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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
[bookmark: _Ref130923273][bookmark: _Ref134087003]In this contribution, we provide our views on maintenance of co-channel coexistence for LTE sidelink and NR sidelink. Proposals and their associated text proposals are given to rectify incorrectly captured agreements and to solve maintenance issues in Rel-18 specifications.
2 [bookmark: _Ref149136353]Discussion: Q determination in step 6LTE)
Background:
In LTE SL and NR SL’s resource allocation procedures, collisions are avoided by excluding the first Q periodic resources that are reserved by other UEs. The value of Q is determined differently in LTE SL and NR SL, as can be seen from their respective formulas below:
	In LTE SL, Q is defined in TS 36.213 [2] clause 14.1.1.6 as follows: 
if  and , …; otherwise.

	In NR SL, Q is defined in TS 38.214 [1] clause 8.1.4 as follows:
if  and , …. Otherwise.


In the revised specification TS 38.214 [1], only the Q value formula from NR SL is used in order to determine the periodic resources that are reserved by other UEs. While using this Q value formula works fine when the periodicity is above 100 ms, it can be seen that for periodicities smaller than 100ms (i.e. <1 in LTE SL’s SCI), the Q value of NR SL is smaller than that of LTE SL. This would result in the UE missing out on the exclusion of LTE SL’s resource reservations if only the Q value formula from NR SL is reused. Thus, in order to avoid possible resource conflicts with LTE SL, we propose that the Q value in LTE SL should be used when the periodicity indicated in LTE’s SCI is smaller than 100ms. To highlight this issue, we have provided an example below.
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[bookmark: _Ref146052913]Figure 1: NR SL will conflict with LTE SL when selecting resource in slot n+15 and n+35.
As shown in Figure 1, Q values of LTE SL and NR SL are 5 and 3 respectively. Following current steps 5LTE3) and step 6LTE) in the resource allocation procedure, for an LTE SL SCI detected in slot n-15, the candidate resource overlapping with periodic reservations with q=1, q=2 and q=3 are excluded by the NR SL module. However, the candidate resources determined by q=4 and q=5 are not excluded from NR SL’s SA. For example, since q=5 is out of NR SL’s Q=3, the resources in slot n+35, which is determined by q=5, still belong to NR SL’s SA. In this case, if NR SL uses resources in slot n+35, NR SL’s next periodic transmission could potentially conflict with LTE SL’s reservation at slot n+85. This kind of resource conflict is common in cases when the Q value of LTE is larger. Similarly, resources in slot n+15 are also not excluded because they correspond to q=4, and they lead to conflicts between LTE SL and NR SL in slot n+65.
Since LTE SL UEs cannot decode NR SL SCIs, the LTE SL UEs cannot avoid the conflict via any resource allocation method. NR SL UEs also cannot avoid this conflict, even with pre-emption checking and re-evaluation. Considering only q=1, q=2, and q=3 are used in NR SL’s resource selection procedure and re-evaluation procedure, the NR SL module does not exclude resources in slot n+35. If the NR SL UE transmits on slot n+35, re-evaluation doesn't take effect since the resource in slot n+85 is signaled by the NR SL SCI. If LTE SL’s reservation in slot n+85 has a lower priority value but a higher RSRP measurement result, NR SL will consider the resource can be pre-empted, but LTE SL UE will not ‘release’ the resource. Thus, if the Q of NR SL is used, it would result in both LTE SL’s and NR SL’s performance being negatively impacted.
Since we propose to use the Q value formula from LTE SL only for periodicities smaller than 100ms (i.e. <1 in LTE SL’s SCI), and not for larger periodicities, it will not result in a reduction in the number of candidate resources, but would only enable the NR SL module to exclude resources that would anyway be excluded by the other LTE SL UEs that use the LTE SL Q value formula. It is also possible to (pre-)configure the use of this LTE SL Q value formula.
Observation 1: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· Only using LTE SL’s Q value formula when <1 (i.e. periodicities smaller than 100ms) helps to solve the conflicts between LTE SL and NR SL.

The main motivation to use the LTE SL Q value formula is to protect LTE SL, especially since the periodicities smaller than 100ms are important for LTE SL operations. Since LTE SL is already commercially deployed in China, we want to ensure that the deployment of dynamic co-channel coexistence does not face delays due to potential concerns about needing to protect the performance of pre-existing deployments. Furthermore, the importance of the periodicities smaller than 100ms is underlined in the SA1 Rel-15 eV2X study item, where frequencies up to 40Hz (i.e. period smaller 25ms) were agreed to support the set 1 platooning performance requirement [3]. This requirement was reflected in Rel-14’s WID as ‘traffic with smaller periodicity on PC5 based V2V’ [4]. 
	5.1 eV2X support for vehicle platooning [3]
-	Set 1: According to [11][2], the distance between vehicles for normal density platooning may be larger than 2 meters. When the platoon moves at 100km/h, vehicles move 1 meter in 36ms. Considering the round-trip-time and processing delay, message transmission frequency up to 40Hz, translating into 25ms end-to-end latency with message sizes of around 300-400 bytes should be supported.


In RAN1#86bis, the period 20ms and 50ms was agreed and specified in LTE SL’s resource allocation procedure. In the LTE SL deployment in China, LTE V2V communications are specified as an important scenario, where the basic performance requirement of the data communication frequency in many safety-related scenarios (e.g. sensor data sharing and cooperative lane change) are larger than 10Hz, i.e. smaller than 100 ms [5]. Hence, designing for good coexistence between 3GPP sidelink deployments is an important issue.
Simulation results: 
In order to understand the impact of selecting the NR SL Q value and the higher Q value from the NR and LTE Q formulas, the LTE SL and NR SL performance under different Q value determination methods are simulated. The simulation results using periodic traffic in an urban scenario are shown below. 
Based on the simulation results of the following two cases, the performance gain can be observed in both LTE SL and NR SL when using LTE SL’s Q value if the detected period is smaller than 100ms.
· Case 1: NR SL’s Q value is used for resource allocation
· Case 2: LTE SL’s Q is additionally used when reservation period of LTE SL is smaller than 100 ms.
Based on the simulation results shown below, the PRR performance of both LTE SL and NR SL are improved when a larger Q value is used when the period is smaller than 100ms, primarily because NR SL UEs in case 2 are able to avoid future conflicts with LTE SL during its resource selection procedure. 
In addition, the communication distance gain in case 2 is significant. For the PRR at 99%, the communication distance of LTE SL is improved from 85 m to 94 m, i.e. there is a 11% improvement. Further, for NR SL’s PRR at 99%, the communication distance is improved from 79 m to 92 m with a gain of about 16%. The improved communication distance is useful for expanding the use cases of sidelink in ITS applications.
[image: ] 
Figure 2: LTE SL’s PRR performance with periodic traffic under different Q value determination methods
[image: ] 
Figure 3: NR SL’s PRR performance with periodic traffic under different Q value determination methods
Observation 2: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· The PRR performance of both LTE SL and NR SL are improved when LTE SL’s Q is additionally used for <1.
· The communication distance of a given PRR for both LTE SL and NR SL are increased when LTE SL’s Q is additionally used for <1.
To summarize the solution, we propose to use LTE SL’s Q value when the reservation period of LTE SL is smaller than 100 ms, otherwise the NR SL Q value is used based on a (pre-)configuration.
Proposal 1: For determining the Q value to exclude LTE SL’s periodical reservations, a resource pool uses one of the following:
· LTE SL’s Q value formula for periodicities below 100ms, else NR SL’s Q value formula is used
· is used for ;
·  is used for ;
· otherwise, Q=1.
· Only NR SL’s Q value formula is used.

3 Conclusions 
In this contribution, we provide our view and simulation results on maintenance issue of co-channel coexistence for LTE sidelink and NR sidelink, i.e. how to determine the Q value to exclude LTE SL’s periodical reservations. We have made following observation and proposals: 
Observation 1: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· Only using LTE SL’s Q value formula when <1 (i.e. periodicities smaller than 100ms) helps to solve the conflicts between LTE SL and NR SL.
Observation 2: For determining and excluding the LTE SL periodic reserved resources based on the Q value, 
· The PRR performance of both LTE SL and NR SL are improved when LTE SL’s Q is additionally used for <1.
· The communication distance of a given PRR for both LTE SL and NR SL are increased when LTE SL’s Q is additionally used for <1.
Proposal 1: For determining the Q value to exclude LTE SL’s periodical reservations, a resource pool uses one of the following:
· LTE SL’s Q value formula for periodicities below 100ms, else NR SL’s Q value formula is used
· is used for ;
·  is used for ;
· otherwise, Q=1.
· Only NR SL’s Q value formula is used.
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