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One of RAN Rel-18 NR work items is NR sidelink evolution. The work item descriptions of NR sidelink evolution are in [1]. In this RAN1-led work item, there are four RAN1 objectives: sidelink CA, sidelink on unlicensed spectrum, sidelink operation on FR2 licensed spectrum and co-channel coexistence for LTE sidelink and NR sidelink. 

In this contribution, we present our views on sidelink on unlicensed spectrum.
Discussion 
It is mentioned in WID [1] that there is growing interest in the industry to expand the applicability of NR sidelink to commercial use cases. For commercial use cases, one of the key requirements is support of new carrier frequencies for sidelink. Following this justification, Rel-18 NR sidelink evolution has an objective to study and specify sidelink on unlicensed spectrum. Two main aspects of this objective are channel access mechanisms and physical channel design framework. It is clarified that this study should focus on FR1 unlicensed bands, since sidelink operations on FR2 licensed spectrum is a separate objective in Rel-18 NR sidelink evolution. 
It is mentioned in WID [1] that, for sidelink on unlicensed spectrum, “The study should focus on FR1 unlicensed bands (n46 and n96/n102)”.  Band n46 and band n96/102 are all high frequency bands above 5GHz which may have much worse coverage compared to medium/low frequency band. 
For NR V2X, the coverage requirement is up to 1 km as in [2]. Furthermore, there exists usage scenario requiring larger sidelink coverage [3]. It is observed [4] that at 5.9 GHz ITS band, the sidelink NLOS pathloss at 1 km is more than 145 dB at 90 percentiles. Additionally, considering sidelink receiver is likely a normal UE, the receiver performance of sidelink is generally not as good as that of uplink. For example, the gNB antenna gain is much larger than a normal UE and gNB noise figure is smaller than a normal UE. Hence, we think the sidelink coverage requirement is not easily satisfied with the current NR sidelink design. 
It is well known that the pathloss depends on carrier frequency. The lower the carrier frequency, the smaller the pathloss. For example, the free-space pathloss formula is given by 
.
To support the required sidelink coverage, it is desirable to have sidelink operations on lower frequency bands, e.g., unlicensed bands.
Besides NR frequency band n46 and band n96/102, other unlicensed bands exist including 2.4 GHz band and 900 MHz band in region 2, etc. Both 2.4 GHz unlicensed band and 900 MHz unlicensed band can potentially offer much better coverage for sidelink communication compared to above 5GHz frequency bands, due to the more favorable radio propagation. In our view, there are already large enough demand for commercial devices that can be connected by device-to-device communication, i.e., sidelink communication. The demand for device-to-device communication is not only focused on high data rate, but for certain services, extended coverage is more important design goal. With this in mind, we think it is important to consider enabling sidelink operation in medium to low unlicensed frequency band. 
In the next two subsections, we will briefly investigate the potential work needed for RAN WG to enable the sidelink operation in medium (e.g., 2.4 GHz) and low (e.g., 900 MHz) unlicensed frequency band. 
2.1 Sidelink operation in 2.4 GHz unlicensed band 
In the 2.4 GHz ISM band, each channel is of 20 MHz bandwidth, similar to NR bands 46 and 96/102. The regulatory requirements (e.g., LBT, OCB, PSD requirements) for the operations on 2.4 GHz ISM band are also similar to NR bands 46 and 96/102, e.g., at least for digital modulation. 
Once the mechanism of sidelink operation on unlicensed spectrum for NR bands 46 and 96/102 is designed in Rel-18, its extension to 2.4 GHz band seems to have limited specification impact. One possible standards effort is to define such an unlicensed band in RAN4. 
We do notice that one reason why 2.4 GHz band was not considered for sidelink operation is because this band is not supported in LAA/NR-U. In other words, Uu link does not use this band, probably due to the crowded usage of this band by other RATs like WiFi. Cellular base station is likely deployed in a location with users of other RATs like WiFi in the coverage. 
However, sidelink communication targets a different type of communication, e.g., device-to-device. First of all, the communication range may still be limited compared to NR-U deployment. Secondly, for device-to-device communication, the probability of collision with other device-to-device communication is likely to be smaller, especially for certain services in need of sidelink coverage enhancement. Furthermore, WiFi device-to-device communication is already supported in 2.4 GHz unlicensed band, 3GPP should consider having a competitive solution by allowing sidelink operation in the same band.
2.2 Sidelink operation in 900 MHz unlicensed band
In the 900 MHz ISM band (902-928MHz), total 26 MHz bandwidth is available. Based on FCC 15.247 [5], operation under the provisions of frequency hopping, digital modulation or hybrid system are allowed. For digital modulation, the requirements are:
· The minimum 6 dB bandwidth shall be at least 500 kHz.
· Maximum conducted power: 1 Watt. 
· Power spectrum density of 8 dBm in any 3 kHz band during any time interval of continuous transmission.

When operating under digital modulation provision, the FCC requirements [5] have little or no RAN WG impact to enable sidelink operation in 900 MHz. We also understand that co-existence with other RATs (e.g., 802.11ah) needs to be considered which can be further investigated. 
 
Overall, we believe sidelink operation in medium to low unlicensed frequency bands including 2.4 GHz and 900 MHz ISM band can significantly improve the device-to-device communication range, and as results, offer more versatile commercial use case. The additional work needed on top of designing sidelink operation for NR bands 46 and 96/102 is also limited and manageable. Hence, we propose that in Rel-18 NR sidelink evolution, the sidelink operations in unlicensed spectrum should not be restricted to NR bands 46 and 96/102. It could be further extended to other unlicensed band, especially in medium to lower frequency bands.   

Proposal 1: 3GPP considers supporting sidelink operations in unlicensed spectrum in lower frequency bands, e.g., 2.4GHz unlicensed band and/or 900MHz unlicensed band.
Conclusion
Based on the discussion above, we have the following proposal.
Proposal 1: 3GPP considers supporting sidelink operations in unlicensed spectrum in lower frequency bands, e.g., 2.4GHz unlicensed band and/or 900MHz unlicensed band.
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