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Introduction

In RAN#94e meeting, a new WID had been approved. And in RAN#95e meeting, this WID had been revised as the following: [1]
	Objective of SI or Core part WI or Testing part WI

To check in RAN#97 for objectives 1 and 3, taking into account the progress on objectives 2 and 4, aiming to have specification work for both objective 1 and 3.

......

Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
Reuse the in-device coexistence framework defined in Rel-16 as much as possible
......


In RAN1#109e meeting, the following agreements were made: [2]

	Agreement
For co-channel coexistence in Rel-18, no changes in the LTE SL specifications are allowed.

Agreement
For co-channel coexistence in Rel-18, Rel-16/17 simulation assumptions are reused for evaluation of solutions, except for the UE dropping model.

FFS: UE dropping model

Agreement
For the study of co-channel coexistence solutions in Rel-18, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority.

FFS: Whether/how to support Mode 1 NR SL + Mode 4 LTE SL (Combination B) and/or Mode 2 NR SL + Mode 3 LTE SL (Combination C).

Agreement
For evaluation of co-channel coexistence solutions in Rel-18, support the inclusion of dual module devices with NR+LTE modules using the following UE dropping models: 

UE Dropping Model A: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is modified by doubling the time in the upper limit, resulting in max{2 meter, an exponential random variable with the average of the speed * 4sec}.

UE Dropping Model B: The distance between 1 LTE SL module and 1 NR SL module are maintained as zero to model a co-located dual module device. The inter-device distance between any two adjacent devices in the same lane, which may be either a single module or a dual module device, is maintained the same as current assumptions, i.e., max{2 meter, an exponential random variable with the average of the speed * 2sec}.

Companies should mention the UE dropping model and the distribution of each device type (single/dual module) used in their simulation assumptions.

Agreement
Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.

Agreement
For studying the feasibility of dynamic resource sharing as a possible solution for co-channel coexistence, 

For device type A, the NR SL module uses the sensing and resource reservation information shared by the LTE SL module.

FFS details on how the NR SL module uses this information.

FFS details on how the LTE SL module shares the information to the NR SL module, exact information shared, timeline etc.

FFS: Whether/how to define other method(s) for device type A to be aware of resources being occupied by LTE SL.

FFS: Whether/how device type B should be supported.


In this contribution, we focus on the co-channel coexistence for LTE sidelink and NR sidelink, including the type of device, the combination of operations modes and the solution of resource partitioning.

Discussion
The device type 
Considering the limited number of allocated TUs, it is necessary to limit the scope of the study for the coexistence of LTE S and NR sidelink within the same frequency channel. One aspect to be considered is the device type, which includes, devices containing both LTE sidelink and NR sidelink modules, as well as devices containing only NR sidelink modules and devices containing only LTE sidelink modules. 

In RAN1#109e meeting, the following proposal [3] had been proposed and discussed.
	Proposal 1-1 (IV)
For the study of co-channel coexistence solutions in Rel-18, at least device type A is considered.

FFS: Whether type B devices are considered.

For the study of co-channel coexistence solutions in Rel-18, the supported considered device type(s) coexist with type C devices in the same channel, type D and type E devices.

Note:

Type A devices are Rel-18 devices that contain both LTE SL and NR SL modules

Type B devices are Rel-18 devices that contain only NR SL modules

Type C devices are Rel-14/Rel-15 devices that contain only LTE SL modules 

Type D devices are Rel-16/17 devices that contain only NR SL modules

Type E devices are Rel-16 devices that contain both LTE SL and NR SL modules based on in-device coexistence framework


According to the WID [1], the Rel-16 in-device coexistence framework should be reused as much as possible for device type A. Also, support for device type A is intended to support dynamic resource sharing as a solution for co-channel coexistence. This is because Type A devices contain LTE sidelink modules that can share sensing and resource selection information to the NR sidelink module.
Regarding device type B, it can be further studied as to whether Rel-18 sidelink UEs are capable of decoding LTE SCIs in order to support dynamic resource sharing. However, if device type B is able to decode LTE SCIs, then it needs to have two different decoding modules because of the different coding schemes for LTE and NR. This will increase the complexity and cost of device type B, which is undesirable.
Regarding device type C, it has been already heavily deployed in different parts of the world. Any future deployment will need to coexist with it on the same frequency channel. Therefore, device type C need to be studied within co-channel coexistence scenario.
Proposal 1: For the study of co-channel coexistence solutions in Rel-18, at least device type A and device type C should be considered.
The combination of operational modes 
Another aspect that must be considered is the combination of operational modes under co-channel coexistence. There are total of four combinations of operational modes, as LTE sidelink and NR sidelink each have two operational modes. It is understood that the combination of Mode 1 NR SL with Mode 3 LTE SL can be handled by the network, so this combination does not need to be discussed. The combination of Mode 2 NR SL and Mode 4 LTE SL (Combination A) is the most critical combination that needs to be addressed urgently and has been given high priority in the last meeting [2].
Regarding Combination B, Mode 1 NR sidelink UEs could use the assistance of gNB for scheduling assistance and collision avoidance. Therefore, it is not a critical combination to be included in the study of co-channel coexistence solutions, and can be de-prioritized.
Since no changes to the LTE sidelink specifications are expected, Combination A and Combination C are essentially the same. This is because the changes required to support both combinations will be limited to NR SL modules. To reduce the workload of the standardization and the complexity of implementation, a common solution for combination A and combination C is favorable for co-channel coexistence scenario.
Proposal 2: Combination C should be considered for co-channel coexistence scenarios.
Proposal 3: A common solution for combination A and combination C is favorable for co-channel coexistence scenario.
Semi-static resource pool partitioning

To solve the problem of co-channel coexistence between LTE sidelink and NR sidelink, the solutions considered are semi-static and dynamic co-channel coexistence. At the last meeting, two types of semi-static co-channel coexistence were proposed and discussed, as well as dynamic co-channel coexistence.

In the current specification, semi-static solutions using separate resource pools for LTE sidelink and NR sidelink in a TDM or FDM manner are possible. However, there are problems in each of these solutions that cannot be solved by current specification. Clearly, for semi-static resource pool partitioning to work as a solution for co-channel coexistence, it is critical for deployed LTE sidelink UEs to update and reconfigure their resource pool configurations. However, while it is theoretically possible to update, it is very difficult to update an already pre-configured LTE resource pools.

Proposal 4: The solution of Semi-static resource pool partitioning should be considered as a low priority.
The LTE sidelink resource pool has an SCS of 15 kHz, while the NR sidelink resource pool can have an SCS of 15/30 kHz. Therefore, in some scenarios, the SCS of  the NR sidelink resource pool is different from the SCS of the LTE sidelink resource pool, for example, the SCS of the NR sidelink resource pool is 30 kHz, while the SCS of the LTE sidelink resource pool is 15 kHz. In this case, for a semi-static solution in FDM manner, one LTE sidelink subframe will completely overlap with two NR sidelink slots on the same channel. If the transmitting power of NR sidelink transmissions is different in two consecutive sidelink slots, then the received power  in the completely overlapping LTE subframe will change. Such a variation in received power can lead to inaccurate AGC estimation for the LTE sidelink receiving UE, which affects the reception of LTE sidelink transmissions by the LTE sidelink receiving UE. To overcome the AGC issues, a straightforward solution is that the sidelink BWP configured with sidelink resource pools have to be limited to a SCS of 15kHz.

[image: image1.png]Power

Received power at LTE SL Rx UE

AGC range at LTE SL Rx UE

LTE SL transmission in LTE SL subframe 1

NR SL transmisson 1 in
NR SLslot 1

NR SL transmisson 2 in
NR SLslot 2





Figure 1. the AGC issue when the SCS of NR SL resource pool and the SCS of LTE SL resource pool are different 
Proposal 5: For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, the sidelink BWP configured with resource pools for NR sidelink is limited to a SCS of 15 kHz, which is the same SCS as LTE sidelink.

In NR sidelink, the PSFCH is located in the sidelink slot along with the PSCCH/PSSCH. The transmitting power of PSFCH is different from that of PSCCH/PSSCH, which means that the transmitting power changes in one NR sidelink slot. Similarly, variation in transmitting power will result in variation in received power of the LTE sidelink receiving UE, which can lead to inaccurate AGC estimation for the LTE sidelink receiving UE, and further affect the reception of LTE sidelink transmissions by the LTE sidelink receiving UE. Not configuring PSFCH in the NR sidelink resource pool is a straightforward solution to the AGC issues. However, PSFCH is an important feature of NR sidelink to improve efficiency and reliability, and the performance improvement of NR sidelink with HARQ-ACK disabled is not significant compared to LTE sidelink.
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Figure 2. the AGC issue when PSFCH is present
Proposal 6: For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, it should be investigated whether PSFCH can be configured in NR sidelink resource pool.
Conclusion

In this contribution, we have discussed the co-channel coexistence for LTE sidelink and NR sidelink, including the type of device, the combination of operations modes and the solution of resource partitioning. Based on the discussion in section 2, we provide the following proposals:
Proposal 1: For the study of co-channel coexistence solutions in Rel-18, at least device type A and device type C should be considered.

Proposal 2: Combination C should be considered for co-channel coexistence scenarios.
Proposal 3: A common solution for combination A and combination C is favorable for co-channel coexistence scenario.
Proposal 4: The solution of Semi-static resource pool partitioning should be considered as a low priority.
Proposal 5: For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, the sidelink BWP configured with resource pools for NR sidelink is limited to a SCS of 15 kHz, which is the same SCS as LTE sidelink.

Proposal 6: For studying the feasibility of FDM-based semi-static resource pool partitioning as a possible solution for co-channel coexistence, it should be investigated whether PSFCH can be configured in NR sidelink resource pool.
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