[bookmark: _Hlk512609091][bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #95	R1-1812830
Spokane, USA, 12 – 16 November 2018

Agenda item:	7.2.4.5
Title:	Discussion on coexistence in NR-V2X
Source:	OPPO
Document for:	Discussion and Decision


1. Introduction
The coexistence of LTE-V2X and NR-V2X operations within the same UE (intra-UE) was discussed in RAN1#94bis. In [1], it was agreed to study the following operation scenarios and potential solution details.

	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.

Agreements:
· For TDM solutions, LTE and NR V2X sidelinks are assumed to be synchronized 
· FFS accuracy of time alignment/synchronization
· FFS alignment whether slot level and/or DFN based alignment is needed

Agreements:
· For TDM solutions, the following aspects are studied in RAN1: 
· Long term time-scale coordination
· Potential transmissions in time of LTE and NR V2X are statically/quasi-statically determined
· UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS
· Short time-scale coordination
· Transmissions in time of LTE and NR V2X are known to each RAT (details FFS)
· UE behaviour when LTE and NR V2X sidelink transmissions overlap in time is FFS
· FFS coordination details
· FFS UE assistance for coordination



In this contribution, we first discuss about the pros and cons of potentially using TDM or FDM type solutions for multiplexing LTE-V2X and NR-V2X sidelink transmissions, and identify some of possible TDM mechanisms and FDM power sharing schemes assuming different levels of coordination of LTE-V2X and NR-V2X operations within a same UE.

2. Discussion
For the potential solutions for intra-UE coexistence in terms of TDM or FDM coordination between LTE-V2X and NR-V2X sidelink transmissions, some analysis is provided below. Note that, this analysis does not assume any particular TDM and FDM solution in mind. It is purely based on fundamental comparison between them.
TDM between LTE- and NR-V2X transmissions (no simultaneous Tx)
· Pros:
· No adjacent channel leakage issue due to low Tx-Rx antenna isolation
· No power limitation issue due to Tx separation in time
· No or less issue of Tx/Rx chain limitation
· Cons:
· Potential risk of not meeting latency requirement for aperiodic messages – due to restricted Tx timing opportunity
· Tight coordination/information exchange may be needed between LTE sidelink and NR sidelink transmissions for short time-scale coordination –inter-RAT communication delay (within same BS or UE) should also be considered
· Synchronous carriers between LTE V2X and NR V2X operations – same synchronization source would likely be required
· Difference in LTE-subframe and NR-slot length due to different SCS
· Time gap needed for carrier switching (intra-band / inter-band / FR1/FR2 switching) – RAN4 issue

FDM between LTE- and NR-V2X transmissions (simultaneous Tx in separate channel)
· Pros:
· Independent scheduling / resource selection without inter-RAT consideration or coordination (no half-duplexing limitation), for non-adjacent channel case
· Asynchronous operation between LTE-V2X and NR-V2X – possible to use different synchronization sources
· Cons:
· Half-duplex limitation for the case of adjacent channel
· Power sharing and power limitation issue in simultaneous Tx
· Tx/Rx chain sharing between carriers

From the above pros and cons analysis, it is clear neither solution approach is perfect. It is observed that in the TDM coordination approach, most of the cons or disadvantages are resolvable or can be accounted for. For example, employing a larger subcarrier spacing would allow more Tx opportunities within a latency timeframe, allowing additional small time for close inter-RAT coordination and carrier switching, and design a unified synchronization procedure between LTE-V2X and NR-V2X. On the other hand, the cons or disadvantages of the FDM coordination approach are related to physical / fundamental limitations that can’t be resolved without sacrificing performance degradation in either transmission range, data rate, or PRR. Having pointed these out, However, if multi-carrier operation with simultaneous transmission is unavoidable or necessary to be supported (e.g. due to carrier aggregation, HARQ re-Tx within latency timeframe), the limitation of Tx power and Tx/Rx chains would at least need to be taken into consideration.

Observation 1: Based on our pros/cons analysis, it seems most of the cons / disadvantages associated with TDM solution approach are resolvable, while the FDM solution approach would suffer from some physical / fundamental limitations.

Observation 2: In either TDM or FDM solution approach, the limitation of total Tx power and number of Tx/Rx chains could still need to be considered for the case of intra-RAT sidelink.


2.1 TDM mechanism
For any of TDM solutions, with or without coordination between LTE and NR-V2X operations, the alignment between LTE subframes and NR slots (slot-level alignment) is at least needed to avoid resource wastage from partial-slot overlap. However, if the TDM mechanism is just to prevent overlapping or simultaneous LTE and NR V2X sidelink transmissions, DFN-level alignment may not be entirely necessary as it is more relevant for the purpose of carrier synchronization.
Observation 3: Slot-level alignment should be at least needed for TDM transmission of LTE subframes and NR slots.
Resource pool partitioning / network scheduling (no inter-RAT coordination)
The simplest TDM mechanism is resource pool partitioning between LTE-V2X and NR-V2X operations by network configuring or pre-configuring orthogonal Tx pools to ensure their transmissions are never overlapped. This can be seen as a long term time scale coordination. Alternatively, the network BS performs resource selection and scheduling to the UE for both LTE (mode 3) and NR V2X (mode 1) transmissions. This can be seen as a short term time scale coordination.
For either cases, TDM between LTE and NR V2X transmissions can be supported without any need of inter-RAT coordination within a UE and specification impact.

Observation 4: For TDM between LTE and NR V2X transmissions, the simplest solutions are resource pool partitioning and network scheduling without any need of any intra-RAT coordination within a UE.

2.1 FDM power sharing schemes
Fixed split ratio power allocation (no inter-RAT coordination)
The simplest mechanism of power sharing is to defined or (pre-)configured a fixed split ratio of power (e.g. 50/50, 60/40, 70/30 and etc) between LTE and NR V2X transmissions. For V2X transmissions in each RAT, the UE is strictly limited to allocate Tx power that does not exceed the pre-defined or (pre-)configured amount of ratio. For example, 60% of Pcmax for LTE-V2X and 40% of Pcmax for NR-V2X. In this solution, it does not require any inter-RAT coordination or information exchange within a UE.
Reserved power allocation (with / without coordination needed)
A different mechanism of sharing UE’s total available power or the maximum configured output power is to (pre-)configure a minimum Tx power that is reserved for either LTE or NR V2X. This reserved amount of power is to guarantee V2X transmissions in either LTE or NR will be available at all time. In other words, the other RAT will get up to maximum of the remaining power. For example, if 60% of Pcmax is reserved for LTE V2X transmissions, this means the UE can allocate up to only 40% of Pcmax for NR V2X transmissions. As such, this ensures a certain Tx reliability can be achieved within a target communication range.
If inter-RAT coordination is possible (e.g. Tx timing and power usage information are exchanged between RATs within a UE), dynamic boosting of allocating additional power to a high priority RAT or high priority packets can be performed if there is no overlapping transmissions or unused remaining power on the other RAT.
Priority-based power allocation (within NR-V2X)
Lastly, within NR-V2X transmissions, different Tx power levels can be further allocated according to message priority. This can be used to ensure high priority messages are protected and be given sufficient amount of Tx power. For example, 50% of power for priority level 6, 60% for level 5, 70% for level 4, 80% for level 3 and etc. Furthermore, by defining this minimum amount of Tx power per priority level, this can be used as part of resource selection criteria.

Observation 5: Fixed power split based and reserved power based schemes are two possible power allocation methods that can be considered for FDM between LTE and NR V2X transmissions without needing any inter-RAT coordination within a UE.

Observation 6: If inter-RAT coordination of Tx power usage within a UE can be achieved, reserved power based and priority based schemes can be considered to further enhance utilisation of UE total available power.

3. Conclusion
In this contribution, we discussed about the pros and cons of potentially using TDM or FDM type solutions for multiplexing LTE-V2X and NR-V2X transmissions. In summary, we have the following observations and conclusion:

Observation 1: Based on our pros/cons analysis, it seems most of the cons / disadvantages associated with TDM solution approach are resolvable, while the FDM solution approach would suffer from some physical / fundamental limitations.

Observation 2: In either TDM or FDM solution approach, the limitation of total Tx power and number of Tx/Rx chains could still need to be considered for the case of intra-RAT sidelink.

Observation 3: Slot-level alignment should be at least needed for TDM transmission of LTE subframes and NR slots.

Observation 4: For TDM between LTE and NR V2X transmissions, the simplest solutions are resource pool partitioning and network scheduling without any need of any intra-RAT coordination within a UE.

Observation 5: Fixed power split based and reserved power based schemes are two possible power allocation methods that can be considered for FDM between LTE and NR V2X transmissions without needing any inter-RAT coordination within a UE.

Observation 6: If inter-RAT coordination of Tx power usage within a UE can be achieved, reserved power based and priority based schemes can be considered to further enhance utilisation of UE total available power.


4. References
[1] RAN1#94 Chairman’s notes (final version)
[2] RP-182111, “Revised SID: Study on NR V2X”, LGE, RAN#81, September 2018
Page 2

