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Introduction

In RAN#94e meeting, a new WID had been approved. And in RAN#97e meeting, this WID had been revised as the following: [1]
	Objective of SI or Core part WI or Testing part WI

......
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
Note, RAN1 continues the work on dynamic resource pool sharing based on existing agreements and WID with high priority for Type A devices and operating combination A
......


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

	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 RAN1#110 meeting, the following agreements were made: [3]

	Agreement
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:

NR SL resource pool is configured with 15 kHz SCS.

FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools

For NR PSFCH (if configured), at least the following alternatives are studied:

Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.

FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.

Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.

FFS: periodicities of the set.




In this contribution, we focus on the co-channel coexistence for LTE sidelink and NR sidelink, including the solution of dynamic resource partitioning.

Discussion
Dynamic resource pool partitioning - SCS and PSFCH
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 RAN1#109e meeting, two types of semi-static co-channel coexistence were proposed and discussed, as well as dynamic co-channel coexistence.

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 dynamic 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. 
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Figure 1. the AGC issue when the SCS of NR SL resource pool and the SCS of LTE SL resource pool are different 
However, supporting only 15 kHz SCS in co-channel coexistence scenario is too restrictive. This is because 30 kHz SCS is mandatory in the Rel-16 NR V2X UE, and if the Rel-18 NR V2X UE only supports 15 kHz SCS, it will be difficult for the Rel-18 NR V2X UE to coexist with the legacy Rel-16/Rel-17 NR V2X UE within the same sidelink BWP. 
Proposal 1: For co-channel coexistence in Rel-18, NR sidelink resource pool can be configured with 30 kHz SCS.

To address the AGC issue caused by the different SCSs between the NR sidelink resource pool and the LTE sidelink resource pool, a new approach needs to be introduced. For example, an SCI schedules two PSSCH channels, which are located in two consecutive NR V2X slots. The frequency locations and TBSs of the two PSSCH channels are kept the same. This approach is very similar to the potential approach of scheduling multiple PSSCHs by a single PSCCH discussed in SL-U and can reuse the design over there.
Proposal 2: An approaches of scheduling multiple PSSCHs by a single PSCCH can be investigated to address the AGC issue.
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.

[image: image2.png]Power

— — -Received powerat LFESIRx UE— [— —

AGC range at LTE SL Rx UE

A

LTE SL transmission in LTE SL subframe

NR SL transmisson 1

PSF
cH





Figure 2. the AGC issue when PSFCH is present
Two alternatives of PSFCH constraints were proposed and agreed at the last meeting, and these two alternatives need to be down-selected. Regarding Alt 1, the NR sidelink UE can use the LTE sensing and resource reservation information to predict whether the PSFCH slots overlap with the LTE transmission. If it overlaps, the NR sidelink UE aborts the PSFCH transmission, otherwise the NR sidelink UE transmits the PSFCH. Regarding Alt 2, the periodically repeating PSFCH resources can be configured separately from the LTE sidelink resource pool in a TDM manner, then LTE sidelink UE will not use these slots carrying PSFCH. However, with TDM resource partitioning, the available resources in the LTE sidelink resource pool will be reduced, which makes the spectrum utilization of the LTE sidelink resource pool lower.
Proposal 3: If PSFCH is configured in NR sidelink resource pool, the PSFCH transmission in time slots that overlap with subframes used for LTE transmissions should be avoided. 
Dynamic resource pool partitioning - Use of LTE sensing
In RAN1#110 meeting, the following proposal had been proposed and discussed [4].
	Proposal 2-4a (II):
For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the NR SL module in type A devices supports the use of uses the LTE SL sensing and resource reservation information to exclude resources reserved by LTE SL UEs from the set of available resources in its own resource selection procedures.
FFS details of resource exclusion by NR SL module.
Proposal 2-4b (II):
For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:

LTE sensing results may include
Time and frequency locations of reserved LTE transmissions

Resource reservation periods

SL RSRP and/or SL RSSI measurement results

Priority

Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE.

FFS other parameters including (but not limited to):

Resource reservation periods

SL RSRP and/or SL RSSI measurement results

FFS details.


As a feasible solution for co-channel coexistence, in terms of dynamic resource sharing, the NR sidelink module uses the sensing and resource reservation information from the LTE sidelink module to exclude resources used by the LTE sidelink UEs from the set of available resources in its own resource selection procedure. A list of parameters that should be shared by the LTE sidelink module has been identified during the last meeting, including the time and frequency locations of LTE transmission, resource reservation periods, SL RSRP and/or SL RSSI measurement results, priority and subframes that are not monitored by the LTE sidelink UE due to half-duplex constraints. Among them, the parameters “the time and frequency locations of LTE transmission, resource reservation periods” are used by the LTE sidelink module to determine the resources reserved for other LTE sidelink UEs. Other parameters such as "SL RSRP and/or SL RSSI measurements, priority" are used by the LTE sidelink module to exclude resources reserved by other LTE sidelink UEs from the available resources. The last parameter "Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE" can be used to indicate the resources that are not sensed by the LTE sidelink module. In summary, the above parameters are useful for dynamic resource pool sharing. Regarding how and when to share these sensing and resource reservation information, that can be left for implementation. 
Proposal 4: For co-channel coexistence in Rel-18, for dynamic resource pool sharing, the NR SL module in type A devices use the LTE SL sensing and resource reservation information to exclude resources from the set of available resources in its own resource selection procedures.

Proposal 5: For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:

LTE sensing results include

Time and frequency locations of LTE transmissions

Resource reservation periods

SL RSRP and/or SL RSSI measurement results

Priority

Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE.
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 co-channel coexistence in Rel-18, NR sidelink resource pool can be configured with 30 kHz SCS.

Proposal 2: An approaches of scheduling multiple PSSCHs by a single PSCCH can be investigated to address the AGC issue.
Proposal 3: If PSFCH is configured in NR sidelink resource pool, the PSFCH transmission in time slots that overlap with subframes used for LTE transmissions should be avoided. 
Proposal 4: For co-channel coexistence in Rel-18, for dynamic resource pool sharing, the NR SL module in type A devices use the LTE SL sensing and resource reservation information to exclude resources from the set of available resources in its own resource selection procedures.

Proposal 5: For co-channel coexistence in Rel-18, for the study of dynamic resource pool sharing, the information shared by the LTE SL module to the NR SL module contains at least the following parameters:

LTE sensing results may include

Time and frequency locations of LTE transmissions

Resource reservation periods

SL RSRP and/or SL RSSI measurement results

Priority

Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE.
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