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Introduction
New WID on 5G V2X describes the following item for NR Uu configuring LTE sidelink [1].
	· 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.



In this contribution we discuss achievable latency performance with long-term TDM, which coexistence scenarios are feasible for short-term time-scale TDM, and benefits of network assistance message for coexistence between LTE V2X and NR V2X.
Discussion
According to NR V2X SI [2], long-term TDM and short-term TDM are deemed feasible solutions for in-device coexistence. Long-term TDM relies on network configuration with no in-device information coordination whereas short-term TDM requires information exchange between modules and is only feasible when the traffic load is below an acceptable level. 
Long-term time-scale TDM
Due to semi-static configuration of resources by network, some concerns were raised during SI regarding potential impacts of long-term TDM on NR V2X latency. In LTE V2X, most of the periodic broadcast traffic require 100 ms latency and the minimum L1 latency requirement is 10 ms. In NR V2X, some services with aperiodic traffic require as low as 3 ms L1 latency, and there are other periodic NR V2X traffic with more relaxed latency requirement [3]. 
Long-term TDM is applicable with no latency drawback when NR V2X traffic is periodic. When LTE V2X traffic is periodic and NR V2X traffic is aperiodic, it is important to study achievable latency performance with long-term TDM under low traffic load conditions. 
Fig.1 illustrates resource pool configuration with subframe-level synchronized sidelinks. Lower latency can be achievable with long-term TDM in NR sidelink if LTE resources are configured sporadically.
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Figure 1:  Sporadic resource configuration in LTE sidelink can improve NR sidelink latency with long time-scale TDM.


No information exchange is necessary between RAT modules for long term time scale TDM as NR and LTE resource pools can be pre-configured by network with orthogonal T/F resources. As NR V2X supports use cases with strict latency requirements and aperiodic traffic, such non-overlapping resource pool configurations may not offer sufficient time resources for NR transmission within a short latency window. However, if resource pools are configured by taking into account minimum latency requirements at a UE, latency drawback can be minimized by long term time scale TDM at the expense of less flexible resource configuration in LTE sidelink.
LTE V2X is estimated to be active approximately about 1-3% of the time, so orthogonal resource configuration with long-term TDM may not impact LTE sidelink resource efficiency drastically. 
Observation 1: LTE V2X is estimated to be active approximately about 1-3% of the time, minimum required NR sidelink latency performance can be achievable by long-term TDM with proper LTE sidelink resource configuration.
Due to its fast information exchange prequisite between RATs, short-term TDM may be supported by some of the UEs only. In that case, it is also important to study the feasbility of achievable NR sidelink latency performance of long-term TDM by means of proper resouce configuration in LTE sidelink. 
Proposal 1: Minimum achievable latency performance by long-term time-scale TDM needs to be understood in NR sidelink when LTE resources are configured sporadically in time. 
Long-term TDM is realized by network resource configuration. In case of misconfiguration of resources by the network (e.g., due to imperfect coordination between eNB and gNB), it is also important to define UE behavior when collision occurs. Since UE is not expected to exchange inter-RAT information in long-term TDM, it should be up to UE implementation to prioritize either packet or drop both packets when such collisions happen due to network misconfiguration. 
Proposal 2: UE should not be required to process either packet when the packets collide due to network misconfiguration in long-term TDM. It can be up to UE implementation to process either packet when feasible.

Short-term time-scale TDM
According to Rel-16 NR V2X SI outcome, short-term TDM is considered to be feasible as long as the traffic load is at or below an acceptable level [2]. 
LTE V2X and NR V2X can both have periodic and aperiodic traffic. Coexistence of periodic traffic from both RATs can be maintained by long-term TDM configuration since there is no need for fast information exchange between RAT modules. 
Observation 2: No need for short term time scale TDM for coexistence of periodic LTE V2X traffic and periodic NR V2X traffic. 
When both LTE V2X and NR V2X have aperiodic traffic, short-term TDM is not feasible as dynamic resource selection/configuration does not allow sufficient time for information exchange between RAT modules. 
Observation 3: Coexistence of aperiodic LTE V2X traffic with aperiodic NR V2X traffic is not feasible for short-term TDM due to dynamic resource selection/configuration. 
When aperiodic LTE V2X traffic overlaps with periodic NR V2X traffic, NR sidelink resources can be readily available in the LTE module, hence coexistence issue can be avoided by using non-overlapping resources for LTE sidelink traffic. If information about used NR sidelink resources are not available at the LTE module, coexistence issue cannot be avoided by dropping NR traffic since LTE sidelink resources are selected/configured dynamically. 
Observation 4: Coexistence issue with aperiodic LTE V2X traffic can be avoided if selected/configured resources for periodic NR V2X traffic are readily available at the LTE module.
When periodic LTE V2X traffic overlaps with aperiodic NR V2X, the feasibility of short-term TDM depends on available time budget during which one of the RAT packets can be dropped. 

To summarize, the following coexistence scenarios can be listed in terms of traffic types in LTE V2X and NR V2X:
· Periodic LTE V2X + Periodic NR V2X : Coexistence based on long-term TDM (no need for short-term TDM)
· Aperiodic LTE V2X + Aperiodic NR V2X : Short-term TDM is not feasible due to insufficient time
· Aperiodic LTE V2X + Periodic NR V2X : Short-term TDM is not feasible unless used NR V2X are readily available at LTE module before LTE resources are selected/granted.
· Periodic LTE V2X + Aperiodic NR V2X : Feasibility of short-term TDM is possible depending on time budget.

For the fourth scenario (periodic LTE V2X + aperiodic NR V2X), coordination between NR and LTE modules requires some in-device information exchange, therefore feasibility needs to be need understood, as analyzed in the following example below.
Feasibility analysis of short-term TDM
Let us consider that a UE is configured with periodic LTE SPS activation by network, and soon later the UE starts preparing an NR sidelink transmission on time resources some of which overlaps with the scheduled LTE SPS transmission. The UE is assumed to be configured with LTE and NR resource pools with some overlapping resources as illustrated in Figure 3. If transmission or reception is scheduled on same resources in both LTE and NR sidelink, the coexistence issue needs to be resolved by either dropping or re-scheduling one of the grants. 
We consider the Tx-Tx case and define the LTE transmission preparation time from the reception of DCI format 5A SPS activation to the first symbol of the SPS transmission grant, as denoted by KLTE. 
We also define NR transmission preparation time as duration from packet arrival timing to the first symbol of NR transmission. Note that NR sidelink may be configured with a different subcarrier spacing than LTE sidelink. 
Let us denote the inter-module signaling delay between LTE and NR by X. If the NR implementation module can be informed about the LTE transmission resources in time, coexistence issue can be solved.
If the NR transmission is intended to be dropped for collision avoidance, the timing condition on signaling delay X to satisfy is
X ≤ KLTE – KNR
If the NR transmission requires strict latency target, it may be desirable to fulfill NR transmission prior to LTE SPS. For this case the timing condition on maximum acceptable signaling delay X will be`
X ≤ KLTE – KNR – LNR
where LNR is the NR transmission duration (i.e., PSSCH length in time-domain). Here, we assume that NR resource pool configuration has available resources in the preceding slot.
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Figure 2: LTE SPS transmission upon DCI-5A activation and NR transmission collides on overlapping resources.
We set KLTE and KNR to N2 capability-1 values in Rel-15 LTE and Rel-15 NR respectively. The maximum acceptable delay X for NR PSSCH transmission durations of 4, 7, 14 symbols and for NR sidelink subcarrier spacing values of 15, 30, 60, 120 KHz are listed in Table 1 and Table 2.


Table 1: Maximum acceptable inter-module signaling delay (X) to drop NR transmission.
	NR SCS = 15 KHz
	NR SCS = 30 KHz
	NR SCS = 60 KHz
	NR SCS = 120 KHz

	X ≤ 3.2 ms
	X ≤ 3.5 ms
	X ≤ 3.5 ms
	X ≤ 3.6 ms



Table 2: Maximum acceptable inter-module signaling delay (X) to send NR transmission before LTE SPS.
	
	NR SCS = 15 KHz
	NR SCS = 30 KHz
	NR SCS = 60 KHz
	NR SCS = 120 KHz

	LNR = 4 symbol
	X ≤ 3.0 ms
	X ≤ 3.4 ms
	X ≤ 3.5 ms
	X ≤ 3.6 ms

	LNR = 7 symbol
	X ≤ 2.7 ms
	X ≤ 3.3 ms
	X ≤ 3.4 ms
	X ≤ 3.6 ms

	LNR = 14 symbol
	X ≤ 2.2 ms
	X ≤ 3.0 ms
	X ≤ 3.3 ms
	X ≤ 3.5 ms



Note that the results in Table 1 and Table 2 are calculated optimistically wherein KNR is set to its minimum possible value in Rel-15 and KLTE is set to relaxed 4 subframe duration. Also, the NR resource pool configuration is assumed to have available resources at every symbol. In a more realistic setup, it is reasonable to expect an additional 1-2 ms restriction on signaling delay. 
Based on our analyses, we have the following conclusions: 
· In the Tx – Tx case, prioritization of LTE sidelink may be feasible depending on the duration from the activation DCI to the 1st SPS transmission opportunity. If the inter-module signal delay can be noticably shorter than the SPS activation duration, NR sidelink transmission can be dropped in time. The inter-module signaling may not sufficiently short if RAT modules are in different chipsets. On the other hand, prioritization of NR sidelink is not feasible as the NR PSSCH preparation time is much shorter than LTE.
· In the Tx (LTE sidelink) – Rx (NR sidelink) case, prioritization of LTE sidelink transmission is feasible as preparation time is not an issue. However, prioritization of NR sidelink reception is not feasible due to lack of sufficient time to inform LTE module about the upcoming NR sidelink reception.
· In the Rx (LTE sidelink) – Tx (NR sidelink) case, prioritization of NR sidelink transmission seems feasible as NR preparation time is typically short. However, prioritization of LTE sidelink reception may or may not be feasible depending on the inter-module signaling delay.
Hence we have the following observation.
Observation 5: It is feasible to drop aperiodic NR V2X packet to prioritize periodic/semi-static LTE traffic in most Tx-Tx and Tx-Rx scenarios.
As analyzed, achievable NR-V2X latency performance with long-term TDM is sufficient for some use cases [3]. Also, the feasibility of short-term TDM is questionable for some cases. Since Rel-16 WI time budget is limited, we prefer to define simple prioritization rules for LTE-V2X/NR-V2X coexistence in Release 16. 
As shown in our analysis, prioritization of LTE by dropping NR packet is feasible in most Tx-Tx and Tx-Rx cases. In addition, LTE V2X mostly carries safety related broadcast messages (e.g., BSM, CAM). Furthermore, it is preferable to have minimal or no impact to LTE specifications, as captured in WID [1]. 
Hence, we propose to define prioritization of periodic/semi-static LTE V2X packets over aperiodic NR V2X packets in short-term TDM in Release 16. 

Proposal 3: Always prioritize periodic/semi-static LTE V2X packets over aperiodic NR V2X packets in Tx-Tx, Tx-Rx, and Rx-Tx cases with short-term TDM. 

Rx-Rx coexistence in short-term TDM
On Rx-Rx coexistence, the following agreement was made in RAN1-96 [4]:
	Agreements:
· 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



One issue with Rx-Rx case is near-far effect, wherein difference in receive power between two RATs causes detection problem since ADC cannot utilize full dynamic range for RAT reception with lower rx power. Another issue is higher processing complexity at the receiver due to simultaneous decoding for two RATs. In our view it is not necessary to define a dropping/prioritization rule in the specification as the decision can be left to UE implementation.
Proposal 4: The Rx-Rx in-device coexistence issue is left to UE implementation.

Network assistance message
Long-term TDM and short-term TDM solutions avoid coexistence issues preemptively before collision occurs by dropping one of the RATs. It is also important to define mechanisms to overcome a coexistence problem after a collision occurs for following reasons:
· Short-term TDM feasibility depends on information exchange delay between RAT modules, and there are cases where neither of the packets can be dropped in time. When such collision occurs, it is desirable to inform the network to prevent such collisions in the future. 
· Long-term TDM depends on network configuration of non-overlapping resources between RATs. In a possible scenario, UE may have two separate connections to eNB and gNB to control LTE sidelink and NR sidelink respctively. Due to lack of backend coordination or due to one of the RATs being in out-of-coverage state, overlapping LTE sidelink and NR sidelink resources may be configured at UE by mistake. Since UE is not expected to perform any inter-module information exchange between RATs in long-term TDM, a packet collision may occur. It would be beneficial to provide the network with information on how and when a collision occurred.
· Another potential cause for a collision can be imperfect synchronization between RATs. Since TDM solutions require tight synchronization in sidelink, any time misalignment could cause a packet collision. 
Observation 6: Packet collisions are sometimes unavoidable for in-device coexistence despite TDM solutions.

In our view, it is useful to allow UE to inform the network when a packet collision due to coexistence occurs.
Proposal 5: Support network assistance indication messages that allow UEs to inform the network after a packet collision occur due to in-device coexistence of LTE-V2X and NR-V2X. 
If a UE realizes that it cannot solve the sidelink coexistence issue by itself, UE can send an indication message to network to request assistance via higher-layer signalling. After network receives the message, network can choose to adjust some of the sidelink configuration parameters at UE (such as resource pool). After UE receives its new configuration, UE can alert the network later if a similar collision occurs again (e.g., during the next transmission occasion of the same periodic LTE traffic). See Figure 3.
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Figure 3: Indication message to network can help overcome coexistence issue.

Indication messages sent to network by in-coverage UEs may include some of the following information to assist gNB:
· Affected frequency resources
· Affected time resources
· Interference direction (i.e., LTE-to-NR or NR-to-LTE)
· Any hardware sharing issues
· Desired resource reservation configuration
· DRX information
· Traffic information of colliding packets (e.g., transmission periodicity, packet latency/priority)
After such a collision indication is received, gNB can provide UE with a solution that may involve one of the following configurations:
· Configuration of a new resource pool
· Reconfiguration of BWP
· Allocation of different resources for mode-1 dynamic grants
· Re-configuration of configured grants (grant-free)
· Assignment of a different TDM pattern (e.g., DTX and/or DRX)
· Configuration of new transmission priority/dropping rules
· Re-routing sidelink traffic through Uu

We propose the following: 
Proposal 6: Indication message sent by an in-coverage UE to gNB should provide information on collision type and affected packet traffic. 
· Exact message content FFS.
Conclusions
We have the following observations:

Observation 1: LTE V2X is estimated to be active approximately about 1-3% of the time, minimum required NR sidelink latency performance can be achievable by long-term TDM with proper LTE sidelink resource configuration.
Observation 2: No need for short term time scale TDM for coexistence of periodic LTE V2X traffic and periodic NR V2X traffic.
Observation 3: Coexistence of aperiodic LTE V2X traffic with aperiodic NR V2X traffic is not feasible for short-term TDM due to dynamic resource selection/configuration.
Observation 4: Coexistence issue with aperiodic LTE V2X traffic can be avoided if selected/configured resources for periodic NR V2X traffic are readily available at the LTE module.
Observation 5: It is feasible to drop aperiodic NR V2X packet to prioritize periodic/semi-static LTE traffic in most Tx-Tx and Tx-Rx scenarios.

We have the following proposals:

Proposal 1: Minimum achievable latency performance by long-term time-scale TDM needs to be understood in NR sidelink when LTE resources are configured sporadically in time.
Proposal 2: UE should not be required to process either packet when the packets collide due to network misconfiguration in long-term TDM. It can be up to UE implementation to process either packet when feasible.
Proposal 3: Always prioritize periodic/semi-static LTE V2X packets over aperiodic NR V2X packets in Tx-Tx, Tx-Rx, and Rx-Tx cases with short-term TDM.
Proposal 4: The Rx-Rx in-device coexistence issue is left to UE implementation.
Proposal 5: Support network assistance indication messages that allow UEs to inform the network after a packet collision occur due to in-device coexistence of LTE-V2X and NR-V2X.
Proposal 6: Indication message sent by an in-coverage UE to gNB should provide information on collision type and affected packet traffic. 
· Exact message content FFS.
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