Conflict 4. LTE PC5 RX vs NR PC5 RX.
These conflicts can happen due to various reasons. The first one is the leakage among transceiver chains, when transmission on interface-A can lead to strong leakage to interface-B and thus causing failure for reception. Other possible reasons is limited UE capabilities, e.g. when only one of the interfaces (A or B) can be used at a time either for transmission or reception.

Assumptions for In-device Coexistence Scenario
In this document, we assume the following in-device coexistence scenario:
UE has coordination function operating with LTE PC5 and NR PC5 modules and network is aware on coordination function at UE side
LTE PC5 and NR PC5 sub-frames are aligned in time (i.e. synchronized PC5 RATs)
LTE PC5 resource pools and NR PC5 resource pools are overlapped in time (can be fully overlapped)
LTE and NR PC5 technologies, deployed within the same UE, can operate with internal coordination, and network is aware about coordination between sidelink radio-interfaces. The in-device co-existence solutions in this case can be applicable to both gNB/eNB controlled and UE autonomous modes of operation.


Figure 1: Coordination within UE b/w LTE and NR PC5 (Scenario 2)

Assistance Information
If coordination among NR/LTE PC5 radio-interfaces within UE is available, the following assistance information can be exchanged across UE PC5 radio-interfaces:
Sidelink resource configuration information
· Information on sidelink resource pool configurations for sidelink control and shared physical channels (e.g. PSCCH/PSSCH) as well as information on allocation of synchronization resources for PSBCH/SLSS transmissions
Sidelink synchronization information
· Synchronization is needed to align resource grids across radio-interfaces and identify resources with potential in-device coexistence issues. 
Reserved sidelink resources or time intervals (active reservation or HARQ processes)
· Information on reserved sidelink resources can be used to avoid transmission conflicts and utilize sensing and resource selection procedures on each RAT to avoid potential conflicts and in-device coexistence issues across RAT (e.g. sidelink SPS configuration, sidelink reservation process). Each radio interface can provide information on pattern of sidelink resources utilized for SL transmission (e.g. SL SPS information, etc.).
It should be noted that majority of this information is available at UE at corresponding RAT and thus there may be no additional specification impact.


RAN1 assumes that coordination function can share/get the following information across RATs
Sidelink resource configuration on each PC5 RAT
Synchronization configuration on each PC5 RAT
Information on semi-persistent processes and resource reservations across PC5 RATs

NR / LTE PC5 RAT Prioritization
In order to address in-device coexistence conflicts, some mechanism of PC5 RAT prioritization from transmission or reception perspective may be needed (see Figure 2).


[bookmark: _Ref525462918]Figure 2: PC5 RAT Prioritization Logic

In simple scenario, one RAT may be prioritized other another RAT, however it may lead to unfair message delivery from V2X service level perspective and thus mechanisms for coordination of transmissions may be beneficial.
From RAN1 perspective, it can be assumed that V2X service level priority is associated with sidelink transmission priority and therefore at lower layer the sidelink transmission priority can be used for RAT prioritization in case of conflicts. Mapping of V2X service levels or application priorities to sidelink transmission priority is out of RAN1 WG scope and can be done at higher layers. It is also understood that mapping of QoS to sidelink transmission priority can be further discussed in other WGs. For simplicity, we can also assume that sidelink transmission priority in NR-V2X and LTE-V2X have the same notion. If it is not the case additional re-mapping may need to be considered.

 
RAN1 assumes that sidelink transmission priority is used to resolve in-device coexistence conflicts
Inform RAN2 WG on RAN1 assumption and ask for feedback

[bookmark: _Toc516059919][bookmark: _Toc519021861]Pre-configuration Conditions to Resolve In-Device Conflicts
In order to resolve in-device coexistence conflicts, UEs may be (pre)-configured with specific conditions instructions how to address in-device coexistence problem from transmission/reception perspective. 
The conditions to prioritize transmission or reception at one RAT over another one can be based on sidelink transmission priority. For instance, RAT with higher sidelink transmission priority can be prioritized for transmission / reception. Considering that LTE specification is not supposed to be updated based on co-existence framework, the coordination function may only control NR V2X behavior, while LTE V2X behavior is not touched.
The pre-configured prioritization conditions to address in-device coexistence problem may include various signaling and information exchange across various layers in the whole eV2X system. At least the following information can be used in RAT prioritization conditions:
Sidelink transmission priority
· In this case PC5 RAT having higher sidelink transmission priority can be prioritized
Current radio conditions for each RAT
· In this case PC5 RAT with high congestion level may be de-prioritized irrespective of sidelink transmission priority
Resources reserved for transmission across each RAT
· In this case PC5 RAT may take into account reserved resources in resource selection process


Mechanisms for PC5 RAT prioritization (coordination) in terms of transmission/reception take into account:
	Sidelink transmission priority
Radio layer congestion
Information on sidelink resources reserved for transmission across each RAT

Coordination w/ Network and In-Device Coexistence
In case of eNB and gNB controlled modes simultaneously acting across PC5 RATs, the in-device coexistence conflicts should be avoided by proper network scheduling. In case of in-device conflicts for network controlled modes, UE may apply the same logic to resolve coexistence conflicts as in UE-autonomous resource allocation modes, except it cannot handle them in terms of resource allocation (UE is not expected to reselect scheduled by gNB/eNB resource).
In mixed scenario, when one RAT-A operates in network controlled mode and RAT-B operates in UE-autonomous mode, the network does not have information on resources selected in UE-autonomous mode. In this case, two options may be possible: 1) apply the same procedure as used in case of co-existence conflicts b/w UE-autonomous modes (i.e. rely on UE coordination function) or 2) configure UE to report information on semi-persistent resource allocation in UE autonomous mode (e.g. for semi-persistent sidelink grant) so that network can take it into account in scheduling decision.
Finally, NW needs to be aware if UE supports inter-PC5 RAT coordination (i.e. UE has corresponding capability) so that UEs supporting this feature are configured with proper conditions to handle in-device coexistence conflicts.


UE indicates availability of NR/LTE PC5 coordination function, which is subject to UE capability
NR Mode-2 & LTE Mode-3 in-device coexistence conflicts as well as NR Mode-1 & LTE Mode-4 in-device coexistence conflicts are addressed in the same way as NR Mode-2 & LTE Mode-4 in-device coexistence conflicts
Mode-2 NR UEs and Mode-4 LTE UEs (i.e. autonomous resource allocation) can inform network on reserved sidelink resources

In-device Coexistence Conflicts b/w Uu and PC5 Air-interfaces
When UE has multiple Uu and PC5 air-interfaces there may be additional in-device coexistence conflicts with Uu transmissions on shared licensed carriers. Therefore at least the following conflicts may need to be addressed: 
Prioritization of NR Uu UL transmissions over NR PC5 SL or LTE PC5 SL
Prioritization of LTE Uu UL transmissions over NR PC5 SL or LTE PC5 SL
In order to address these problems network may configure which sidelink transmission priority levels should have higher or lower priority than NR UL transmissions and/or LTE UL transmissions.


Prioritization of NR Uu UL transmissions over NR PC5 SL or LTE PC5 SL as well as LTE Uu UL transmissions over NR PC5 SL or LTE PC5 SL is supported

Impact on Physical Layer
In-device coexistence problems may have impact on physical layer design depending on solution.
TDM Coexistence Solutions
The TDM solutions may have the following impact on RAN1:
Resource selection procedures on each RAT, so that if one RAT is aware about ongoing or reserved resources at other RATs, the resource selection step can be enhanced to take into account transmission on the other RAT (e.g. select non-overlapping in time resources)
Control logic to drop packets (transmissions) on one of the sidelink RATs and declaration of DTX or DRX state on one of the sidelink RATs
Sidelink measurements
· Inform RAT-A that its transmissions can be prioritized due to level of congestion on RAT-B
· 	Can be used to determine leakage among RATs


NR sidelink resource selection procedure supports exclusion of resources conflicting with LTE sidelink transmission / reception
Exclusion of resources conflicting with LTE sidelink transmission / reception is subject to priority and radio-layer conditions considerations
Coordination function does not indicate resources as a conflicting with LTE sidelink transmission/reception at least in the following cases:
NR sidelink transmission priority has higher priority
LTE sidelink channel is congested (i.e. CBR is above pre-configured threshold so that sidelink transmission and reception is not guaranteed anyway)
Coordination function should inform NR PC5 RAT about all transmissions on LTE PC5 RAT through declaration of DRX state, so that it can be properly handled in
Measurement of congestion metric by NR
NR sensing and resource selection procedures (e.g. RSSI)

Coordination function in UE can be also used for the purpose of RAT preemption (i.e. preemption of transmission on one of the RATs through declaration of DTX state on other RAT). It can be applied for sidelink transmissions with high priority and reliability. The DTX state on one of the RATs can be indicated in case of high congestion in the system. This information can be useful from in-device coexistence perspective.
FDM Coexistence Solutions
FDM-based solutions with static power allocation were agreed as the study outcome. However, in our view these solutions should be considered by RAN4 WG and do not have impact on RAN1.

TX/RX In-device Coexistence Solutions
Up to date RAN1 mainly considered cross RAT PC5 coexistence issues from transmission perspective. In our view, such issues also exist when one PC5 RAT is in TX state and another PC5 RAT is in RX state. For instance, there may be unicast sessions for reception in NR PC5 RAT and data allocated for transmission in LTE PC5 RAT. In addition, if NR PC5 supports semi-persistent resource allocation and resource reservation mechanisms, the TX/RX conflict can be predicted. The DTX and DRX states can be introduced to control PC5 RAT behavior.


Continue analysis of NR/LTE PC5 coexistence issues and solutions from TX/RX conflict perspective across NR and LTE PC5 RATs

Conclusions
In this contribution, we have analyzed in-device coexistence problems and potential solutions to address those. In general, we think that some of the problems can be addressed by UE implementation, especially in case of UE autonomous resource selection mode. On the other hand, UE behavior to address in-device coexistence conflicts need to be specified. Based on discussion, we have following proposals:
Proposal 1: 
RAN1 assumes that coordination function can share/get the following information across RATs
Sidelink resource configuration on each PC5 RAT
Synchronization configuration on each PC5 RAT
Information on semi-persistent processes and resource reservations across PC5 RATs
Proposal 2: 
RAN1 assumes that sidelink transmission priority is used to resolve in-device coexistence conflicts
Inform RAN2 WG on RAN1 assumption and ask for feedback
Proposal 3: 
Mechanisms for PC5 RAT prioritization (coordination) in terms of transmission/reception take into account:
	Sidelink transmission priority
Radio layer congestion
Information on sidelink resources reserved for transmission across each RAT
Proposal 4: 
UE indicates availability of NR/LTE PC5 coordination function, which is subject to UE capability
NR Mode-2 & LTE Mode-3 in-device coexistence conflicts as well as NR Mode-1 & LTE Mode-4 in-device coexistence conflicts are addressed in the same way as NR Mode-2 & LTE Mode-4 in-device coexistence conflicts
Mode-2 NR UEs and Mode-4 LTE UEs (i.e. autonomous resource allocation) can inform network on reserved sidelink resources
Proposal 5: 
Prioritization of NR Uu UL transmissions over NR PC5 SL or LTE PC5 SL as well as LTE Uu UL transmissions over NR PC5 SL or LTE PC5 SL is supported
Proposal 6: 
NR sidelink resource selection procedure supports exclusion of resources conflicting with LTE sidelink transmission / reception
Exclusion of resources conflicting with LTE sidelink transmission / reception is subject to priority and radio-layer conditions considerations
Coordination function does not indicate resources as a conflicting with LTE sidelink transmission/reception at least in the following cases:
NR sidelink transmission priority has higher priority
LTE sidelink channel is congested (i.e. CBR is above pre-configured threshold so that sidelink transmission and reception is not guaranteed anyway)
Coordination function should inform NR PC5 RAT about all transmissions on LTE PC5 RAT through declaration of DRX state, so that it can be properly handled in
Measurement of congestion metric by NR
NR sensing and resource selection procedures (e.g. RSSI)
Proposal 7: 
Continue analysis of NR/LTE PC5 coexistence issues and solutions from TX/RX conflict perspective across NR and LTE PC5 RATs
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Annex A – List of RAN1 WG Agreements on In-device Coexistence for NR-V2X Communication
In this section, we provide list of RAN1 WG agreements made for in-device coexistence topic during the previous meetings.
	RAN1#94 Agreements
· For the study of LTE-V2X and NR-V2X sidelink co-existence, at least the following scenarios are considered from the UEs perspective:
· LTE sidelink and NR sidelink do not have any coordinated procedures
· LTE sidelink and NR sidelink have coordinated procedures and half-duplex constraints are assumed
· RAN1 will focus on this scenario in the SI
1. RAN1 focus on at least the following potential solutions for coexistence at least until the next meeting: 
· TDM of LTE V2X and NR V2X sidelink transmissions
· FDM of LTE V2X and NR V2X sidelink transmissions

RAN1#94bis Agreements
· In the context of in-device coexistence between NR and LTE V2X sidelinks (not co-channel), 
· TDM solutions are those that prevent overlapping or simultaneous NR and LTE V2X sidelink transmissions.
· FDM solutions are those that involve simultaneous transmissions of NR and LTE V2X sidelink transmissions and defining mechanisms for sharing the total device power between the two.

RAN1#95 Agreements
· Consider solutions for sidelink coexistence for the following: 
· Potential LTE V2X Tx and NR V2X Tx
· Potential LTE V2X Tx and NR V2X Rx
· Potential LTE V2X Rx and NR V2X Tx
· FFS the case of potential LTE V2X Rx and NR V2X Rx, e.g., whether or not it can be handled implementation

· RAN1 will identify both TDM and FDM solutions for coexistence. The specific support for each solution is FFS.
· For FDM solutions: 
· For both dynamic and semi-static power allocation solutions, RAN1 assumes synchronization between NR and LTE V2X sidelinks, for a NR V2X UE when NR and LTE V2X sidelinks are intra-band
· The case of inter-band is FFS
Note: If the identified solutions can be applied to systems that are not synchronized, then RAN1 may revisit this assumption.

RAN1 – AdHoc-1901
· 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

· 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

· 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

· 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

RAN1#96 Agreements
· From RAN1 point of view, short term TDM solutions for NR and LTE V2X in-device coexistence is considered to be feasible for a UE when the load for the UE from LTE side and from NR side is at or below an acceptable level
· For each occurrence of Tx/Tx overlap and of Tx/Rx  overlap, one RAT is prioritized over another
· High-level principles of prioritization (e.g., BSM is deemed to have a higher priority, etc.) of LTE/NR can be discussed during the WI phase, while it is expected that detailed solutions may be left for implementation

· From RAN1 point of view, for both intra-band and inter-band Tx/Tx FDM solutions for in-device coexistence are considered to be feasible, at least if the following conditions are met:
· For the intra-band case for dynamic power sharing, NR and LTE transmissions are fully overlapped in the time domain, i.e., NR transmissions have to span the entire LTE TTI such that the total power across the transmissions is constant. 
· For intra-band and inter-band FDM dynamic power sharing solutions, the following additional conditions apply:
· 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
· For purposes of dynamic power sharing between LTE and NR Tx, 
· High-level principles of prioritization (e.g., BSM is deemed to have a higher priority, etc.) of LTE/NR can be discussed during the WI phase, while it is expected that detailed solutions may be left for implementation

· Rx/Rx coexistence are feasible for intra- & inter-band from RAN1 point of view
· High-level principles of Rx/Rx coexistence of LTE/NR can be discussed during the WI phase, while it is expected that detailed solutions may be left for implementation

· Based on the study from physical layer specification perspective, in-device coexistence of LTE and NR sidelink is feasible for intra- & inter-band under the respective conditions & solutions for TX/TX, TX/RX, & RX/RX 
· In the TR, also provides a reference to the respective sections
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