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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 Discussion
2.1 Reference slot in resource allocation procedures
Background:
Based on the latest version of TS 38.214 Error! Reference source not found., a new parameter, i.e. subframe , was introduced in resource allocation step 2LTE). According to the editor’s explanation, the subframe  is defined as an LTE subframe that overlaps with slot n of the NR resource pool. The assumption that the physical LTE SL subframe and the physical NR SL slot overlaps works well when the LTE resource pool is aligned with NR resource pool accurately (i.e. PSBCH is aligned across resource pools). In this case, the subframe  can be used to determine a definite range of LTE subframes [] to derive LTE SL sensing information. 
However, it is not always necessary for the physical subframe  to overlap with physical slot n of the NR resource pool in cases where the pools have different configurations for the PSBCH. Noted, due to different configurations on reserved slots, S-SSB and SCS for LTE SL and NR SL, the misalignment between resource pools can take place. An example is illustrated in Figure 1, where the subframes in LTE SL resource pool and slots in NR SL resource pool are not aligned with each other. If the resource allocation procedure is triggered in physical slot #6, there is no logical LTE subframe overlapping with the logical NR SL slot in physical slot #6. The current spec is unclear under this case since there is no overlap between the subframe and slot, and hence needs to be resolved. 
[image: ]
[bookmark: _Ref145950969]Figure 1: There is no LTE subframe  overlapping with NR slot n
A more straightforward way is to explain the procedures, including how to derive LTE SL sensing information, based on NR slot n, instead of LTE subframe , and the aforementioned issue can be avoided.
Observation 1: There might not be a physical overlap between NR SL slot n and LTE subframe nLTE when the NR SL and LTE SL resource pools are not completely aligned, where n is the time where NR SL module triggers its NR SL resource (re)selection procedure as defined in clause 8.1.4 of TS 38.214.
Since there is no physical overlap with NR slot n, a common way is to find the first LTE logical subframe after subframe . However, the offset between subframe  and logical subframe  will result in a wrong determination on whether  is satisfied in step 6LTE). This would result in not excluding LTE reservations that should have been excluded by the NR SL module.
As shown in Figure 2, if an LTE SCI is received in subframe , LTE SL’s periodical reservation will be excluded when the subframe  satisfy . This condition is used in both LTE SL and NR SL to avoid over-exclusion of resources. 
[image: ]
[bookmark: _Ref146617582]Figure 2: The LTE timeline results in a wrong determination on whether  is satisfied
The range of valid subframes  is m[] as marked within the yellow brace. Since subframe  is out of this valid range, the periodic reservations indicated in the SCI are not excluded. In fact, if the NR timeline is followed, the range of valid slots  is m[] as marked in the green brace. The periodic reservations indicated in the SCI are excluded, because the slot  belongs to this valid range. Thus, the missing out on the exclusion of periodic reservations due to LTE’s timeline ought to be avoid by modifying subframe  to the subframe overlapping with slot n.
Observation 2: The offset between subframe  and logical subframe  results in a wrong determination on whether  is satisfied, when there is no LTE subframe  overlapping with slot n.
According to the latest version of 38.214 Error! Reference source not found. and the LTE SL specifications TS 36.213 [2], the phrase ”LTE sensing window” in step 2LTE) has a different meaning and different length when compared with the sensing window defined in step 2) of TS 36.213. For a NR SL module, the only sensing window used for resource allocation is the window defined in step2 in TS 38.214. In dynamic co-existence, the NR SL module is not expected to receive and decode LTE SCIs. Instead, the LTE SL module performs sensing by decoding LTE SCIs, and sensing information is shared to the NR SL module. Then, the NR SL module is able to use the sensing information within the given time range or window. Hence, there is no need to define a new “LTE sensing window” and we prefer to avoid any ambiguity that may result from this new phrase. Thus, the square brackets and the wording in square brackets for [LTE sensing window] need to be deleted.
Observation 3: The phrase “LTE sensing window” seems to imply that the NR SL module would decode the LTE SCI within the range of subframes, which it is not capable of doing so.

Proposal 1: Regarding the issue of reference slot, i.e. subframe  and subframe , endorse the following fields for the CR for TS 38.214, including the text proposal:
· Reason for change:
1. Correction in step 2LTE) to avoid the case where there is no physical overlap between NR SL slot n and LTE subframe . The current specification is unclear on how to determine the LTE subframe when there is no overlap.
2. Correction in steps 5LTE1), 5LTE3) and 6LTE) to avoid the miscalculation of the condition to check whether the slot index difference between the physical and logical slots is less than or equal to the transmission periodicity. The current specification would result in not excluding LTE periodic reservations that should have been excluded by the NR SL module.
3. Correction in step 2LTE) to avoid ambiguity caused due to the use of the term “LTE sensing window”. The current specification is not clear on how the NR SL module can perform sensing of LTE SCIs when it cannot decode them.
· Summary of change:
1. Modify subframe  to slot n, i.e. the UE uses the LTE sensing information from LTE subframes that overlap with slots within the range [].
2. Modify LTE subframe  to NR slot , i.e. LTE SCI is received in the LTE subframe that overlaps with NR slot .
3. Delete “[LTE sensing window]” in step 2LTE).
· Consequence if not approved:
Specification incorrectly excludes resources during the resource allocation procedure.
· Text Proposal for Section 8.1.4 of TS 38.214:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
…
< Unchanged parts are omitted >
For dynamic co-channel coexistence of LTE sidelink and NR sidelink,  denotes the set of subframes that may belong to an LTE sidelink resource pool as defined in clause 14.1.5 of [19, TS36.213].
The following steps are used:
…
2LTE)	In case of dynamic co-channel coexistence of LTE sidelink and NR sidelink: The UE uses the LTE sensing information from LTE subframes that overlap with slots within the range [], where The [LTE sensing window is defined by] the range of LTE subframes [], where is the LTE subframe in which this procedure is triggered and which overlaps slot n, is 1100 msec and   is up to UE implementation under ; is 4+T msec, where T ≤ 4 msec. The UE shall perform the procedures in 5LTE3 and 6LTE based on PSCCH decoded and RSRP measured result in these LTE subframes. 
5LTE1) In case of dynamic co-channel coexistence of LTE sidelink and NR sidelink: The UE shall exclude any candidate single-slot resource  from the set  if all the following conditions are met:
-	the resource pool overlaps with an LTE sidelink resource pool;
-	the UE has not monitored LTE subframe overlapping with slot   in Step 5.
…
5LTE3) In case of dynamic co-channel coexistence of LTE sidelink and NR sidelink: The UE shall exclude any candidate single-slot resource  from the set  if all the following conditions are met:
a)	the resource pool is configured with PSFCH resources;
b)	an LTE SCI format 1 is received in LTE subframe overlapping with slot , and the 'Resource reservation' field and 'Priority' field in the received LTE SCI format 1 indicate the values  and , respectively according to Clause 14.2.1 in [19, TS 36.213], where LTE subframes are indexed according to Clause 14.1.5 in [19, TS 36.213];
c)	the LTE PSSCH-RSRP measurement according to the received LTE SCI format 1 is higher than 
d)	the SCI format received in LTE subframe overlapping with slot or the same SCI format which is assumed to be received in slot LTE subframe(s)  determines according to clause 14.1.1.4C or clause 14.2.4 in [19, TS 36.213] the set of LTE subframes which overlaps with PSFCH slots associated with  for q=1, 2, …, Q and j=0, 1, …, where the PSFCH association is according to [6, TS 38.213]. and Q are determined as in condition c) of step 6LTE.
…
6LTE)	In case of dynamic co-channel coexistence of LTE sidelink and NR sidelink: The UE shall exclude any candidate single-slot resource  from the set  if all the following conditions are met:
a)	an LTE SCI format 1 is received in LTE subframe overlapping with slot, and the 'Resource reservation' field and 'Priority' field in the received LTE SCI format 1 indicate the values  and , respectively according to Clause 14.2.1 in [19, TS 36.213], where LTE subframes are indexed according to Clause 14.1.5 in [19, TS 36.213];
b)	the LTE PSSCH-RSRP measurement according to the received LTE SCI format 1 is higher than 
c)	the SCI format received in LTE subframe overlapping with slot or the same SCI format which is assumed to be received in LTE subframe(s) overlapping with slot  determines according to clause 14.1.1.4C or clause 14.2.4 in [19, TS 36.213] the set of LTE resource blocks and LTE subframeswhich overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is with  determined according to  Table 14.1.1-1 in [19, TS 36.213],  if  and , where  if slot n belongs to the set , otherwise slot  is the first slot after slot n belonging to the set  if subframe  belongs to the set , otherwise subframe  is the first subframe after subframe belonging to the set ; Otherwise .  is set to selection window size T2 converted to units of msec. 
 < Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

2.2 [bookmark: _Hlk146278931]Q determination in step 6LTE)
Background:
The value of Q in Step 6 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.


Using the LTE Q value, instead of the NR Q value, helps to prevent missing out on the exclusion of LTE’s reservation. In the above formulas, the relationship between Q in LTE SL and Q in NR SL is different when the value of the reservation period P and the selection window size varies. In order to avoid possible resource conflicts with LTE SL, the Q value in LTE SL should be used when LTE’s Q value is larger that of NR SL. 
[image: ]
[bookmark: _Ref146052913]Figure 3: NR SL will conflict with LTE SL when selecting resource in slot n+15 and n+35.
In Figure 3, the Q value of LTE SL is larger than that of NR SL, e.g. Q values of LTE SL and NR SL are 5 and 3 respectively. Following current step 5LTE3) and step 6LTE) in resource allocation procedure, for an LTE SL SCI detected in slot n-15, the periodic reservations with q=1, q=2 and q=3 only are excluded by the NR SL module. However, the resources in slot n+35 still belong to candidate resource set of NR SL module. This is because resources in slot n+35 corresponding to q=5, and q=5 is out of NR SL’s Q=3. In this case, if NR SL uses resources in slot n+35, NR SL’s next periodic transmission will conflict with LTE SL’s reservation at slot n+85. The conflicts are common cases especially when the Q value of LTE is larger. For example, 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, they cannot identify NR SL’s resource reservations in slot n+85. Re-evaluation nor pre-emption checking is also not performed by LTE SL UEs. Moreover, the pre-emption checking and re-evaluation at the NR SL cannot always solve this problem. Considering only q=1, q=2, and q=3 are used in NR SL’s resource selection procedure and re-evaluation procedure, NR SL module does not exclude resources in slot n+35. If the NR SL UE transmit on slot n+35, the resource in slot n+85 is signaled by the NR SL SCI and pre-emption checking instead of re-evaluation is performed before transmitting on n+85. However, the NR SL pre-emption check will not exclude resources in slot n+85 if the LTE SL transmission’s priority is low. Thus, if the Q of NR SL is used, the NR SL UE will cause resource conflicts with the LTE SL resource reservation for example in slot n+85, resulting in both LTE SL’s and NR SL’s performance being negatively impacted. 
In previous discussions, there were concerned about the over-exclusion caused by applying LTE SL’s Q values. One option to resolve this is to apply LTE SL’s Q value only when the periodicity is less than 100ms as this will not result in a significant reduction in the number of candidate resources. Moreover, these resource (i.e. resources marked as yellow boxes) are excluded by LTE UEs under the same resource allocation parameters. NR SL should also exclude these resources in case of dynamic co-channel co-existence in order to avoid resource collisions.
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, where the Q value is determined based on the following steps:
· if , in LTE SL is used;
· if ,  in NR SL is used;
· otherwise, otherwise Q=1.
·  is the reservation period value indicated in the LTE SL SCI.
·  is set to the selection window size T2 in microseconds as defined in TS 38.214.

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 2 cases, the performance gain can be observed when using a larger Q value between LTE SL and NR SL.
· 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 above, the PRR performance of both LTE SL and NR SL are improved when a larger Q value between LTE SL and NR SL is used, 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 4: LTE SL’s PRR performance with periodic traffic under different Q value determination methods
[image: ] 
Figure 5: NR SL’s PRR performance with periodic traffic under different Q value determination methods
Observation 4: 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 case2 (LTE SL’s Q is additionally used when <100 ms) is used.
· The communication distance of a given PRR for both LTE SL and NR SL are increased when case2 is used.

Proposal 2: Regarding the issue of whether LTE SL’s Q value is additionally used for determining the LTE SL periodic reserved resources, endorse the following fields for the CR for TS 38.214, including the text proposal:
· Reason for change:
Correction in step 6LTE) to avoid the case where the NR SL module misses out on excluding resources reserved for LTE SL periodic transmissions.
· Summary of change:
Specify that LTE SL’s Q value is additionally used when reservation period of LTE SL is smaller than 100 ms.
· Consequence if not approved:
Specification does not exclude resources reserved for LTE SL periodic transmissions, resulting in resource collisions between NR and LTE SL transmissions.
· Text Proposal for Section 8.1.4 of TS 38.214:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
…
< Unchanged parts are omitted >
6LTE)	In case of dynamic co-channel coexistence of LTE sidelink and NR sidelink: The UE shall exclude any candidate single-slot resource  from the set  if all the following conditions are met:
a)	an LTE SCI format 1 is received in LTE subframe , and the 'Resource reservation' field and 'Priority' field in the received LTE SCI format 1 indicate the values  and , respectively according to Clause 14.2.1 in [19, TS 36.213], where LTE subframes are indexed according to Clause 14.1.5 in [19, TS 36.213];
b)	the LTE PSSCH-RSRP measurement according to the received LTE SCI format 1 is higher than 
c)	the SCI format received in LTE subframe  or the same SCI format which is assumed to be received in LTE subframe(s)  determines according to clause 14.1.1.4C or clause 14.2.4 in [19, TS 36.213] the set of LTE resource blocks and LTE subframes which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is with  determined according to  Table 14.1.1-1 in [19, TS 36.213],  if  and ,  if  and , where if subframe  belongs to the set , otherwise subframe  is the first subframe after subframe belonging to the set ; Otherwise .  is set to selection window size T2 converted to units of msec. 
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

2.3 [bookmark: _Hlk146280039]Logical slot determination in step 6LTE)
Background:
[bookmark: _Hlk146806633]In latest version of TS 38.214 [1], LTE SL’s resource reservation interval  in the unit of logical subframes is used in the NR SL module’s resource allocation procedure, but it does not take into account the case where NR SL is configured with 30 kHz SCS. Since one LTE subframe corresponds to a different number of NR slots under different SCSs, the SCS should be considered when determining the number of logical slots. An LTE logical subframe overlaps with two NR logical slots when NR SL is (pre-)configured as 30kHz SCS. For a same period, in a microsecond, different numbers of logical slots/subframes are included. Therefore, the NR SL module should convert the reservation period indicated in an LTE SL’s SCI in logical slots as =. Here,  is the period indicated in the received LTE SCI,  is logical period converted from period in the unit of NR logical slots.

Proposal 3: Regarding the issue of logical slot determination when operating with 30 kHz SCS, endorse the following fields for the CR for TS 38.214, including the text proposal:
· Reason for change:
Correction in step 6LTE) to account for the difference between the overlapping LTE logical subframe and the NR slot when operating with 30 kHz SCS.
· Summary of change:
Modify the logical slot period determination formula to support 30 kHz SCS. 
· Consequence if not approved:
Specification will exclude incorrect LTE SL reservations.
· Text Proposal for Section 8.1.4 of TS 38.214:
---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
< Unchanged parts are omitted >
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
…
< Unchanged parts are omitted >
6LTE)	In case of dynamic co-channel coexistence of LTE sidelink and NR sidelink: The UE shall exclude any candidate single-slot resource  from the set  if all the following conditions are met:
a)	an LTE SCI format 1 is received in LTE subframe , and the 'Resource reservation' field and 'Priority' field in the received LTE SCI format 1 indicate the values  and , respectively according to Clause 14.2.1 in [19, TS 36.213], where LTE subframes are indexed according to Clause 14.1.5 in [19, TS 36.213];
b)	the LTE PSSCH-RSRP measurement according to the received LTE SCI format 1 is higher than 
c)	the SCI format received in LTE subframe  or the same SCI format which is assumed to be received in LTE subframe(s)  determines according to clause 14.1.1.4C or clause 14.2.4 in [19, TS 36.213] the set of LTE resource blocks and LTE subframes which overlaps with  for q=1, 2, …, Q and j=0, 1, …, . Here,  is with  determined according to  Table 14.1.1-1 in [19, TS 36.213],  if  and ,where if subframe  belongs to the set , otherwise subframe  is the first subframe after subframe belonging to the set ; Otherwise .  is set to selection window size T2 converted to units of msec. 
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------

3 Conclusions 
In this contribution, we provide our views on maintenance issues of co-channel coexistence for LTE sidelink and NR sidelink. The main bullet of each proposal is copied here, and details of each proposal are in Section Error! Reference source not found.. In addition to the text proposals given, we have made following observation and proposals: 
Observation 1: There might not be a physical overlap between NR SL slot n and LTE subframe nLTE when the NR SL and LTE SL resource pools are not completely aligned, where n is the time where NR SL module triggers its NR SL resource (re)selection procedure as defined in clause 8.1.4 of TS 38.214.
Observation 2: The offset between subframe  and logical subframe  results in a wrong determination on whether  is satisfied, when there is no LTE subframe  overlapping with slot n.
Observation 3: The phrase “LTE sensing window” seems to imply that the NR SL module would decode the LTE SCI within the range of subframes, which it is not capable of doing so.
Observation 4: 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 case2 (LTE SL’s Q is additionally used when <100 ms) is used.
· The communication distance of a given PRR for both LTE SL and NR SL are increased when case2 is used.
Proposal 1: Regarding the issue of reference slot, i.e. subframe  and subframe , endorse the following fields for the CR for TS 38.214, including the text proposal (see details in Section 2.1).
Proposal 2: Regarding the issue of whether LTE SL’s Q value is additionally used for determining the LTE SL periodic reserved resources, endorse the following fields for the CR for TS 38.214, including the text proposal (see details in Section 2.2).
Proposal 3: Regarding the issue of logical slot determination when operating with 30 kHz SCS, endorse the following fields for the CR for TS 38.214, including the text proposal (see details in Section 2.3).
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