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1	Introduction
In 3GPP RAN1#111 meeting, the following agreements were achieved.
	Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.
Agreement
Based on the agreement in RAN1#110bis-e, the value of Tmax = 4 ms.
In the above, the agreement from RAN1#110bis-e is
Agreement

For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: Value of Tmax
· FFS: any discussion on the earliest information, if needed




In this paper, we present our views on the issues and the corresponding solutions to operate LTE-NR co-channel coexistence.
[bookmark: _Toc110957117][bookmark: _Toc110957133][bookmark: _Toc110957134][bookmark: _Ref178064866]
2	Solutions for co-channel coexistence between LTE and NR sidelink
In this section, we discuss solutions for co-channel coexistence between LTE and NR sidelinks. First, we discuss a few baseline assumptions to ensure that the solution is useful in practice and to limit the scope of the discussions. Then, we discuss static coexistence solutions, including the Rel16 framework. Finally, we present our view on the dynamic co-channel coexistence of LTE and NR SLs.
	
2.1	Dynamic co-channel coexistence between LTE and NR sidelink
2.1.1	Transmitting HARQ feedback over PSFCH

	Agreement (cf. RAN1#110 Agreements)
For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
· For NR PSFCH (if configured), at least the following alternatives are studied:
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.



In the previous meetings, two alternative solutions have been discussed to address the power variations and AGC issue of transmitting PSFCH on LTE SL subframes as follows [2].
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, the NR SL UE avoids PSFCH transmissions in time slots that overlap with subframes used for LTE SL transmissions (Alt 1).
· NR SL UEs use a periodically repeating set of PSFCH slots (Alt 2).

There was no consensus on a single alternative. Companies believe in using the different options based on a (pre-)configuration to ensure that there is necessary configurability depending on the prevalent NR and LTE SL traffic. As summarized in [2], the compromised solution with respect to the transmitting HARQ feedback over PSFCH is the following proposal, which was not agreed in the end.
	Proposal 1-1(VII):
· For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, based on (pre-)configuration, when PSFCH resources overlap with resources to be used for LTE SL transmissions in the time domain, the NR SL UE
· Always avoids transmissions on the PSFCH resources, or
· FFS details including whether the TX UE avoid selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or RX UE does not transmit on the overlapping PSFCH resources.
· Does not avoid transmission on the PSFCH resources, or
· Conditionally avoids transmissions on a subset of the PSFCH resources.
· FFS details of conditions including 
· a (pre-)configured subset,
· the consideration of the LTE RSRP and LTE and/or NR priority,
· presence of PSCCH/PSSCH transmission in the same LTE subframe as PSFCH transmission with the same power by the same UE.
· FFS for the case when there is an overlapping of time and frequency resources between PSFCH and LTE SL transmission
· Introduce additional PSFCH periodicity of [5, 8 and] 10.
· Note: Alignment between PSFCH periodicity and LTE logical subframes should be ensured by proper configuration.
· FFS: Whether to confine the PSFCH transmission, in the time domain, within the guard symbol of the LTE SL subframe.
· FFS details.




A subset of companies expressed a concern that supporting multiple options would increase the implementation complexity of the NR SL UE. However, as per our understanding, it is possible to have multiple pre-configuration options while the UE is configured explicitly to perform one option actively.  One main advantage of such approach is the flexibility that can be exploited subject to the SL traffic situations in NR and LTE.
[bookmark: _Toc127544612]Multiple pre-configuration options can be utilized to facilitate the PSFCH transmissions during the dynamic resource pool sharing of LTE and NR SL UEs, while the UE is configured explicitly to perform one pre-configuration actively.
One straightforward approach to address the power variations and AGC issue of transmitting PSFCH on LTE SL subframes is to make sure first the TX UE avoids selecting resources for PSCCH/PSSCH transmissions that overlap with PSFCH resource. In the next step, it is also necessary in some situations to impose another constraint at the RX UE to not transmit on these overlapping PSFCH resources.
[bookmark: _Toc127544617]For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, based on (pre-)configuration, when PSFCH resources overlap with resources to be used for LTE SL transmissions in the time domain, the NR SL TX UE always avoids selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or NR SL RX UE does not transmit on the overlapping PSFCH resources.

However, depending on the resource pool configuration and the SL traffic situations in NR and LTE, there may be possibility of excessive avoidance of resources, which incurs increased delay for NR SL traffic. This leads to the investigation of other approaches. 
In some cases, by following the principles of in-device coexistence mechanism with the NR SL module being aware of the LTE SL resource pool configuration, one can also choose a pre-configuration option, where the NR SL RX UE does not avoid PSFCH transmissions. This does not cause any detrimental effects for the coexistence operation provided if there exists an alignment between logical and physical slots with respect to PSFCH slot. We present below different examples to illustrate both cases of misaligned and aligned logical and physical slots with respect to PSFCH slot and the corresponding impact.  
Let us denote by   the set of subframes that may belong to a PSSCH resource pool for LTE SL transmission, which do not include SLSS and reserved subframes and hence not contiguous in time domain. RSSI detection is performed according to  and  = 100 in ITS band. But the gap is not always equal to 100 ms (can be larger or smaller) due to the SLSS and reserved subframes that are not accounted. Similar situation occurs in NR SL as the slots for SLSS and reserved slots are not accounted. Altogether, the periodic relationship between PSFCH resources in NR and resources used for RSSI detection in LTE is not always guaranteed when they operate on different scales of logical slots than in physical slots.  Figure 1 shows an example where the mismatch between logical and physical slots makes it difficult for LTE SL UE to detect PSFCH transmissions based on RSSI measurement, whereby third and fourth PSFCH slots are perceived wrongly by the LTE SL UE. Specifically, in this example, PSFCH slots are aligned between logical and physical slots before SLSS slot while misaligned after the insertion of SLSS. 
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[bookmark: _Ref127138665]Figure 1: Illustration of the mismatch between logical and physical slots, which induces a problem in detecting periodicity of PSFCH transmission. PSFCH periodicity is set to 4 and two SLSS slots occur per 160 ms interval.
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[bookmark: _Ref127138913]Figure 2: Illustration of the mismatch between logical and physical slots does not make a problem in detecting periodic PSFCH transmission. PSFCH periodicity is set to 2 and two SLSS slots occur per 160 ms interval.
Next, we introduce another example in Figure 2, whereby LTE SL UE still be able to detect periodic PSFCH transmission. In this example, two SLSS slots are placed together and PSFCH slots before the SLSS slots and after the SLSS slots are aligned. One of the SLSS slots is perceived as a PSFCH slot by the LTE SL UE, which has no or minimum impact on the LTE sensing and detection of NL SL PSFCH transmission. In both examples, LTE SL resource pool configuration is not considered. If one chooses LTE SLSS slots and NR SLSS slots judiciously in a certain combination, the issue of misalignment is further minimized.  This is illustrated in Figure 3.
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[bookmark: _Ref127139048]Figure 3: Illustration of NR resource pool configuration with its SLSS and LTE resource pool configuration with its SLSS. Both configurations together help in alleviating the misalignment of logical and physical time slots with respect to PSFCH slots. NR PSFCH periodicity is set to 4 and two SLSS slots exist 160 ms interval. 
Based on the above, we have the following observation and proposals:
[bookmark: _Toc127544613]In some cases, the mismatch between logical and physical slots can make a problem in detecting periodic PSFCH transmission and in some cases, there is none or minimum impact.
[bookmark: _Toc127544618]The mismatch between logical and physical slots is avoided by using an appropriate (pre-)configuration for NR SL (resource pool, SLSS, etc.).
[bookmark: _Toc127544619]In each PSFCH occasion, PSCCH/PSSCH RX UE transmits PSFCH (equivalently, does not avoid the PSFCH transmissions) only if there exists an alignment between logical and physical slots with respect to PSFCH slot.
There exists another alternative that considers the periodic configuration of PSFCH slots, i.e., similar to the legacy NR SL configuration, and then relying on LTE SL sensing behavior to avoid transmitting on NR slots. As we discuss later in this section, the LTE SL UEs can avoid transmitting on resources that have high RSSI values using energy detection mechanisms. Thus, this solution is preferred as it provides the benefit of having PSFCH transmission which is one of the fundamental functionalities of NR SL. Clearly, for the solution to be functional, there must be some NR slots without PSFCH resources too (i.e., PSFCH periodicity 1 should not be used). Having clarified these preliminary aspects, we describe the different aspects that are part of the solution according to the design principles in the preceding two proposals. In this solution two overlapping pools are configured:
· From an LTE perspective, all resources (in time/frequency) are configured for LTE transmissions.
· From an NR perspective, all resources (in time/frequency) are configured for NR transmissions.
For Mode 4 resource allocation in LTE, the behaviour of LTE UEs is the one specified in Rel-14/15. For typical LTE transmissions (i.e., periodic at intervals of 100 ms or more), the essence of the sensing procedure consists of:
· Resource exclusion based on SCI detection. Detecting SCI (from LTE transmissions), performing associated PSSCH-RSRP measurements and excluding reserved resources (cf. Step 6 in Table 2).
· Resource exclusion based on RSSI averages. Ranking the remaining resources in terms of the averaged S-RSSI measurements in subframes  for  (cf. Step 8 in Table 2) and keeping only the 20% of resources with lowest averaged S-RSSI values (i.e., discarding the resources with highest S-RSSI averages, cf. Step 9 in Table 2).
The original intention of these two operations was to protect against collisions with other LTE transmissions. Clearly, resource exclusion based on SCI detection cannot protect against NR transmissions as they use a completely different SCI format. However, resource exclusion based on RSSI averages could in principle protect against periodic NR transmissions. Although the traffic pattern for advanced ITS services is not necessarily periodic, this feature may be useful for preventing the use of LTE subframes that overlap with NR slots that contain PSFCH resources. 
To assess the suitability of resource exclusion based on RSSI averages for preventing the use of LTE subframes that overlap with NR slots that contain PSFCH resources, it is necessary to note that:
· NR PSFCH resources can be configured every 1, 2, or 4 slots (, provided by sl-PSFCH-Period).
· As argued earlier, we focus on  or , leaving aside the case that . For  all slots would contain PSFCH and hence nothing specific about them can be done.
· LTE Resource exclusion based on RSSI averages excludes specific frequency resources based on S-RSSI measured in earlier subframes. That is, it does not exclude all resources in a subframe but a subset of them. 
Regarding time allocation:
· There is a mismatch between the NR PSFCH periodicity (every 2 or 4 slots) and the S-RSSI averaging (every  subframes, which is equal to 100 for FDD). However, given that  is typically a multiple of  an average S-RSSI measurement will include S-RSSI measurements from multiple slots with PSFCH resources, see Figure 4.
· An LTE S-RSSI measurement is a linear average of received power over OFDM symbols 0-12 (symbol 13 is a GP).
· In NR slots configured with PSFCH symbols we have that
· Symbols 0-9 carry PSCCH/PSSCH
· Symbols 11 and 12 carry PSFCH.
· Symbols 10 and 13 are GPs.
[image: ]
[bookmark: _Ref127139761][bookmark: _Ref110932385]Figure 4: Computation of averaged S-RSSI values for two different subframes (in the future) y1 and y2 which are overlapping with NR slots configured with PSFCH resources (in yellow). For subframe y1 (semi-transparent red), S-RSSI measurements from K past subframes are averaged (solid red). For subframe y2 (semi-transparent blue), S-RSSI from another K past subframes are averaged (solid blue). Note that all average S-RSSI values correspond to subframes overlapping with NR slots configured with PSFCH resources, even if different slots are considered for different averaged measurements.
Regarding frequency allocation:
· From a UE perspective, NR PSFCH transmissions occupy a single PRB.
· From a system perspective, a set of PRBs are configured for NR PSFCH transmission. The choice of PRBs within the system bandwidth can be configured with full flexibility by sl-PSFCH-RB-Set (see Table 3).
Putting together this information, we observed that LTE resource exclusion based on RSSI averages may be useful for excluding subframes overlapping with NR slots with PSFCH resources. 
[bookmark: _Toc127544614]LTE Resource exclusion based on RSSI averages may successfully exclude resources in subframes overlapping with NR slots configured with PSFCH.
So far, we have concluded that we can expect that LTE transmissions mostly to take place on the other subframes, i.e., those that do not overlap with NR slots with PSFCH resources. However, a corresponding behaviour from NR UEs is necessary. That is, NR UEs should concentrate their SL transmissions on slots with PSFCH resources. 
[bookmark: _Toc127544615]For correct coexistence between NR and LTE sidelinks, NR UEs should prioritize transmitting PSCCH+PSSCH using slots with PSFCH resources.
In this way, LTE and NR sidelinks will be TDMed in a dynamic manner. In conclusion, we propose that Rel-18 NR UEs prioritize the use of slots with PSFCH resources whenever LTE transmissions are detected.
[bookmark: _Toc127544620]For dynamic coexistence of NR and LTE SLs, the following pre-configuration is supported:
· [bookmark: _Toc127544621]Rel-18 NR UEs prioritize transmission of PSCCH/PSSCH in slots belonging to a periodically repeating set of slots that are configured with PSFCH resources.
· [bookmark: _Toc127544622]The corresponding SL HARQ FB is also transmitted in slots belonging to the periodically repeating set of slots that are configured with PSFCH resources.
 Table 2. UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4 and in sensing measurement in sidelink transmission mode 3 (part of TS 36.213 Clause 14.1.1.6).
	If partial sensing is not configured by higher layers then the following steps are used:
· 1)	A candidate single-subframe resource for PSSCH transmission [image: ] is defined as a set of [image: ] contiguous sub-channels with sub-channel x+j in subframe [image: ] where [image: ]. The UE shall assume that any set of [image: ] contiguous sub-channels included in the corresponding PSSCH resource pool (described in 14.1.5) within the time interval [image: ] corresponds to one candidate single-subframe resource, where selections of [image: ] and [image: ] are up to UE implementations under [image: ] and [image: ], if [image: ] is provided by higher layers for [image: ], otherwise [image: ]. UE selection of [image: ] shall fulfil the latency requirement. The total number of the candidate single-subframe resources is denoted by[image: ].
· 2)	The UE shall monitor subframes [image: ],[image: ], …, [image: ] except for those in which its transmissions occur, where [image: ] if subframe n belongs to the set [image: ], otherwise subframe [image: ]is the first subframe after subframe n belonging to the set [image: ]. The UE shall perform the behaviour in the following steps based on PSCCH decoded and S-RSSI measured in these subframes.
· 3)	The parameter [image: ] is set to the value indicated by the i-th SL-ThresPSSCH-RSRP field in SL-ThresPSSCH-RSRP-List where [image: ].
· 4)	The set [image: ] is initialized to the union of all the candidate single-subframe resources. The set [image: ] is initialized to an empty set. 
· 5)	The UE shall exclude any candidate single-subframe resource [image: ] from the set [image: ] if it meets all the following conditions:
-	the UE has not monitored subframe [image: ] in Step 2.
-	there is an integer j which meets [image: ] where j=0, 1, …, [image: ], [image: ], k is any value allowed by the higher layer parameter restrictResourceReservationPeriod and q=1,2,…,Q. Here, [image: ] if [image: ] and [image: ], where [image: ] if subframe n belongs to the set [image: ], otherwise subframe [image: ] is the first subframe belonging to the set [image: ] after subframe n; and [image: ] otherwise.
· 6)	The UE shall exclude any candidate single-subframe resource [image: ] from the set [image: ] if it meets all the following conditions:
-	the UE receives an SCI format 1 in subframe [image: ], and "Resource reservation" field and "Priority" field in the received SCI format 1 indicate the values [image: ] and [image: ], respectively according to Subclause 14.2.1.
-	PSSCH-RSRP measurement according to the received SCI format 1 is higher than [image: ].
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]-	the SCI format received in subframe [image: ]or the same SCI format 1 which is assumed to be received in subframe(s) [image: ] determines according to 14.1.1.4C the set of resource blocks and subframes which overlaps with [image: ] for q=1, 2, …, Q and j=0, 1, …, [image: ]. Here, [image: ]if [image: ] and [image: ], where [image: ] if subframe n belongs to the set [image: ], otherwise subframe [image: ]is the first subframe after subframe n belonging to the set [image: ]; otherwise [image: ].
· 7)	If the number of candidate single-subframe resources remaining in the set [image: ] is smaller than [image: ], then Step 4 is repeated with [image: ] increased by 3 dB.
· 8)	For a candidate single-subframe resource [image: ] remaining in the set[image: ], the metric [image: ] is defined as the linear average of S-RSSI measured in sub-channels x+k for [image: ] in the monitored subframes in Step 2 that can be expressed by [image: ] for a non-negative integer j if [image: ], and [image: ] for a non-negative integer j otherwise. 
· 9)	The UE moves the candidate single-subframe resource [image: ] with the smallest metric [image: ] from the set [image: ] to [image: ]. This step is repeated until the number of candidate single-subframe resources in the set [image: ] becomes greater than or equal to [image: ],
· 10)	When the UE is configured by upper layers to transmit using resource pools on multiple carriers, it shall exclude a candidate single-subframe resource [image: ] from [image: ] if the UE does not support transmission in the candidate single-subframe resource in the carrier under the assumption that transmissions take place in other carrier(s) using the already selected resources due to its limitation in the number of simultaneous transmission carriers, its limitation in the supported carrier combinations, or interruption for RF retuning time [10].
The UE shall report set [image: ] to higher layers.


[bookmark: _Ref110938779]Table 3. Configuration of the PRBs used for PSFCH transmission (TS 38.331)
	SL-PSFCH-Config field descriptions

	sl-PSFCH-RB-Set
Indicates the set of PRBs that are actually used for PSFCH transmission and reception. The leftmost bit of the bitmap refers to the lowest RB index in the resource pool, and so on. Value 0 in the bitmap indicates that the corresponding PRB is not used for PSFCH transmission and reception while value 1 indicates that the corresponding PRB is used for PSFCH transmission and reception (see TS 38.213 [13]).

	



It is important to note that the LTE sensing procedure does not operate directly using subframes granularity but rather using “candidate single-subframe resource Rx,y”. That is, the sensing procedure does not sense and eventually exclude entire subframes but “candidate single-subframe resource Rx,y”. The size in frequency of a “candidate single-subframe resource Rx,y” varies (from one to all sub-channels) depending on the desired allocation. To facilitate proper operation of the sensing procedure and exclusion of all the LTE resources in subframes overlapping with NR slots with PSFCH resources it is important that RSSI measurements in all LTE sub-channels reflect the presence of PSFCH transmissions. To this end, one can configure NR PSFCH resources according to LTE SL subchannels such that corresponding to each LTE SL subchannel there is at least one PSFCH resource, as illustrated in Figure 5. Following this way, the measured energy on those subchannels will be relatively higher than for LTE SL subchannels without PSFCH resources, then LTE SL UE excludes those resources for its transmission.
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[bookmark: _Ref127139953]Figure 5: Configuration of NR sidelink such that for each of the LTE subchannels (LTE-1, LTE-2, ...), there is one of the NR PSFCH resources.

[bookmark: _Toc127544616]To facilitate proper operation of the sensing procedure and exclusion of all the LTE resources in subframes overlapping with NR slots with PSFCH resources it is important that RSSI measurements in all LTE sub-channels reflect the presence of PSFCH transmissions.
[bookmark: _Toc127544623]RAN1 assumes that the NR resource pool configuration ensures that every LTE sub-overlaps in frequency with PSFCH resources.
[bookmark: _Toc118725000]



2.1.2	Details of sensing information shared by LTE SL module 
2.1.2.1	Use of information shared by LTE SL module

	Agreement
For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
· The NR SL module excludes resources based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer.
· FFS how to exclude resources at least based on the time and frequency locations of LTE SL transmissions that have been indicated in the shared candidate information.
· FFS how the exclusion is performed according to clause 8.1.4 of TS 38.214.
· FFS: whether/how NR SL module excludes resources not belonging to the generated LTE SL’s candidate resource set SB from its own candidate resource set.



To define the exact procedure for resource exclusion in the above-mentioned dynamic resource pool sharing, it is essential to resolve the FFSs. In this context, it is useful to inspect the resource selection procedures of legacy LTE and NR sidelinks to identify any gaps with respect to the coexistence of NR and LTE sidelinks. 
According to the UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink transmission mode 4 in 3GPP TS 36.213, the UE performs sensing and discard the resources where its own transmissions happen, the resource resources that are not monitored due to the UE transmitting at the same time, and the resources based on SCI and RSRP with PSSCH-RSRP higher than ThprioTx,prioRx as well as the resources corresponding to the periodic reservations of the detected transmissions. Since the LTE SL module does not know the priority of the NR SL transmissions, it cannot exclude the NR SL resources for transmission and may lead to collisions. From the coexistence point of view, NR SL module needs to avoid resources in such instances, however, this could lead to not having enough resources for NR SL. To facilitate this, LTE SL module needs to share with NR SL module the information such as the resources where its own and the other LTE SL transmissions happen regardless of the RSRP of that transmission and resource reservation period for its own and other LTE SL transmissions. 
Similarly, NR SL module applies its resource selection process to identify the resources for its own transmissions. Additionally, the NR module shall exclude any candidate single-slot resource from the set SA based on the resources shared by the LTE module, which can be incorporated before step-5 of the procedure in Section 8.1.4 of TS 38.214. To facilitate the coexistence of LTE and NR sidelinks without having any changes to the legacy LTE SL procedure, NR SL may need to exclude the resources where its own and the other LTE SL transmissions happen regardless of the RSRP of the transmission, which means that LTE SL transmissions regarded with higher priority than NR In terms of resource selection. 

[bookmark: _Toc127544624]For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where  
· [bookmark: _Toc127544625]The NR SL module excludes resources corresponding to its own and the other LTE SL transmissions., based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer. This step can be incorporated in before step 5 of clause 8.1.4 of TS 38.214.

2.1.2.2	Candidate information shared by LTE SL module
	Agreement (cf. RAN1#110-bis-e)
For dynamic resource pool sharing, the candidate information shared by the LTE SL module to the NR SL module may include one or more of the following parameters, to be down-selected:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurement results
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions
· Candidate resource set SA or SB
· SL RSSI measurements
· LTE logical subframe related information
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE




One straightforward approach is to let NR SL module follow the principles of LTE mode 4 resource selection procedure to identify resources of LTE SL transmissions, based on the information received from LTE SL module. In that case, we propose that the candidate information shared by LTE SL module includes the following parameters:
· Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· SL RSRP measurements
· Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· Priority based on decoded SCI and for own LTE SL transmissions
· Time and frequency location of resources used for own LTE SL transmissions

Our rationale is that these parameters are the raw information used by the sensing and resource selection procedures in LTE. The NR module can use them in a similar fashion.
Regarding the rest of parameters:
· For RSSI, it would be good to discuss first whether RSSI based detection is to be used or not.
· LTE logical subframe related information does not need to be exchanged dynamically. It is clear that the information has to be used for determining reserved subframes, etc. But how to do it can be left up to UE implementation.
· Candidate resource set SA or SB – Our view is that this information is too coarse for the NR SL module to make use of it in many cases (e.g., to modify RSRP resources for performing less restrictive resource exclusion, etc. etc.).
· Resources corresponding to half-duplex subframes which are not monitored by the LTE SL UE – This can be easily determined from ‘Time and frequency location of resources used for own LTE SL transmissions’.
[bookmark: _Toc127544626]For dynamic resource pool sharing, LTE SL module shares the candidate information with NR SL module, which includes the following parameters:
· [bookmark: _Toc127544627]Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
· [bookmark: _Toc127544628]SL RSRP measurements
· [bookmark: _Toc127544629]Resource reservation periods based on decoded SCI and for own LTE SL transmissions
· [bookmark: _Toc127544630]Priority based on decoded SCI and for own LTE SL transmissions
· [bookmark: _Toc127544631]Time and frequency location of resources used for own LTE SL transmissions
· [bookmark: _Toc127544632]FFS: RSSI
2.1.2.3	Timeline of information shared by LTE SL module
	Agreement
For dynamic resource pool sharing, the NR SL module is expected to use the information shared by the LTE SL module to the NR SL module which is known by NR SL module at the latest T ms prior to slot n (as defined in clause 8.1.4 of TS 38.214), to determine a set of resources for its own (re)transmission.
· T is defined using 
· T≤Tmax = 4 ms, and is based on UE implementation, according to the Rel-16 NR SL timeline for in-device coexistence.
· FFS: any discussion on the earliest information, if needed.



In the last meeting, there was a discussion about the aging of information provided LTE SL module. If the information provided by the LTE SL module is too old, it may not be effective in resource selection facilitating dynamic resource pool sharing. Therefore, one way to solve this is to impose a constraint about the timeline within which the candidate information shared by the LTE SL module can be regarded as a valid information for resource selection.  
[bookmark: _Toc127544633]For dynamic resource pool sharing, for details regarding the timeline on how the NR SL module uses the information shared by the LTE SL module, the information corresponding to the LTE SL subframes in the interval [n-T0, n-T1] is provided at the time n, where T0 = 1000 ms and T1 = 2 ms.
It is worth to mention that after receiving this information from LTE SL module, NR SL module utilizes within 4 ms to perform the resource selection according to the above mentioned agreement.
2.2 	Higher subcarrier spacing

As per the agreement in RAN1#110 meeting, there are two aspects in the context of higher subcarrier spacing: a) whether to support higher SCS than 15 kHz in the context of LTE and NL SL coexistence b) if higher SCS is supported, how to resolve AGC issue caused by the different SCSs in LTE SL and NR SL. 

	Agreement
· For co-channel coexistence in Rel-18, dynamic resource pool sharing is studied, with the following constraints:
· NR SL resource pool is configured with 15 kHz SCS.
· FFS support of NR SL resource pool configured with higher SCS, including other solutions to overcome the AGC issue caused by the differing SCSs between the NR SL and LTE SL resource pools
· For NR PSFCH (if configured), at least the following alternatives are studied:
· Alt 1: Avoid PSFCH transmission in time slots that overlap with subframes used for LTE SL transmissions.
· FFS: Avoiding PSFCH transmissions can be performed by the UE transmitting PSFCH and/or the UE transmitting PSSCH.
· Alt 2: NR SL UEs use a periodically repeating set of PSFCH slots.
· FFS: periodicities of the set.




Before highlighting the limitations of solutions for AGC issues due to the difference between SCSs of LTE SL and NR SL, it is worth to recall from 3GPP TS 38.331 that within the information element (IE) of SidelinkPreconfigNR-r16, only one SL-FreqConfig can be configured in the list. Further, within the IE of SL-FreqConfig-r16, only one BWP is allowed to be configured for NR sidelink communication and only one SCS-SpecificCarrier is allowed to be configured for NR sidelink communication. Altogether, there exist only one SCS and BWP combination in operation, and it is not possible to support two SCSs, e.g., 15 kHz and 30 kHz on the same BWP in NR sidelink. Also, framework for the coexistence of NR SL with 15 kHz and LTE SL with 15 kHz is still being discussed, which cannot be straightforwardly applied for the coexistence of NR SL with 30 kHz and LTE SL with 15 kHz.  Specifically, there would be AGC issues due to the different SCSs in LTE SL and in NR SL. 
While different options were discussed in the previous meeting, each option has its own limitation as summarized below:
· Use of multi-slot transmissions or slot aggregation, where the NR SL transmissions of higher SCSs occupy all symbols (across multiple time slots) within a LTE SL subframe of 15 kHz at least when the NR SL transmission overlaps an LTE SL transmission (cf. option 1 in [2]). For 30 kHz SCS, one way to utilize multi slot transmissions is to schedule two transport blocks (MCSt) in two adjacent slots such that they align with one subframe of LTE SL. But this is not a standalone solution, and the UE must have sufficient data in the buffer to use two HARQ processes. Moreover, in practice, there can be situations that one transport block is successfully received and the other may not successfully decoded. In such cases, only one transport block needs to be retransmitted. Again, in this case AGC issue arises. Alternatively, the same transport block is repeated across two slots, which reduces resource utilization efficiency and defeats the purpose of higher SCS in terms of reduced latency. Instead, one can simply rely on 15 kHz SCS for NR SL. Further, if we consider system-wide operation, AGC issue may still occur if the aggregation level across different UEs is not the same.  As pointed out by several companies in the previous meeting, altogether, this option represents a significant change with respect to Rel.16 and Rel.17, which do not support combination of blind retransmissions with feedback-based retransmission. Thus, this requires a lot of work with respect to resource selection framework, rate matching, slot structure related to gap symbols, etc. [2].
· NR SL UE uses the information shared by the LTE SL module in its own resource selection procedure to exclude slots overlapping with LTE SL transmissions (cf. option 3 in [2]). Such changes in Rel.18 resource selection with respect to 30 kHz SCS may be useful to communicate with Rel.18 devices but may not be effective if NR SL module on a type A device (Rel. 18) needs to communicate with a NR SL Rel.16/Rel.17 device due to lack of backward compatibility. Further, this resource selection process may yield excessive resource exclusion as discussed in [2]. 

Since there is no explicit mandate to support the coexistence of release 16/17 NR SL UE operating over 30 kHz and LTE SL operating over 15 kHz SCS and WID stresses that the dynamic resource pool sharing coexistence is for Type A devices and operating combination A with high priority, we propose to limit the SCS to 15 kHz.
[bookmark: _Toc127544634]Only 15 kHz SCS is considered for dynamic resource pool sharing based coexistence.

3 	Synchronization for coexistence
In the previous RAN WG1#110 meeting, it was concluded that Rel-16 in-device coexistence framework can ensure alignment between the slot boundary of the NR SL time slot and the subframe boundary of the LTE SL subframe in the context of coexistence between LTE-V UEs and NR-V UEs through TDM-based semi-static resource pool partitioning. 
At least for the case of the same subcarrier spacing of 15 kHz (which is the basis of our Observation 8) and same synchronization source of GNSS in LTE and NR (µ=0), there is no difference in the expressions of DFN (direct frame number) in both radio access technologies, and hence, it is straightforward to have the alignment between the boundaries of LTE SL sub-frame and NR SL slot. 
Alternatively, if the synchronization sources are different in both radio technologies (e.g., different synchronization priorities), then there may be misalignment of time boundaries depending on the synchronization source in each case. We discuss below the feasible solutions to address this issue w.r.t. Type A devices:
· In cases where a) LTE UE is synchronized to GNSS while NR UE is synchronized SLSS originating from a UE connected to GNSS, b) LTE UE is synchronized to SLSS originating from a UE connected to GNSS while NR UE is synchronized to GNSS, and c) both LTE and NR UEs are synchronized to SLSSs originating from UEs connected to GNSS, the UEs are synchronized to GNSS either directly or indirectly and thus there is no issue.

· In cases where d) LTE UE is synchronized to GNSS, and NR UE is synchronized to SLSS originating from a UE that is synchronized to other than GNSS, e) LTE UE is synchronized to SLSS originating from a UE connected to other than GNSS while NR UE is synchronized to GNSS and f) LTE and NR UEs are synchronized to SLSSs originating from UEs connected to other than GNSS, new solution is required to make sure the successful operation of coexistence. That is, to enable that the NR SL relies on the synchronization source of LTE SL. This can be possible among type-A devices consisting of both NR and LTE SL modules. 

· In case where g) LTE UE is synchronized to SLSS originating from a UE that is connected to other than GNSS while NR UE is either synchronized to GNSS or synchronized to SLSS originating from a UE connected to GNSS, a new solution is required to make sure the successful operation of coexistence. Potential options include:
· 1) NR UE follows LTE SLSS or 2) NR UE transmits LTE SLSS, which can be easily possible among type-A devices.

To summarize, the defined synchronization issue can be resolved when all NR UEs are type-A devices and if all UEs (including LTE legacy and NR release-18) rely on LTE SLSS.

[bookmark: _Toc127544635]RAN1 specifies for type-A devices to follow LTE SLSS, if available, in the context of coexistence between LTE and NR sidelinks.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Multiple pre-configuration options can be utilized to facilitate the PSFCH transmissions during the dynamic resource pool sharing of LTE and NR SL UEs, while the UE is configured explicitly to perform one pre-configuration actively.
Observation 2	In some cases, the mismatch between logical and physical slots can make a problem in detecting periodic PSFCH transmission and in some cases, there is none or minimum impact.
Observation 3	LTE Resource exclusion based on RSSI averages may successfully exclude resources in subframes overlapping with NR slots configured with PSFCH.
Observation 4	For correct coexistence between NR and LTE sidelinks, NR UEs should prioritize transmitting PSCCH+PSSCH using slots with PSFCH resources.
Observation 5	To facilitate proper operation of the sensing procedure and exclusion of all the LTE resources in subframes overlapping with NR slots with PSFCH resources it is important that RSSI measurements in all LTE sub-channels reflect the presence of PSFCH transmissions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For dynamic resource pool sharing, in NR SL resource pools with PSFCH configured and when HARQ-ACK is enabled, based on (pre-)configuration, when PSFCH resources overlap with resources to be used for LTE SL transmissions in the time domain, the NR SL TX UE always avoids selecting resources for PSCCH/PSSCH transmissions with the overlapping PSFCH resources and/or NR SL RX UE does not transmit on the overlapping PSFCH resources.
Proposal 2	The mismatch between logical and physical slots is avoided by using an appropriate (pre-)configuration for NR SL (resource pool, SLSS, etc.).
Proposal 3	In each PSFCH occasion, PSCCH/PSSCH RX UE transmits PSFCH (equivalently, does not avoid the PSFCH transmissions) only if there exists an alignment between logical and physical slots with respect to PSFCH slot.
Proposal 4	For dynamic coexistence of NR and LTE SLs, the following pre-configuration is supported:
	Rel-18 NR UEs prioritize transmission of PSCCH/PSSCH in slots belonging to a periodically repeating set of slots that are configured with PSFCH resources.
	The corresponding SL HARQ FB is also transmitted in slots belonging to the periodically repeating set of slots that are configured with PSFCH resources.
Proposal 5	RAN1 assumes that the NR resource pool configuration ensures that every LTE sub-overlaps in frequency with PSFCH resources.
Proposal 6	For dynamic resource pool sharing, the NR SL module uses the candidate information shared by the LTE SL module to the NR SL module, where
	The NR SL module excludes resources corresponding to its own and the other LTE SL transmissions., based on the shared information from its own candidate resource set when performing the resource (re)selection procedure in the PHY layer. This step can be incorporated in before step 5 of clause 8.1.4 of TS 38.214.
Proposal 7	For dynamic resource pool sharing, LTE SL module shares the candidate information with NR SL module, which includes the following parameters:
	Time and frequency locations of reserved resources by other LTE UEs, determined based on decoded SCIs
	SL RSRP measurements
	Resource reservation periods based on decoded SCI and for own LTE SL transmissions
	Priority based on decoded SCI and for own LTE SL transmissions
	Time and frequency location of resources used for own LTE SL transmissions
	FFS: RSSI
Proposal 8	For dynamic resource pool sharing, for details regarding the timeline on how the NR SL module uses the information shared by the LTE SL module, the information corresponding to the LTE SL subframes in the interval [n-T0, n-T1] is provided at the time n, where T0 = 1000 ms and T1 = 2 ms.
Proposal 9	Only 15 kHz SCS is considered for dynamic resource pool sharing based coexistence.
Proposal 10	RAN1 specifies for type-A devices to follow LTE SLSS, if available, in the context of coexistence between LTE and NR sidelinks.
[bookmark: _In-sequence_SDU_delivery]References
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