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Introduction

In RAN#94e meeting, a new WID had been approved. And in RAN#95e meeting, this WID had been revised as the following:[1]
	Objective of SI or Core part WI or Testing part WI

To check in RAN#97 for objectives 1 and 3, taking into account the progress on objectives 2 and 4, aiming to have specification work for both objective 1 and 3.

Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4] (This part of the work is put on hold until further checking in RAN#97)

Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, handling the limited capability, power control for simultaneous sidelink TX, packet duplication)

The work is limited to FR1 licensed spectrum and ITS band in FR1.

No specific enhancements of Rel-17 sidelink features with sidelink CA support.

This feature is backwards compatible in the following regards

A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)

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.

Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum

The existing NR sidelink and NR-U channel structure shall be reused as the baseline.

No specific enhancements for existing NR SL feature

The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this contribution, we focus on the physical channel design for sidelink in unlicensed spectrum, including regulatory requirements and their impacts to physical channel and physical procedure.
Discussion
Regulatory requirements
In ETSI EN 301 893 [2], the “Nominal Channel Bandwidth” is defined as the widest band of frequencies, inclusive of guard bands, assigned to a single channel. And the “Nominal Channel Bandwidth” for a single operating channel shall be 20 MHz. Meanwhile, the “Occupied Channel Bandwidth” (OCB) is defined as the bandwidth containing 99% of the power of the signal. During channel occupancy time (COT), the equipment is required to operate at the occupied channel bandwidth (OCB), which is 80 % to 100 % of the nominal channel bandwidth. 
Observation 1: OCB requirement ( >80% ) should be fulfilled for transmission in unlicensed spectrum in some regions.
Operating on unlicensed spectrum requires meeting regulatory requirements. These requirements include not only limits on the maximum output power that an equipment may use, but also limits on the maximum power spectral density. In TR 38.889 [3], the regulatory requirements on the maximum output power and the maximum power spectral density (PSD) are summarized.
For region 1, the limits on the transmit power control (TPC), the RF output power and power density given by the mean EIRP and the mean EIRP density at the highest power level are summarized and illustrated in table 1.

Table 1: TPC, Transmit power and power spectral density requirements in Europe
	
	Freq. range (MHz)
	Max Mean EIRP (dBm)
	Max Mean EIRP density (dBm/MHz)
	Comment

	WAS/RLAN
	5150-5350
	23
	10
	20 MHz and 40 MHz channels

	
	5470-5725
	30
	17
	

	FWA
	5725-5875
	33
	23
	10 MHz channels

	
	5725-5875
	36
	23
	20 MHz channels

	Transmit Power Control (TPC):

TPC ensures an average reduction in the aggregated transmission power by at least 3 dB (5 dB for FWA) compared with the maximum permitted transmission power. 

TCP is not required for channels within the band 5150-5250 MHz.

Without TPC, the highest permissible average EIRP (density) are reduced by 3 dB.


For region 2, the maximum transmit power, PSD and out of band emission requirements are listed for UNII-1/2/3 bands and illustrated in table 2.
Table 2: Transmit power requirements for UNII devices
	
	UNII-1
	UNII-2A
	UNII-2C
	UNII-3
	Comments

	Frequency Range (GHz)
	
	5.15 – 5.25
	5.25-5.35
	5.47-5.725
	5.725-5.85
	

	Max conducted output power < min(a, b) (dBm)
	a
	eNB: 30
UE: 24
	24
	24
	30
	

	
	b
	
	11+10logB
	11+10logB
	
	B is the 26-dB emission bandwidth in MHz

	Peak PSD (dBm/MHz)
	
	eNB: 17
UE: 11
	11
	11
	30dBm in 500kHz
	

	Assumed Antenna Gain (dBi)
	
	6
	6
	6
	6*
	Peak power is reduced by G-6 dB for directional antennas with gain > 6 dBi;

* UNII-3 fixed point to point operation power scaling threshold is 23 dBi

	Out of band emission
	Frequency Support (GHz)
	Outside 5.15 – 5.35
	Outside 5.15 – 5.35
	Outside 5.47-5.725
	Outside 5.715-5.865
	

	
	EIRP (dBm/MHz)
	-27
	-27
	-27
	-27
	Resolution bandwidth 1 MHz

	
	Frequency Support (GHz)
	
	
	
	5.715-5.725
5.85-5.86
	

	
	EIRP (dBm/MHz)
	
	
	
	-17
	Resolution bandwidth 1 MHz

	Transmit Power Control
	
	N/A
	TPC to 6 dB below a mean EIRP of 30 dBm. No TPC for mean EIRP < 27 dBm
	N/A
	


For region 3, mandatory DFS/TPC or DFS only with a 3 dB backoff of the max mean EIRP, Power spectrum density and max emission is required for 5250-5350 MHz. And the power spectrum density is limited to ≤10dBm/MHz (EIPR).
As can be seen from the above regulatory requirements on power spectrum density, PSD limitation is required for unlicensed spectrum.
Observation 2: PSD limitation should be fulfilled for transmission in unlicensed spectrum in some regions.
Subchannel and Interlace transmission 
As mentioned in the previous observation, the maximum power spectrum density limitation of 10dBm/MHz is required in some regulatory regions. One way to address this issue is to use the existing sidelink resource allocation method and set the transmit power to comply with regulatory limitation on EIRP and power spectral density. However, this will limit the coverage of sidelink transmission in some cases, for example when the data transmitted is small and only a fraction of the carrier bandwidth is needed. At this point, it is better to distribute the transmitted data over a larger bandwidth to maximize the transmit power. However, in sidelink operation, only continuous subchannel resource allocation method is supported for PSSCH transmission, where the subchannel consists of continuous RBs. Meanwhile, the bandwidths of PSCCH and PSFCH are configured by RRC signaling and are up to 25 RBs and 1 RB, respectively. It is impossible to spread the sidelink resource over the entire carrier bandwidth based on the continuous subchannel resource allocation method. To solve the coverage problem while meeting the minimum occupied channel bandwidth requirements specified in certain regulatory regions, interlace transmission is introduced in NR-U. Similarly, interlace transmission in sidelink unlicensed access system should be studied.
Proposal 1: Interlace transmission for PSCCH/PSSCH/PSFCH in sidelink unlicensed access system should be studied.

To support interlace transmission, the entire carrier bandwidth is divided into a number of interlaces. For a carrier with 20 MHz bandwidth, each interlace contains 10 or 11 RBs. The number of interlace on the carrier depends on the subcarrier spacing, and when the subcarrier spacing is 15 kHz, the whole carrier is divided into 10 interlaces, and when the subcarrier spacing is 30 kHz, the whole carrier is divided into 5 interlaces. Thus, for a 15/30 kHz subcarrier spacing, each 10th/5th RB belongs to the same interlace.

Proposal 2: Reuse the same interlace structure introduced in NR-U in the sidelink unlicensed access system.
PSFCH
PSFCH is used to carry the HARQ feedback of the sidelink transmission received from the PSSCH. The structure of PSFCH is similar to that of PUCCH format 0, that is, ACK or NACK is represented by rotating the different phases of the frequency domain base sequence of length 12. The phase rotation sequence is then mapped to a resource block assigned to the PSFCH transmission. The PSFCH resource can be configured to appear in every slot, every two slots and every four slots of the resource pool. This means that if interlace transmission is used for PSFCH, a resource pool has a maximum of 10 PSFCH resources in each slot. Considering that only one bit of sidelink HARQ feedback is carried on PSFCH, such scarce PSFCH resources are not sufficient to carry HARQ feedback against PSSCH transmissions. In addition, if each slot has PSFCH resources, then consequently each slot has an extra gap, which is not beneficial for COT sharing. One way to solve the problem of lack of PSFCH resource is to increase the number of HARQ feedback bits carried by PSFCH, for example, by introducing new PSFCH formats similar to PUCCH format 2/3/4. 

Proposal 3： The number of HARQ feedback bits carried by PSFCH should be increased to greater than 2.
The sidelink HARQ feedback procedure is designed based on a deterministic timing relationship. For example, the Rx UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. Such an assumption may not apply to unlicensed spectrum, since the precise timing between PSSCH transmission and PSFCH feedback in unlicensed spectrum is subject to the success of channel access. This requires enhanced sidelink HARQ feedback design in sidelink unlicensed access system, just like the HARQ enhancements in NR-U. 

Proposal 4： An enhanced sidelink HARQ feedback design in sidelink unlicensed access system should be studied.
Conclusion

In this contribution, we have discussed the physical channel design for sidelink in unlicensed spectrum, including regulatory requirements and their impacts to physical channel and physical procedure. Based on the discussion in section 2, we provide the following observations and proposals:
Observation 1: OCB requirement ( >80% ) should be fulfilled for transmission in unlicensed spectrum in some regions.
Observation 2: PSD limitation should be fulfilled for transmission in unlicensed spectrum in some regions.
Proposal 1: Interlace transmission in sidelink unlicensed access system should be studied.

Proposal 2: Reuse the same interlace structure introduced in NR-U in the sidelink unlicensed access system.
Proposal 3： The number of HARQ feedback bits carried by PSFCH should be increased to greater than 2.

Proposal 4： An enhanced sidelink HARQ feedback design in sidelink unlicensed access system should be studied.
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