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Introduction
At RAN#94-E meeting, a new work item NR Sidelink evolution was approved in RP-213678[1]. At RAN#95-E meeting, the WID was updated in RP-220300 [2]. 
The following table lists the part of objectives related to RAN1. 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.
	
1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)
· The work is limited to FR1 licensed spectrum and ITS band in FR1.
· No specific enhancements of Rel-17 sidelink features with sidelink CA support.
· This feature is backwards compatible in the following regards
· [bookmark: _Hlk89619097]A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)
2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
3. [bookmark: _Hlk89917254]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (This part of the work is put on hold until further checking in RAN#97)
· [bookmark: _Hlk89917271]Update evaluation methodology for commercial deployment scenario
· [bookmark: _Hlk89917283]Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
4. 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.



This contribution discusses mechanisms for co-channel coexistence for LTE sidelink and NR sidelink, and proposes related solutions. Section 2 discusses the design principles of co-channel coexistence mechanism. Section 3 discusses the semi-static resource pool partition for LTE sidelink and NR sidelink. Section 4 discusses the dynamic resource pool sharing for LTE sidelink and NR sidelink. Section 5 summarizes the proposals with conclusions.
[bookmark: _Ref101028239]Requirements and design principles of co-channel coexistence mechanism
In Rel-16, sidelink communication was developed in RAN mainly to support advanced V2X applications. In Rel-17, SA2 studied and standardized Proximity based service including public safety and commercial related service. As part of Rel-17, power saving solutions (e.g., partial sensing, DRX) and inter-UE coordination had been developed in RAN1 and RAN2 to improve power consumption for battery limited terminals and reliability of sidelink transmissions.
One important aspect to consider is the V2X deployment scenario where both LTE V2X and NR V2X devices are to coexist in the same frequency channel. For the two different types of devices to coexist while using a common carrier frequency, it is important that there is a mechanism to efficiently utilize resource allocation by the two technologies without negatively impacting the operation of each technology. 
This requirement was also mentioned as part of the input from 5G Automotive Association (5GAA) to the Rel-18 RAN Workshop, and it was listed as the second highest priority among the 8 requirement proposals by 5GAA [3], as shown in the table below.
Table 1: 5GAA list of proposals according to priority ranking
	No.
	5GAA features and requirements proposals
	Priority ranking

	1
	Positioning enhancements
	1

	2
	LTE/NR-V2X sidelink co-channel coexistence
	2

	3
	Sidelink carrier aggregation (CA)
	3

	4
	Enhancements to sidelink power saving
	4

	5
	Predictive QoS
	5

	6
	UE-to-UE relay
	6

	7
	NR-V2X sidelink adjacent-channel coexistence with non-3GPP technologies
	7

	8
	Enhancements for vehicular distributed antenna system (DAS) UE transmission
	8



According to the requirements from 5GAA, the motivations for co-channel coexistence mechanism include [3]:
· Dedicated V2X spectrum is scarce in some regions and LTE/NR-V2X need to co-exist even in the same channel;
· Important across all basic and advanced use cases;
· Improves overall system performance, increases deployment flexibility, enables technology migration path from IEEE technology.

In order to meet the requirements from 5GAA and realize co-channel coexistence for LTE sidelink and NR sidelink, the design principles of the co-channel coexistence mechanism between LTE sidelink and NR sidelink should be discussed first. In our point of view, the basic design principle should be ensuring backward compatible of R14/R15 LTE sidelink and R16/R17 NR sidelink. It is also important to reuse the in-device coexistence framework defined in Rel-16 as much as possible. In addition, we prefer no changes of the hardware and specification of LTE sidelink and no or limited performance degradation of LTE sidelink.
Proposal 1: Design principles of co-channel coexistence mechanism for LTE sidelink and NR sidelink should be considered as follows:
· Ensuring backward compatible of R14/R15 LTE sidelink and R16/R17 NR sidelink 
· Reuse the in-device coexistence framework defined in Rel-16 as much as possible
· No changes of the hardware and specification of LTE sidelink
· No or limited performance degradation of LTE sidelink
[bookmark: _Ref36559568]Discussion on semi-static resource pool partition between LTE sidelink and NR sidelink

In this section, semi-static resource pool partition between LTE sidelink and NR sidelink is discussed, including TDM based semi-static resource pool partition and FDM based semi-static resource pool partition.
TDM based semi-static resource pool partition

[bookmark: _GoBack]TDM based semi-static resource pool partition can be implemented by two options as follows：
· Option-1: Two separate resource pools that do not overlap in time domain are (pre)-configured for LTE sidelink and NR sidelink, as shown in following Figure 1a.
· Option-2: One resource pool is divided into different non-overlapping time resources, which are used by LTE sidelink and NR sidelink separately, as shown in following Figure 1b. 
Both Option-1 and Option-2 can work well for the co-channel coexistence for LTE sidelink and NR sidelink. 


              
a) Option-1                                                                                       b) Option-2
Figure 1: TDM based resource pool partition

For TDM based semi-static resource pool partition, this scheme had been supported by current specifications, and seems no obvious specifications impacts. The merits of this TDM based semi-static resource pool partition include simple, less workload on the standardization and it has acceptable performance for both the LTE sidelink and NR sidelink. The potential drawback of this scheme focuses on that it cannot adapt to the potential dynamic change of the traffic load of LTE sidelink and NR sidelink, resulting in possible low spectrum utilization of the whole sidelink system. However, the traffic load of sidelink seems will not dynamically change, therefore, TDM based resource pool partition should be the baseline for co-channel coexistence mechanism between LTE sidelink and NR sidelink.

Proposal 1: TDM based resource pool partition should be the baseline for co-channel coexistence mechanism between LTE sidelink and NR sidelink. 

FDM based semi-static resource pool partition

[bookmark: OLE_LINK2]For FDM based semi-static resource pool partition, two separate resource pools that do not overlap in frequency domain are (pre)-configured for LTE sidelink and NR sidelink if their sub-carrier spacing is same, as shown in following Figure 2. 


Figure 2: FDM based resource pool partition

If the sub-carrier spacing of LTE sidelink is different from that of NR sidelink, i.e. 15kHz and 30kHz, respectively, as shown in following Figure 3, the main issue of this scheme is discussed in Rel-15 shorten TTI and listed as follows：
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]There could be two different NR sidelink transmissions in the duration of a LTE sidelink reception, and the impact of IBE from the first NR sidelink transmissions on the first seven symbols of LTE sidelink reception could be different from the impact of IBE from the last NR sidelink transmissions on the last seven symbols of LTE sidelink reception, that may result in the AGC training in first symbol of LTE sidelink reception is not adaptive to the last seven symbols of LTE sidelink reception.



Figure 3: FDM based resource pool partition(sub-carrier spacing is different)

[bookmark: OLE_LINK1]In our point of view, since LTE sidelink only supports 15KHz sub-carrier spacing, only if the sub-carrier spacing is same between LTE sidelink and NR sidelink, i.e. 15KHz, the resource pool can be separated by FDM manner, otherwise, the TDM based resource pool partition should be adopted.

Proposal 2: FDM based resource pool partition can be adopted for co-channel coexistence mechanism between LTE sidelink and NR sidelink, if the sub-carrier spacing is same between LTE sidelink and NR sidelink, i.e. 15KHz. 

[bookmark: _Ref101024685][bookmark: OLE_LINK3]Discussion on dynamic resource pool sharing between LTE sidelink and NR sidelink

In this section, we discuss whether dynamic resource pool sharing between LTE sidelink and NR sidelink can be used. In our understanding, R14/R15 LTE sidelink UE cannot detect the NR sidelink UE and R18 NR sidelink UE can detect the LTE sidelink UE, which leads to potential conflict between LTE sidelink and NR sidelink. For example, if LTE sidelink UE selects transmission resources between the time of initial transmission and retransmission of NR sidelink UE, LTE sidelink UE may select the retransmission resource of NR sidelink due to it cannot detect the initial transmission of NR sidelink UE, as shown in following Figure 4.


Figure 4: dynamic resource pool sharing
Another issue is that NR sidelink supports PSFCH transmission feature which LTE sidelink does not support, there is a problem that how to enable PSFCH in dynamic resource pools.
In our point of view, therefore, dynamic resource sharing is not supported for co-channel coexistence between LTE sidelink and NR sidelink.

Proposal 3: There is no need to specify the dynamic resource sharing between LTE sidelink and NR sidelink in Rel-18. 

[bookmark: _Ref36559580]Conclusion
In this contribution, issues and enhancements of co-channel coexistence for LTE sidelink and NR sidelink are discussed. Our proposals are given as follows:
Proposal 1: TDM based resource pool partition should be the baseline for co-channel coexistence mechanism between LTE sidelink and NR sidelink. 
Proposal 2: FDM based resource pool partition can be adopted for co-channel coexistence mechanism between LTE sidelink and NR sidelink, if the sub-carrier spacing is same between LTE sidelink and NR sidelink, i.e. 15KHz. 
Proposal 3: There is no need to specify the dynamic resource sharing between LTE sidelink and NR sidelink in Rel-18. 
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