3GPP TSG RAN WG1 #110	                                                R1-2206402
Toulouse, France, August 22nd – 26th, 2022

Source:	CATT, GOHIGH
Title:	Discussion on co-channel coexistence for LTE sidelink and NR sidelink
Agenda Item:	9.4.2
Document for:	Discussion and Decision

Introduction
At RAN#94-E meeting, a new work item NR Sidelink evolution was approved in RP-213678 [1]. At RAN#96 meeting, the WID was updated in RP-221798 [2]. At RAN1#109-e meeting, a lot of agreements were achieved related to co-channel coexistence for LTE sidelink and NR sidelink as follows [3].
	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.




[bookmark: OLE_LINK22]In this contribution, we continue discusses remaining open issues for co-channel coexistence for LTE sidelink and NR sidelink after RAN1#109-e meeting, and proposes related solutions. Section 2 discusses the design principles of co-channel coexistence mechanism. Section 3 discusses the types of devices which should be support for co-channel coexistence. Section 4 discusses the combinations of operational modes which should be considered for co-channel coexistence. Section 5 discusses the semi-static resource pool partition for LTE sidelink and NR sidelink and Section 6 discusses the dynamic resource pool sharing for LTE sidelink and NR sidelink. Section 7 summarizes the proposals and observations 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 [4], as shown in the Table 1 below.
[bookmark: _Ref111122095]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 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 or limited performance degradation of LTE sidelink
[bookmark: _Ref36559568]Types of devices
The following proposal was discussed in RAN1#109-e related to types of devices, but failed to reach a consensus [3]:
	Proposal 1-1 (V)
· For the study of co-channel coexistence solutions in Rel-18, at least device type A and type B are 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: The considered device type(s) are backward compatible with Rel-16/17 devices and coexist when they operate over the same resource pool.
· Note:
· [bookmark: OLE_LINK9]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



Regarding the proposal, there is still a concern as it does not address the essential requirement of the Rel-18 sidelink WID, i.e., Rel-18 sidelink should be able to coexist with Rel-16/17 sidelink in the same channel. All of new schemes need to be evaluated with type D/E devices to make sure they will not negatively impact those devices. To put it in another way, the coexistence solutions being developed is for Type A and Type B devices, but Type D/E devices cannot be ignored during the investigation of the solutions.  
In our point of view, Type A and Type B devices should be considered for the study of co-channel coexistence solutions in Rel-18. In addition, we also support the considered device types (Type A and Type B) coexist with Type C, Type D and Type E devices in the same channel.

Proposal 2: Feasibility of the co-channel coexistence solutions need to be evaluated with Type D/E devices.
Combinations of operational modes

At RAN1#109-e, the following combinations of operational modes to be considered for the study of co-channel coexistence in Rel-18 were discussed:
· Combination A: Mode 2 NR SL + Mode 4 LTE SL
· Combination B: Mode 1 NR SL + Mode 4 LTE SL
· Combination C: Mode 2 NR SL + Mode 3 LTE SL

The following agreement was achieved in RAN1#109-e related to combinations of operational modes [3]:
	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).



In the above agreement, the combination of operational modes Mode 2 NR SL with Mode 4 LTE SL (Combination A) is considered with high priority. We admit that the agreed Combination A is the most challenging scenario for co-channel coexistence of NR SL and LTE SL in Rel-18. However, Combination C is similar with Combination A, since both of them will focus on the enhancements of NR sidelink and LTE sidelink specification shall not be impacted, so Combination C should be considered. In addition, Combination B is also one possible deployment scenario for NR SL and LTE SL and it should also be considered. Therefore, for the study of co-channel coexistence solutions in Rel-18, the combinations of operational modes Mode 1 NR SL + Mode 4 LTE SL (Combination B) and Mode 2 NR SL + Mode 3 LTE SL (Combination C) should be considered.
Proposal 3: For the study of co-channel coexistence solutions in Rel-18, the combinations of operational modes Mode 1 NR SL + Mode 4 LTE SL (Combination B) and Mode 2 NR SL + Mode 3 LTE SL (Combination C) should also be considered.

Semi-static resource pool partition between LTE sidelink and NR sidelink
The following agreement was achieved in RAN1#109-e related to semi-static resource pool partition between LTE sidelink and NR sidelink [3]:
	Agreement
· Feasibility of semi-static resource pool partitioning and dynamic resource sharing as possible solutions for co-channel coexistence are to be studied.



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

TDM based semi-static resource pool partition can be implemented as follows：
· Two separate resource pools that do not overlap in time domain are (pre)-configured for LTE sidelink and NR sidelink, as shown in the following Figure 1.
TDM based semi-static resource pool partition can work well for the co-channel coexistence for LTE sidelink and NR sidelink. 

              
[bookmark: _Ref110871687]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 4: 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. 


[bookmark: _Ref110871712]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)

Even if the carrier spacing of LTE SL and NR SL is the same, there is also AGC issue because NR sidelink supports PSFCH transmission feature which LTE sidelink does not support, as shown in following Figure 4.


[bookmark: _Ref110871758]Figure 4: different frame structures
[bookmark: OLE_LINK1]
[bookmark: OLE_LINK23]In our point of view, HARQ based retransmissions cannot be supported for NR SL if we take the FDM based semi-static resource pool partition solution, so this solution is not adopted.

Proposal 5: FDM based semi-static resource pool partition solution is not adopted for co-channel coexistence mechanism between LTE sidelink and NR sidelink in Rel-18.
[bookmark: OLE_LINK3]Dynamic resource pool sharing between LTE sidelink and NR sidelink
The following agreement was achieved in RAN1#109-e related to dynamic resource pool sharing between LTE sidelink and NR sidelink [3]:
	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.
· [bookmark: OLE_LINK4]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.



[bookmark: OLE_LINK19][bookmark: OLE_LINK18][bookmark: OLE_LINK20][bookmark: OLE_LINK21]In the above agreement, the feasibility of a possible dynamic resource sharing solution with no changes in the LTE SL specifications should be studied. For device type A, the NR SL module can use the sensing and resource reservation information shared by the LTE SL module to exclude the resources occupied by LTE SL. This information should include, but not be limited to, the following items of the LTE SL transmission that the LTE SL module sensed and the LTE SL transmission of the LTE SL module itself: the priority, the transmission time, the number of sub-channels, the initial sub-channel, the resource reservation interval, the RSRP measurement value, etc. The LTE SL module should share the information to the NR SL module before resource (re-)selection for NR SL procedure to make sure the information is useful. For device type B, we think these type B devices should be supported in TDM-based semi-static resource pool partition, not in dynamic resource pool sharing, because type B devices cannot decode LTE SL SCI.
In our understanding, R14/R15 LTE sidelink UE (Type C devices) cannot detect the NR sidelink UE and R18 NR sidelink UE (Type A devices) 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 the fact that it cannot detect the initial transmission of NR sidelink UE, as shown in following Figure 5.


[bookmark: _Ref110871776]Figure 5: potential conflict in 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.
There is a possible dynamic resource sharing solution for co-channel coexistence between NR SL and LTE SL. An example of the resource pool configuration for NR SL transmissions and LTE SL transmissions is shown in Figure 6. 10 slots marked in yellow in Figure 6 in every 20-slots period are in the available dedicated resource set for NR SL transmissions, and another 10 slots marked in green are in the available resource set shared by NR transmissions and LTE SL transmissions.


[bookmark: _Ref110930855]Figure 6: resource pool configuration for dynamic resource sharing solution

The SCS could be 15kHz, 30kHz, 60kHz or 120kHz in dedicated resource set for NR SL transmissions and limited 15kHz for NR SL transmissions in shared resource set. PSFCH transmission is only supported in dedicated resource set for NR SL transmissions. The transmission type can only be broadcast in shared resource set, and the sub-channel size of NR SL and LTE SL should be same.
[bookmark: OLE_LINK5]The dedicated resource set is preferred for NR SL transmissions, and R18 NR sidelink UE transmits NR SL transmissions in shared resource set when dedicated resource set is congested based on current sensing results, or R18 NR sidelink UE selects transmission resource in shared resource set at a certain probability before a NR SL transmission.
[bookmark: OLE_LINK12][bookmark: OLE_LINK11]When both NR SL transmission and LTE SL transmission happen in shared resource set, R18 NR sidelink UE can detect the LTE sidelink to exclude resources occupied by LTE SL during resource selection for NR SL transmission. For type A device, the NR SL module can use the sensing and resource reservation information shared by the LTE SL module. In order to reduce potential resource collisions caused by LTE sidelink UE not detecting the NR sidelink, the resource reservation period in logic slot of NR SL transmission should match RSSI measurement period of LTE SL, so that the resources occupied by NR SL have a high RSSI when sensed by the LTE SL and will be assigned a lower rank by the LTE SL.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK13]We provide system level simulation evaluation results for TDM-based semi-static resource pool partition solution in section 5.1 and dynamic resource pool sharing solution in this section. The highway scenario is considered. In this setup, type A devices and type C devices are both 50%, and the detailed simulation assumptions are provided in the Appendix. The resource pool configuration for NR SL transmissions and LTE SL transmissions is like shown in Figure 6. In TDM-based semi-static resource pool partition solution, the dedicated resource set is only used for NR SL transmissions and the shared resource set is only used for LTE SL transmissions. In dynamic resource pool sharing solution, the dedicated resource set is only used for NR SL transmissions, but the shared resource set is shared by NR SL transmissions and LTE SL transmissions, half of Type A devices can select resources in the shared resource set at 50% probability for NR SL transmissions. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]The system level performance comparison between TDM-based semi-static resource pool partition solution and dynamic resource pool sharing solution are shown in Figure 7. It can be observed that, the PRR of dynamic resource pool sharing solution has about 5% performance degradation at 300m range for LTE sidelink system compared with TDM-based semi-static resource pool partition solution, and the PRR of dynamic resource pool sharing solution has about 12% performance gain at 300m range for NR sidelink system compared with TDM-based semi-static resource pool partition solution. 

	[image: ]
(a) Comparison of Average PRR of LTE SL System
	[image: ]
(b) Comparison of Average PRR of NR SL System


[bookmark: _Ref110871858]Figure 7: system level performance evaluation results

[bookmark: OLE_LINK25]For NR SL, the reason of the performance degradation is the resources in dedicated resource set are not enough for NR SL system in TDM-based semi-static resource pool partition solution. Compared with the TDM-based semi-static resource pool partition solution, some type A UEs can transmit NR SL transmissions in shared resource set and detect the LTE sidelink to exclude resources occupied by LTE SL to reduce interference from LTE SL, which means there is more resource for NR SL in dynamic resource pool sharing solution, so the performance of NR sidelink will improve. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK27][bookmark: OLE_LINK26]However, for LTE SL, even though the resources occupied by NR SL will have a high RSSI if the UE which transmits NR SL transmission is close to the resource selection UE which transmits LTE SL transmission and the resources occupied by NR SL will be assigned a lower rank by the LTE SL, there's still possible that LTE SL selects the resources occupied by NR SL if the UE which transmits NR SL transmission is relatively far from the resource selection UE which transmits LTE SL transmission and there's still possible that LTE SL selects the resources in the same slot with NR SL, so there is interference and IBE from NR SL for LTE SL and the performance of LTE SL will degrade.
Observation 1: There is limited performance degradation of LTE SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

Observation 2: There is notable performance improvement of NR SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

[bookmark: _GoBack]Proposal 6: Dynamic resource sharing solution for co-channel coexistence for LTE sidelink and NR sidelink can be considered 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 and observations are given as follows:
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 or limited performance degradation of LTE sidelink

Proposal 2: Feasibility of the co-channel coexistence solutions need to be evaluated with Type D/E devices.

Proposal 3: For the study of co-channel coexistence solutions in Rel-18, the combinations of operational modes Mode 1 NR SL + Mode 4 LTE SL (Combination B) and Mode 2 NR SL + Mode 3 LTE SL (Combination C) should also be considered.

Proposal 4: TDM based resource pool partition should be the baseline for co-channel coexistence mechanism between LTE sidelink and NR sidelink. 

Proposal 5: FDM based semi-static resource pool partition solution is not adopted for co-channel coexistence mechanism between LTE sidelink and NR sidelink in Rel-18.

Observation 1: There is limited performance degradation of LTE SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

Observation 2: There is notable performance improvement of NR SL for dynamic resource pool sharing solution comparing with TDM-based semi-static resource pool partition solution.

Proposal 6: Dynamic resource sharing solution for co-channel coexistence for LTE sidelink and NR sidelink can be considered in Rel-18.
References
[1]. [bookmark: _Ref101024602][bookmark: _Ref86162678]RP-213678, “New WID on NR sidelink evolution”, RAN#94-E meeting.
[2]. [bookmark: _Ref101024619][bookmark: _Ref67497235]RP-221798, “WID revision: NR sidelink evolution”, RAN#96 meeting.
[3]. [bookmark: _Ref108528885]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #109-e.
[4]. [bookmark: _Ref61267987][bookmark: _Ref60582750]RWS-210360, “5GAA input to 3GPP Rel.18 Workshop”, RAN#92-E meeting.

Appendix
Table 2: Simulation assumption
	
	NR SL
	LTE SL

	Layout and UE dropping
	· Highway
· TTC (Time To Collision) = 4s
· [bookmark: OLE_LINK10]Type C devices (only LTE SL modules)：50%
· Type A devices (both LTE SL and NR SL modules)：50%

	Solution for Inter-RAT interference
	· Case A: TDM based semi-static resource pool partition (slots for NR: slots for LTE = 1:1).
· Case B: Dynamic resource pool sharing (slots for only NR : slots shared by LTE and NR = 1:1)

	Traffic model 
	Periodic traffic
· Inter-packet arrival time: 100 ms
· Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
· Latency requirement: 100 ms
	Periodic traffic
· Inter-packet arrival time: 100 ms
· Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
· Latency requirement: 100 ms

	Retransmission
	3
	1

	Cast type
	Broadcast (to Type A devices)
	Broadcast (to Type A devices and Type C devices)

	Resource selection
	· R16 mode 2 full sensing 
· re-evaluation: disable
	· R14 mode 4 full sensing 
· includes backward indication and RSSI ranking

	Sub-channel size
	10 PRB
	10 PRB

	SCS
	30KHz in dedicated resource set
[bookmark: OLE_LINK8]15KHz in shared resource set
	15KHz in shared resource set

	Bandwidth
	20 MHz

	Carrier frequency
	6 GHz

	Channel Model
	TR 37.885 V2V Channel Model 
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