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Introduction
[bookmark: _Hlk525462591]In RAN Meeting #94e, the New WID on NR sidelink evolution was agreed including the following objective for operation of sidelink in unlicensed spectrum [1]:
	2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this contribution, we give an overview of regulatory requirements for operation in unlicensed spectrum, potential implications to the channel access for SL-U communication.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Regulatory requirements and their implications

Power Spectral Density and Occupied Channel Bandwidth
Regulatory requirements of unlicensed bands depend on frequency band and region. The requirements may include requirements on co-existence mechanisms, as well as limitations on EIRP, PSD, channel occupancy time, occupied channel BW, dwell time, etc. Regulations also evolve constantly. Also new bands may be opened for unlicensed use with regulatory requirements defined considerably later. SL-unlicensed should also act as a good neighbor behavior towards legacy systems, which in some cases may mean a co-existence mechanism developed beyond the requirements of regulatory bodies. On the other hand, we see that SL-unlicensed should be able to meet a wide set of regulatory requirements. This of course requires a careful balance between wide applicability of NR unlicensed and increased system complexity that most likely needs to be considered case by case. 
[bookmark: Proposal90670]Proposal 1: Aim for a generic and future-proof SL unlicensed framework supporting spectrum access on different regulatory regions and candidate bands. 
It is noted that PSD and/or EIRP density have strict limitations in several regulations. The regulatory limit on 5GHz band may be as low as 10 dBm/MHz meaning that transmission power is severely limited for transmissions with narrow bandwidth. This presents a challenge for channels and signals with reduced spectrum allocation such as PSFCH, S-PSS, P-SSS, PSBCH and occasionally also PSSCH. These channels are critical for SL operation and therefore can limit the achievable communication range. Hence it is evident that PSD limitation needs to be addressed during the work. The obvious challenge in supporting high transmission power under strict PSD limit for small payload signals is to find a design that uses resources efficiently. Hence, we see that efficient resource usage should be one of the key design criteria.    
[bookmark: Obs16416]Observation 1: Modifications need to be considered for some of the SL channels / signals to support high transmission power under PSD limits. Efficient resource usage will be one of the key design criteria. 
For Europe, ETSI harmonized standards have explicit requirements on the occupied channel BW (OCB). It is required that the occupied channel BW shall be at least 80% of Nominal Channel BW for 5 GHz bands, respectively. NR channels and signals that may be transmitted alone need to be able to fulfil the OCB requirement. This means that for some of the NR channels / signals new wide BW variants fulfilling the OCB requirement need to be designed. 
However, it should be also noted that on the 5 GHz bands the transmission BW may temporarily be less than 80% of the Nominal Channel BW during a channel occupancy time, with a minimum BW being 2 MHz. We see that the potential benefits from this allowance should be explored. For example, a wide BW variant of a SL signal may use resources less efficiently than the original SL signal. In such case, the wide BW variant could be used only when OCB requirement needs to be met by the signal, and more efficient Rel-16 SL signal would be used otherwise.    
[bookmark: Obs16417]Observation 2: Wide bandwidth versions need to be designed for some of the SL channels / signals to fulfil the 80% occupied channel BW (OCB) requirement. However, this requirement is not applicable in all regulatory regions and in those cases Rel-16 SL channels / signals may be used.
[bookmark: Proposal90671]Proposal 2: Define interlaced versions of necessary channels and signals to meet OCB requirement and ensure large enough TX power, following the principles of Rel-16 NR-U.
Channel Access Procedures
Co-existence mechanism based on energy-detection listen-before-talk (LBT) procedure is required in some regions / bands and, hence, needs to be included in the SL unlicensed concept. Further, beyond regulatory requirements, NR SL-U should operate as a “good neighbor” towards all legacy systems, for example, NR-U, WiFi variants and LTE LAA. Energy detection based LBT procedure is simple and efficient mechanism for that. As noted in the WID, channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation.
Potential further adjustments for channel access mechanism may be considered during the work item. One obvious difference compared to NR-U is that while NR-U channel access procedures have been described such that gNB is always either the initiating or the responding device, the same is no longer the case in SL-U. To avoid excessive changes to TS 37.213, we propose to re-use the existing channel access mechanisms as much as possible, such that the sidelink Tx UE follows the DL channel access procedures in 37.213 (i.e. assumes the role of gNB from channel access point of view), and correspondingly, the Rx UE follows the UL channel access procedures. Necessary deviations from this principle can be considered on a per need basis. 
[bookmark: Obs16418]Observation 3:	Channel access mechanisms defined for NR-U in TS 37.213 can be largely re-used with SL-U, such that the role of TX UE is similar to gNB, and the role of RX UE is similar to UE. 
NR-U specified support for two types of channel access schemes:
· Dynamic channel access (Load-based Equipment in ETSI EN 301 893)
· Semi-static channel access (Frame Based Equipment in ETSI EN 301 893)    
The two channel access schemes target different deployment scenarios. Dynamic channel access is the more widely deployed option and allows for accessing the channel at any point in time, provided that the channel has been sensed to be vacant according to specific channel access procedures. Semi-static channel access, on the other hand, relies on simpler periodic channel sensing, where during a given fixed frame period there is only one opportunity to access the channel. Due to these fundamental differences, semi-static channel access is usually only deployed in a controlled environment, where interference from other systems is not expected to occur. Considering the wide range of use cases and deployments for SL-U we see that both these channel access mechanisms should also be supported in case of SL-U.
[bookmark: Proposal90672]Proposal 3: SL-U supports both dynamic (LBE) as well as semi-static (FBE) channel access mechanisms.
When operating at 5 or 6 GHz unlicensed bands, all transmissions are typically subject to channel sensing (LBT). There is one exception though: Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals. According to ETSI EN 301 893, the use of Short Control Signalling Transmissions is constrained as follows: 
· within an observation period of 50 ms, the number of Short Control Signalling Transmissions by the equipment shall be equal to or less than 50; and 
· the total duration of the equipment's Short Control Signalling Transmissions shall be less than 2 500 µs within said observation period.
NR-U and LTE-LAA also partially make use of this allowance to transmit discovery bursts / SSBs, but to ensure fair co-existence in all cases, they still apply LBT Type 2A (25 us LBT). However, in some use cases where the presence of other technologies is not expected, such as the V2X use cases as these are for traffic safety then the application of LBT Type 2A might not be necessary. 
[bookmark: Proposal90673]Proposal 4: Transmission of selected signals/channels is allowed as short control signals.
Because of the listen-before-talk requirements, when operating on unlicensed spectrum there will be some uncertainty on whether a given transmission can take place when intended, or not. This is affecting especially procedures where fixed timing relationship is assumed between two or more transmissions. Such procedures include at least HARQ, synchronization and semi-persistent PSCCH/PSSCH transmissions. 
[bookmark: Obs16419]Observation 4: Because of LBT requirement, transmissions cannot always happen when intended.
In NR-U, specific enhancements have been specified to mitigate the impact of LBT-related uncertainty: 
· Means for transmitting HARQ-ACK feedback later than in slot n+K1 (Type 3 HARQ-ACK codebook, non-numerical K1 values…).
· Multiple transmission opportunities for SSBs (Discovery burst transmission window).
· Additional durations for Type-B PDSCH allocations.
In our view, it makes sense to consider similar scenarios also in SL-U to ensure that LBT failures do not unnecessarily harm the system operation.
[bookmark: Proposal90674]Proposal 5: Study and specify changes to SL-U procedures to mitigate the impact of uncertainty due to LBT in accessing the channel considering at least HARQ, S-SS/PSBCH transmission, semi-persistent PSCCH/PSSCH, etc, if necessary. 
COT sharing principles
When a device initiates the communication (i.e. the device takes the role of initiating device), then this device has to acquire the “right” to access the channel for a certain period of time – denoted in the regulations as the Channel Occupancy Time (COT) – by applying an “extended” LBT procedure where the channel must be deemed as free for the entire duration of a Contention Window (CW). This “extended” LBT procedure, is commonly known as LBT Type 1 as specified in TS 37.213. This procedure is illustrated in Figure 1.
[image: ]
[bookmark: _Ref102170059]Figure 1: Acquisition of the COT by an initiating device via LBT Type 1.
The duration of both the COT and CW depends on the Channel Access Priority Class (CAPC) associated with the device’s traffic and is provided TS 37.213. The device initiating the transmission (the initiating device) upon successfully completing the LBT Type 1 and performing a transmission, acquires the COT with duration associated with the corresponding CAPC. The acquired COT is valid even in the case where the initiating device pauses its transmission, although if the initiating device wants to perform a new transmission (within the COT) it is still required to perform a “reduced” LBT procedure. This “reduced” LBT procedure, is commonly known as LBT Type 2 [TS 37.213], with the following variants:
· Type 2A (25 µs LBT) – for SL transmissions within the initiating device acquired COT (in case the gap between two SL transmissions is >16 µs (in practice, in this situation the gap is always ≥ 25 µs), as well for SL transmissions following another SL transmission), depicted in Figure 2 (c) and (f);
· Type 2B (16 µs LBT) – for SL transmission within the initiating device acquired COT (can only be used for SL transmissions following another SL transmission with gap exactly equal to 16 µs), depicted in Figure 2 (b) and (e);
· Type 2C (no LBT) – can only be used for SL transmission following another SL transmission, with a gap < 16 µs and the allowed duration of the SL transmission ≤ 584 µs), depicted in Figure 2 (a) and (d).

[image: ]
[bookmark: _Ref101528976]Figure 2: Illustration of the allowed gaps for which LBT Type 2 variant to be applicable: (a) and (d) LBT Type 2C; (b) and (e) LBT Type 2B; (c) and (f) LBT Type 2A. (a), (b). and (c) shows the case where the gap is between the two transmissions both from the initiating UE, while (d), (e), and (f) show the case that the gap is between the two different transmissions from the initiating UE and the responding UE correspondingly).
In NR-U the initiating device can share its acquired COT with its intended receiver (the responding device). For this purpose, the initiating device shall inform (e.g. via control signaling) the responding device about the duration of this COT. The responding device uses then this information to decide which type of LBT it should apply upon performing a transmission for which the intended receiver is the initiating device. In case the responding device transmission falls outside the COT, then the responding device will have to acquire a new COT using the LBT Type 1 with the appropriate CAPC.
These COT sharing principles can be applied to SL-U. However, it is not clear in SL how restrictive should the relation between initiating device and responding device be. For example, an initiating device when sharing the COT is expected to do it so via control signaling, which in SL can be conveyed in the 1st stage, 2nd stage SCIs and/or MAC CE. However, any device in the proximity of the initiating device will be able to receive and decode the 1st stage, 2nd stage SCIs and MAC CE of the initiating device transmission even if it is not the intended receiver; and therefore, the COT sharing information is available to any of these devices.
[bookmark: Obs16420]Observation 5: Any SL device can receive and decode content all the way to the MAC CE level, therefore the COT sharing information would be available to any device in proximity of the COT initiating device.
Having the COT sharing information available then a device can potentially take the role of responding device and attempt to access the channel in the following cases:
a. To perform a unicast transmission towards the initiating device;
b. To perform a groupcast transmission towards the initiating device and any other device in the responding device proximity that it is part of the groupcast group;
c. To perform a broadcast transmission towards any device in the responding device proximity (including the initiating device);
d. To perform unicast transmission towards another device other than the initiating device;
e. To perform a groupcast transmission towards any device in the proximity of the responding device other than the initiating device.

From all these cases, only for case a) is clear. The other cases need further discussion in RAN1.
[bookmark: Proposal90675]Proposal 6: RAN1 to discuss the conditions that allow a SL-U device to take the role of responding device.
Wideband Operation for SL-U
For the purpose of channel access in unlicensed spectrum, the band or overall spectra is divided into 20MHz chunks of spectrum, denoted as the LBT bandwidth. However, in NR-U the wideband operation support was specified by allowing access to more than one 20MHz LBT bandwidth chunk, via either a carrier-aggregation (CA) based approach, or a non-CA based approach. According to the WID, wideband operation support for SL-U based on CA is put on hold until further check during RAN#97. Therefore it is proposed that the non-CA based approach for support of wideband operation for SL-U should be discussed first.
[bookmark: Proposal90676]Proposal 7: RAN1 should prioritize discussion on non-CA based approach for support of wideband operation in SL-U.
Considering of the non-CA based approach, currently in NR-U, the wideband carrier can be split into sets of resource-blocks, e.g. with each resource-block corresponding to the LBT bandwidth of 20MHz. Moreover, a guard band between these LBT bandwidth chunks can be configured via RRC signaling, such that the transmission interference between resource-blocks can be avoided without the need of filtering. And for DL transmission, at least one CORESET can be configured within each resource-block. And depend on the outcome of LBT on each of the resource-block, if LBT successful on certain resource-block(s), one or more of consecutive resource-blocks can be used for DL transport block transmission, whereas for UL transmission as specified in NR-U, the UE needs to succeed LBT on all resource-blocks for UL transport block transmission, otherwise the corresponding PUSCH is dropped. 
For SL-U, the same non-CA design methodology can be considered, i.e. splitting of a wideband carrier into sets of resource-blocks with configured of guard band in between, configuration of control channel PSCCH on each resource-block, and SL transport block transmission conducted on some or all resource-blocks depends on the LBT outcome.
[bookmark: Proposal90677]Proposal 8: RAN1 to consider adopting in SL-U the same design methodology for non-CA based wideband operation as defined in NR-U.
SL resource allocation 
SL transmissions are allocated over a set of time-frequency resources defined as a Resource Pool. The resource pool is preconfigured within a SL BWP. The SL BWP configuration includes which symbols of the slot can be used for SL communication, meaning that a SL slot may contain gaps where SL transmission cannot be present. Also, the resource pool can have contiguous or non-contiguous resources in time domain. In frequency, the resources are defined in sub-channels formed by contiguous PRBs. SL design includes the following mechanisms for allocating the resources from a resource pool.
· Mode 1
· In this mode, the gNB, triggered e.g. by a SL SR or SL BSR from a UE, provides a dynamic grant for SL transmissions through DCI format 3_0 for the UEs which are in RRC_CONNECTED state. The grant can allocate resources for up to 3 transmissions of a same transport block.
· Alternatively, one or multiple configured grant configurations of periodic resources are provided via RRC. Both configured grant type 1 (fully RRC configured and activated) and type 2 (activated via DCI) are supported. 
· Mode 2: 
· In this mode, the UE selects the resources for a preconfigured maximum number of transmissions (blind or HARQ based retransmissions) of a same transport block
· UE can also reserve resources for future transport blocks by indicating a resource reservation period indicated in the 1st stage SCI.
· The UE should reserve the resources within a selection window which the interval is limited by the remaining packet delay budget. 
· The UE typically follows a sensing-based approach for selecting the resource, i.e., it first identifies the candidate resources in the selection window (by excluding resources indicated in a received SCI and which the SL-RSRP are higher than a threshold) and then selects randomly from the set of candidate resources.
SL-U should be supported for in-coverage and out-of-coverage UEs, therefore both mode1 and mode2 should be supported. As per WI scope, Uu operation for mode 1 is limited to licensed spectrum only, therefore SL SR, DCI transmission or RRC resource configuration may not be affected by unlicensed channel access. While control and data channels (SL SSB, PSCCH, PSSCH, PSFCH, etc) when transmitted on unlicensed spectrum should of course follow unlicensed channel access procedures either in mode 1 or mode 2. 
In one hand the LBT type of channel access procedures as adopted in NR-U are designed for collision avoidance and fair coexistence with other RATs which use asynchronous channel access. On the other hand, the Mode 2 sensing-based procedures are designed for coordinating the resource allocation in a distributed way among SL UEs transmitting in a frame-based structure. This means that these mechanisms may not fully replace each other, on the contrary, they should operate together. However, issues may arise if existing SL resource allocation procedure does not consider the channel access mechanism in place.
[bookmark: Proposal90678]Proposal 9: RAN1 should study the impact of LBT on the resource allocation mode 1 and 2.
Evaluation scenarios and methodology
In order to evaluate the impact of channel access mechanism and performance of SL-U, common assumptions for evaluation scenarios and methodology should be defined. 
Potential use cases for SL-U include public safety and advanced V2X services. As an example, the use of FR1 unlicensed bands should be especially attractive for high data rate V2X applications, such as high-resolution maps sharing and sensors information exchanging, as well as an alternative in regions where is being considered a reduction of ITS band [2]. Therefore, in our view, it makes sense to consider V2X deployment scenarios in the SL-U evaluation. As a starting point, the evaluation methodology can be based on TR 37.885. Periodic and aperiodic traffic types with different traffic intensity as defined for V2X studies can be reused as baseline. Average packet reception ratio (PRR) can be used as performance metric and packet Inter-Reception (PIR) can be used as basic performance metrics, while other metrics such as throughput and latency can be optionally considered.
[bookmark: Proposal90680]Proposal 10: V2X scenario is included as baseline evaluation scenario for SL-U. Evaluation methodology based on TR 37.885 is followed as a starting point.
For ensuring fair coexistence with other RATs operating in the unlicensed band, baseline NR-U channel access schemes should be assumed for SL-U evaluation, as they comply with common regulations for unlicensed spectrum operation. These include channel access Type 1 and Type 2A/2B/2C, as defined in TS 37.213. It is out of the scope of this work to define new mechanisms for coexistence with other RAT operating in unlicensed spectrum.
[bookmark: Proposal90681]Proposal 11: Type 1 and Type 2A/2B/2C channel access mechanism are assumed for evaluation of SL-U to ensure fair coexistence with other RAT. 
Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we made the following observations and proposals:
Proposal 1: Aim for a generic and future-proof SL unlicensed framework supporting spectrum access on different regulatory regions and candidate bands. 
Observation 1: Modifications need to be considered for some of the SL channels / signals to support high transmission power under PSD limits. Efficient resource usage will be one of the key design criteria. 
Observation 2: Wide bandwidth versions need to be designed for some of the SL channels / signals to fulfil the 80% occupied channel BW (OCB) requirement. However, this requirement is not applicable in all regulatory regions and in those cases Rel-16 SL channels / signals may be used.
Proposal 2: Define interlaced versions of necessary channels and signals to meet OCB requirement and ensure large enough TX power, following the principles of Rel-16 NR-U.
Observation 3:	Channel access mechanisms defined for NR-U in TS 37.213 can be largely re-used with SL-U, such that the role of TX UE is similar to gNB, and the role of RX UE is similar to UE. 
Proposal 3: SL-U supports both dynamic (LBE) as well as semi-static (FBE) channel access mechanisms.
Proposal 4: Transmission of selected signals/channels is allowed as short control signals.
Observation 4: Because of LBT requirement, transmissions cannot always happen when intended.
Proposal 5: Study and specify changes to SL-U procedures to mitigate the impact of uncertainty due to LBT in accessing the channel considering at least HARQ, S-SS/PSBCH transmission, semi-persistent PSCCH/PSSCH, etc, if necessary. 
Observation 5: Any SL device can receive and decode content all the way to the MAC CE level, therefore the COT sharing information would be available to any device in proximity of the COT initiating device.
Proposal 6: RAN1 to discuss the conditions that allow a SL-U device to take the role of responding device.
Proposal 7: RAN1 should prioritize discussion on non-CA based approach for support of wideband operation in SL-U.
Proposal 8: RAN1 to consider adopting in SL-U the same design methodology for non-CA based wideband operation as defined in NR-U.
Proposal 9: RAN1 should study the impact of LBT on the resource allocation mode 1 and 2.
Proposal 10: V2X scenario is included as baseline evaluation scenario for SL-U. Evaluation methodology based on TR 37.885 is followed as a starting point.
Proposal 11: Type 1 and Type 2A/2B/2C channel access mechanism are assumed for evaluation of SL-U to ensure fair coexistence with other RAT. 
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