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In this contribution, the aspects related to open issues for coexistence of LTE V2X and NR V2X in co-channel scenarios are discussed.
Discussion
PSFCH Issue
In the last meeting, the following update to PSFCH issues was made, leaving two options for RSRP threshold configuration:
	Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources where the corresponding PSFCH transmission occasions overlap with LTE SL reserved resources by other LTE SL UE in time domain, Down-selection one of followings:
· Option 1: 
· When the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission
· The list of the above initial SL RSRP thresholds is separately (pre)configured
· FFS: whether this initial SL RSRP threshold list can be (pre)configured per subset of PSFCH resources 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR SL module applies the above procedure in Step 6 in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE and the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold according to condition c in Step 6 in Section 8.1.4 of TS 38.214
· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module
· Option 2: 
· For determining the LTE SL periodic reserved resources by other LTE SL UE, 
· Reuse the same mechanism as in NR SL resource (re)selection procedure excluding NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE
· The PHY layer of NR module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· FFS: whether to apply the above procedure based on the priority of the LTE SL reserved resources and/or the priority of the NR SL transmission
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes NR SL candidate resources of NR SL periodic resources when the corresponding PSFCH transmission occasions are overlapping with LTE SL reserved resources by other LTE SL UE in time domain according to Step 5 in Section 8.1.4 of TS 38.214.
· Note: It is assumed that the information relevant to LTE SL reserved resources by other LTE SL UE used in the above procedure is shared from LTE SL module to NR SL module



From the two options, the preference is to apply Option 1, i.e., a separate threshold. It is aligned with the understanding that PSFCH vs LTE collision may be avoided in some scenarios and may not need to be avoided in other scenarios. Further, the RSRP threshold set can take into account two different PSFCH overlapping types with LTE as illustrated in Figure 1. When partial overlap is observed, higher RSRP threshold may be utilized since PSFCH impact on LTE transmission is already minimized. This may be achieved by separately configuring two sets of SL RSRP thresholds.


[bookmark: _Ref131702499]Figure 1 - Illustration of different types of PSFCH overlap with LTE in time domain.


Proposal 1: 
· Regarding the condition of overlap of NR PSFCH and LTE transmission, adopt Option 1, i.e.
· When the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission and is separately (pre-)configured.

Proposal 2:
· Support separately (pre-)configuring up to two different SL RSRP threshold sets corresponding to different slots containing NR PSFCH
· The set of NR PSFCH slots for which a first set of SL RSRP thresholds is applied is configured as each N-th logical slot containing NR PSFCH, with N configurable from 2, 3, 4.
· The set of NR PSFCH slots for which a second set of SL RSRP threshold is applied is derived as all other slots not covered by the first set.

Use of Information Shared by LTE SL Module
Other LTE UEs transmissions
During RAN#112bis-e, further decision was made to utilize LTE sensing information at NR PHY layer, assuming it is integrated into resource exclusion procedures described in TS 38.214, Section 8.1.4:
	Agreement
In NR SL resource (re)selection procedure, for dynamic resource pool sharing, the list of initial SL RSRP thresholds is separately (pre)configured (i.e., Alt 3 in the agreement of RAN1#112 meeting) for the PHY layer of NR SL module to exclude NR SL candidate resources overlapping with LTE SL reserved resources by other LTE SL UE.
· FFS: whether a different initial SL RSRP threshold list may be (pre)configured for selecting single slot resources in NR SL slots with NR PSFCH.

Agreement
In NR SL resource (re)selection procedure, for determining the LTE SL periodic reserved resources by other LTE SL UE, the formula of Q in Section 8.1.4 in TS 38.214 is used.
· FFS: whether the formula of Q in Section 14.1.1.6 in TS 36.213 is used additionally to derive the largest value between the two formulas
Note: The reservation period and the location of the LTE SL periodic reserved resources are determined based on the set of LTE SL logical subframe that may belong to LTE SL resource pool as specified in TS 36.213.




The two FFS points may need to be resolved, although they are not essential for normative phase completion.
· Regarding the FFS whether a different initial SL RSRP threshold list may be (pre-)configured for selecting slot resources in NR SL slots with NR PSFCH, it may be considered as an optimization in this situation, since it does not directly solve the issue and relies on LTE RSSI averaging for exclusion of NR slots containing PSFCH.
· Regarding the FFS on Q formula enhancement, since how many periods are remaining in reservation is unknown to receivers, optimizations of exclusions with Q formula may not result in material gains, and this may be considered as optimization.

One specific feature which is not present in NR but is present in LTE, is the usage of RSSI measurement to rank resources which do not have associated RSRP measurements, i.e., reserving SCIs received. To support it in NR, a given single-subframe LTE resource which has an associated sidelink RSSI measurement may be converted to an NR SCI with a default priority, default periodicity and an associated RSRP measurement, which is a function of RSSI measurement. RSSI to RSRP conversion needs to consider that RSSI also captures interference and noise, and is defined per symbol, not per RE. If it can be allowed for a UE to convert RSSI to RSRP considering appropriate scaling, it may capture the effect of RSSI to a large extent.

Proposal 3: 
· LTE sub-channels with RSSI measurement are converted to NR SCIs with a default priority, default periodicity, and with RSSI measurement converted to approximate RSRP measurement considering sub-channel bandwidth.

Non-monitored LTE subframes
The following proposal was discussed in RAN1#112 but was not agreed:
	Agreement
In NR SL resource (re)selection procedure, the PHY layer of NR SL module excludes NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframe (in which UE has not monitored due to its transmission) in LTE SL module 
· For determining the LTE SL resources associated with non-monitored subframe of LTE SL module, 
· All the LTE SL resources in the non-monitored subframes are assumed to be repeatedly reserved Q times for each LTE SL resource reservation period (pre)configured in a LTE SL resource pool
· The same formula of Q for determining the LTE SL periodic reserved resources by other SL UE is used
· Note: The reservation period and the location of the LTE SL resources repeated Q times in the above procedure are determined based on the set of LTE SL logical subframe that may belong to LTE SL resource pool as specified in TS 36.213
· The PHY layer of NR SL module applies the above procedure in Step 5 in Section 8.1.4 of TS 38.214
· FFS: whether the set SA is initialized to the set of all the candidate single-slot resources excluding NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframes when the amount of candidate single-slot resources is not sufficient as specified in Step 5a in Section 8.1.4 of TS 38.214
· Note: For periodic resource reservation of NR SL transmission, the PHY layer of NR SL module further excludes all NR SL candidate resources in NR SL slots that overlap with LTE SL resource pool where NR SL periodic resources are overlapping with LTE SL resources associated with non-monitored subframes of LTE SL module according to Step 5 in Section 8.1.4 of TS 38.214
· Note: The NR SL module excludes NR SL candidate resources overlapping with NR SL resources (including NR SL resource reservation period(s) (pre)configured in a NR SL resource pool) associated with non-monitored slot as specified in Section 8.1.4 of TS 38.214 (i.e., NR SL slot in which UE has not monitored due to its own transmission), which is the existing Rel-16/17 NR SL behavior
· Note: It is assumed that the information relevant to LTE SL resources associated with non-monitored subframe of LTE SL module used in the above procedure is shared from LTE SL module to NR SL module




The remaining issue is whether the set S_A is initialized to the set of all the candidate single-slot resources excluding NR SL candidate resources overlapping with LTE SL resources associated with non-monitored subframes when the amount of candidate single-slot resources is not sufficient as specified in Step 5a in Section 8.1.4 of TS 38.214.
In our understanding, this may create an issue of infinite loop for NR resource exclusion, which is handled by Step 5a. In NR, the remaining resource ratio can be configured up to 50%, meaning that a UE needs to find at least 50% not excluded resources. With allowing hard exclusion in Step 5a for LTE resources always, the mechanism of avoiding infinite loops does not work anymore.

Observation 1
· Initializing in Step 5a the resource set to all resources except LTE non-monitored subframes may lead to infinite loop issue and thus is not preferred.

Timeline of Information Shared by LTE SL Module
The following was agreed in RAN1#112bis-e with respect to timeline for sharing LTE information with NR SL module:
	Agreement
The NR SL module uses the information from the starting LTE SL subframe to the ending LTE SL subframe in the shared information from the LTE SL module.
· The starting LTE SL subframe is no later than the time (n-T_start)
· n is the time where NR module triggers its NR SL resource (re)selection procedure as defined in clause 8.1.4 of TS 38.214
· Down-selection one of followings for T_start:
· Option 1-1: T_start is T_0 as defined in clause 8.1.4 of TS 38.214
· Option 1-2: T_start is 1100ms
· Option 1-3: T_start is up to UE implementation
· The ending LTE SL subframe is no earlier than the time (n-T_valid2)
· Down-selection one of followings for T_valid2:
· Option 2-1: T_valid2 is T
· Option 2-2: T_valid2 <= T+4ms
· Option 2-3: T_valid2 is up to UE implementation




Regarding the starting LTE SL subframe, both Option 1-1 and Option 1-2 may be used applied. It is expected that T_0 configuration (100 ms or 1100 ms) matches current UE operation, i.e., whether there are aperiodic transmissions only or also periodic ones. Assuming reasonable T_0 configuration which takes into account potential co-existence with LTE, there may be no need to always force T_start to follow the largest value of 1100 ms. Note, that UE-implementation based option is not valid since allows empty set passed from LTE to NR module.
Regarding the ending LTE SL subframe, first of all, Option 2-3 is invalid since it allows passing outdated and/or empty sensing information from LTE to NR. Then, between Option 2-1 and 2-2, we slightly prefer 2-2 which imposes a tighter requirement on LTE sensing information freshness.

Proposal 4:
· Regarding the timeline for sharing LTE sensing information to NR module, the following options are adopted:
· Option 1-1 for the starting LTE subframe
· Option 2-2 for the ending LTE subframe

Higher SCS
	Agreement
For NR SL transmissions of 30kHz SCS with dynamic resource pool sharing, the power level of the NR PSCCH/PSSCH transmission in the first of NR SL slots overlapping with an LTE SL subframe is always larger than or equal to the power level(s) of the NR PSCCH/PSSCH transmission in the subsequent NR SL slot overlapping with the LTE SL subframe.
· Note: How to ensure the above condition is up to UE implementation
· FFS on whether same or different frequency allocation may be used in the second overlapping slot

Agreement
When the same TB is transmitted on the NR SL slots overlapping with the LTE SL subframe, it is up to UE implementation how to avoid transmitting NR PSCCH/PSSCH only in the subsequent NR SL slot overlapping with an LTE SL subframe according to RAN#99’s agreement for NR PSCCH/PSSCH transmissions of 30kHz SCS with dynamic resource pool sharing
· FFS: whether/how to differently handle the case when different TBs are transmitted on the NR SL slots overlapping with the LTE SL subframe and the NR SL transmission in the first overlapping NR SL slot is dropped or reselected.



In RAN#99, a decision was made to support 30 kHz SCS on NR co-existing with LTE in 15 kHz SCS, as cited in introduction section 1. The solution aims to minimize PHY layer impact from the feature. However, there are at least two aspects which need to be discussed.
According to RAN#99 agreement, the resource selection is performed in MAC layer so that at least the first slot of the two overlapping with LTE subframe is utilized. The two aspects arising with this consideration are:
· Issue 1: MAC layer is unaware of numerology considerations and also of co-existence between LTE and NR in general, since so far, the feature was only impacting PHY layer. In our view, in this case MAC layer needs to receive from PHY indication of allowed starting slots for selected resources, so that MAC layer is still transparent to numerologies.
· Issue 2: The additional restriction imposed by the mix of numerologies, similarly to non-preferred resource set exclusion, may increase probability that it is impossible to select resources for transmission. In this case, it may be either left for UE implementation or may be allowed for a UE to drop transmission.

Proposal 5:
· In case of NR operating in 30 kHz SCS, for a ach candidate resource NR PHY layer shares with MAC layer information on whether a candidate resource overlaps with the first LTE subframe symbol or not.

Proposal 6:
· It is up to UE implementation to handle the cases when the additional restriction on starting positions of selected resources leads to impossibility to select a transmission resource.

Lastly, it may need to be clarified, whether the subsequent resource may be selected only with the same frequency allocation, or it may have a different frequency allocation. In general, the AGC issue may also be observed if the frequency allocation is changed, due to frequency selectivity of the propagation channel. The issue may not be critical in some scenarios but may impact the performance in other scenarios.

Proposal 7:
· In case of NR 30 kHz SCS, RAN1 to clarify that a UE may select a subsequent resource not overlapping with the first symbol of LTE subframe, which has the same frequency allocation from the preceding resource.

Regarding the FFS on handling of different TBs in the first and the second part of the slot, we think this scenario is also covered by RAN#99 agreement. In case of resource re-selection or dropping of the first slot, the second slot is not allowed for transmission, and thus needs to be dropped/reselected.

Conclusions
In this contribution, we discussed several aspects related to coexistence between NR SL and LTE SL, and made the following proposals and observations:

Proposal 1: 
· Regarding the condition of overlap of NR PSFCH and LTE transmission, adopt Option 1, i.e.
· When the SL RSRP value associated with the LTE SL reserved resources is higher than a SL RSRP threshold, where the SL RSRP threshold is derived based on LTE SL priority of other LTE SL UE and NR SL priority for NR SL transmission and is separately (pre-)configured.

Proposal 2:
· Support separately (pre-)configuring up to two different SL RSRP threshold sets corresponding to different slots containing NR PSFCH
· The set of NR PSFCH slots for which a first set of SL RSRP thresholds is applied is configured as each N-th logical slot containing NR PSFCH, with N configurable from 2, 3, 4.
· The set of NR PSFCH slots for which a second set of SL RSRP threshold is applied is derived as all other slots not covered by the first set.

Proposal 3: 
· LTE sub-channels with RSSI measurement are converted to NR SCIs with a default priority, default periodicity, and with RSSI measurement converted to approximate RSRP measurement considering sub-channel bandwidth.

Observation 1
· Initializing in Step 5a the resource set to all resources except LTE non-monitored subframes may lead to infinite loop issue and thus is not preferred.

Proposal 4:
· Regarding the timeline for sharing LTE sensing information to NR module, the following options are adopted:
· Option 1-1 for the starting LTE subframe
· Option 2-2 for the ending LTE subframe

Proposal 5:
· In case of NR operating in 30 kHz SCS, for a ach candidate resource NR PHY layer shares with MAC layer information on whether a candidate resource overlaps with the first LTE subframe symbol or not.

Proposal 6:
· It is up to UE implementation to handle the cases when the additional restriction on starting positions of selected resources leads to impossibility to select a transmission resource.

Proposal 7:
· In case of NR 30 kHz SCS, RAN1 to clarify that a UE may select a subsequent resource not overlapping with the first symbol of LTE subframe, which has the same frequency allocation from the preceding resource.
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