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Introduction
The following agreements were made in RAN1-AH-1901 for in-device coexistence of LTE-V2X and NR-V2X [1].
	Agreements:
· 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
Agreements:
· 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

Agreements:
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
Agreements:
· 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



In this contribution we discuss feasibility of short time scale TDM and details of intra-band FDM for in-device coexistence.
Discussion
LTE and NR SL in-device coexistence can occur in 4 cases: 1) Tx-Tx, 2) Tx-Rx, 3) Rx-Tx, 4) Rx-Rx . The Tx-Tx conflict suffers from power sharing and interference problems. The Tx-Rx and Rx-Tx conflicts cause severe interference leakage at the receiving RAT module. Also, simultaneous transmission and reception may not be supported at the device due to half-duplex limitation, which may require prioritizing one of the RATs with either FDM or TDM approach. One of the main issues with the Rx-Rx case is processing complexity at the receiver due to simultaneous decoding. In our view it is not necessary to define a dropping/prioritization rule in the spec as the decision can be left to UE implementation.
Observation 1: Higher processing complexity is the main issue for Rx-Rx coexistence.
Proposal 1: The Rx-Rx in-device coexistence issue can be left to device implementation.
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Figure 1: In-device coexistence issues: Tx-Tx, Tx-Rx, Rx-Tx, Rx-Rx.
TDM solutions
No information exchange is supported within the UE 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 issue can be avoided by long term time scale TDM to a certain extent without inter-module coordination. 
[image: ]
Figure 2: Example LTE and NR resource pools with long term time scale TDM (no in-device coordination).

Fig.1 illustrates an example resource pool configuration with subframe-level synchronized sidelinks. It has been agreed that subframe boundary alignment is required for TDM. If LTE resource pool is configured without any pair of consecutive subframes, low latency can be achievable in NR sidelink without short-term dynamic coordination. NR V2X use cases support as low as 3 ms e2e latency requirement [2]. If long-term time scale TDM can satisfy 3ms latency requirements, there may not be a need for short term TDM solutions. 
Observation 2: NR V2X latency requirements can be fulfilled for some V2X use cases with long term time scale TDM.
Proposal 2: Latency performance of long term time scale TDM should be evaluated with the available NR V2X use case requirements as performance benchmark.

Dynamic coordination between NR and LTE sidelink for short term time scale TDM requires information exchange, hence its feasibility and information content need to be discussed. 
LTE and NR sidelink grants can be either on semi-static periodic resources or dynamic one-shot resources. It is reasonable to say that there is no need for dynamic inter-module coordination when both grants are configured semi-statically. 
Observation 3: There is no need for short term time scale TDM when both LTE and NR grants are semi-statically configured.
For the scenarios where dynamic grants are configured in NR sidelink, we can consider short term time scale TDM in two different cases:
· LTE dynamic resource grant (mode-3) + dynamic NR grant
· LTE periodic SPS (mode-3 or mode-4) + NR dynamic grant

Short term time scale TDM is not feasible in the first scenario, and we analyze the feasibility of the second case as follows. 
Let us consider that a UE is configured with a periodic LTE SPS activation by the 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 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 3: 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 make the following observations. 
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.
 
Observation 4: Short term time scale TDM with LTE SPS is not feasible to prioritize NR SL transmission in Tx-Tx case.
Observation 5: Short term time scale TDM with LTE SPS may be feasible to prioritize LTE SL transmission in Tx-Tx case depending on the inter-module signaling delay.
Observation 6: Short term time scale TDM with LTE SPS is feasible to prioritize the transmitting RAT over receiving RAT in Tx-Rx case. 
Observation 7: Short term time scale TDM with LTE SPS may be feasible to prioritize LTE SL reception over NR SL transmission in Tx-Rx case depending on the inter-module signaling delay. 
Observation 8: Short term time scale TDM with LTE SPS is not feasible to prioritize NR SL reception over LTE SL transmission in Tx-Rx.
FDM solutions
Similar to the TDM solution, LTE and NR resource pools can be configured by network by taking into account intra-band FDM coexistence solutions. Resource pools can be configured with sufficient guard band between RATs to avoid severe interference. As shown in Figure 4, if UE detects a coexistence issue later (e.g., due to severe interference at the reception in case of Tx-Rx coexistence such as caused by insufficient guard band) and if UE cannot resolve the coexistence issue itself, it may signal the network to request assistance. Network can then re-configure one of the resource pools (e.g., a resource pool has enough guard band to the resource pool of another RAT).
Proposal 3: LTE and NR resource pools can be configured with sufficient guard band by network for FDM.
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Figure 4: Insufficient guard band between LTE and NR resource pools may cause coexistence issue.

Another issue with intra-band and inter-band FDM is transmit power sharing for the Tx-Tx case. LTE sidelink is considered for basic safety use cases, such as BSM (basic safety message) or CAM (cooperative awareness message). Such LTE safety messages should be prioritized over other types of traffic with less urgency. On the other hand, NR sidelink can also carry safety messages/transmissions. Packet QoS priorities can be a factor in power sharing.
LTE/NR power sharing in EN-DC depends on UE capability. If UE is capable of dynamic sharing, NR transmission power is reduced to ensure that total power stays below power limit. If UE is not capable of dynamic sharing, LTE is prioritized and NR transmission is discarded. EN-DC power control should be considered baseline for power sharing in sidelink coexistence.
Proposal 4: Power sharing rules should be defined for sidelink with semi-static EN-DC power control as baseline. QoS requirements/priorities of the packet should also factor into power sharing rules.
Conclusions
We have the following observations:

Observation 1: Higher processing complexity is the main issue for Rx-Rx coexistence.
Observation 2: NR V2X latency requirements can be fulfilled for some V2X use cases with long term time scale TDM.
Observation 3: There is no need for short term time scale TDM when both LTE and NR grants are semi-statically configured.
Observation 4: Short term time scale TDM with LTE SPS is not feasible to prioritize NR SL transmission in Tx-Tx case.
Observation 5: Short term time scale TDM with LTE SPS may be feasible to prioritize LTE SL transmission in Tx-Tx case depending on the inter-module signaling delay.
Observation 6: Short term time scale TDM with LTE SPS is feasible to prioritize the transmitting RAT over receiving RAT in Tx-Rx case. 
[bookmark: _GoBack]Observation 7: Short term time scale TDM with LTE SPS may be feasible to prioritize LTE SL reception over NR SL transmission in Tx-Rx case depending on the inter-module signaling delay. 
Observation 8: Short term time scale TDM with LTE SPS is not feasible to prioritize NR SL reception over LTE SL transmission in Tx-Rx.

We have the following proposals:

Proposal 1: The Rx-Rx in-device coexistence issue can be left to device implementation.
Proposal 2: Latency performance of long term time scale TDM should be evaluated with the available NR V2X use case requirements as performance benchmark.
Proposal 3: LTE and NR resource pools can be configured with sufficient guard band by network for FDM.
Proposal 4: Power sharing rules should be defined for sidelink with semi-static EN-DC power control as baseline. QoS requirements/priorities of the packet should also factor into power sharing rules.
References
[1] Chairman’s notes of 3GPP TSG RAN1-AH-1901, Taipei, Taiwan, January 2019.
[2] 3GPP TR22.886, V16.2.0, “Study on enhancement of 3GPP Support for 5G V2X Services”, December 2018.
image1.png
FDM

Rx

Tx

Rx

Rx

Tx

Tx

TDM

Rx

Tx
Rx
Tx




image2.png
one subframe (1ms)
——

m -

LTE resource pool ~ F2
(15 KHz SCS)

m -

NR resource pool  F2
(30 KHz SCS)

—
latency cost is not greater than 1 ms

(long term time scale TDM)




image3.png
Kire

LTE DCI-5A activation

LTE transmission
P 4 ——
LTE sidelink
X LTE subframe (1ms)
NR sidelink
T -
packet arrival NR transmission NR slot time

(@30KHz SCS)

LTE resource pool NR resource pool





image4.png
o n-j:mo'

insufficient I
guard band
NR pool

‘frequency

. new

interference New_ resource pool

configuration NR pool

- . >

time




