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1. Introduction:
[bookmark: _Hlk89917254]New radio (NR) sidelink (SL) communication is used to share information between device to device without or with only minimal involvement of the gNB. SL is evolved in NR Rel-15 and stabilized in Rel-17 for FR1 operation. But FR2 support for SL is limited. Rel-18 is planning to introduce FR2 enhancements mainly focusing on beam management aspects. In RAN#97, it is agreed to evaluate the enhancements for FR2 till RAN#98. The detailed objective of the study is as follows [1], 
· Study and specify enhanced SL operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· [bookmark: _Hlk89917271][bookmark: _Hlk89917283]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· Work is limited to the support of SL beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing SL-CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers SL unicast communication only.
This contribution provides details on the evaluation methodologies to be considered for FR2 beam enhancement sidelink operation.
2. Beam enhancement for NR sidelink communication:
For beam enhancement use of existing S-SSB and SL-CSI-RS signals can be considered. The S-SSB can be transmitted by a UE acting as synchronization reference UE (SyncRefUE) only. This is done primarily for slot level synchronization between V2X devices when there is no gNB and/ or GNSS (GPS, NavIC etc) based synchronization available. The time-frequency structure of S-SSB is shown in Figure 1.
[image: C:\Users\shafi\Downloads\SSB_Structure.jpg]
Figure 1: S-SSB Structure for normal cyclic prefix

 In time-domain S-SSB is transmitted in  OFDM symbols, numbered from 0 to , where S-PSS occupies 2nd and 3rd symbol, S-SSS occupies 4th and 5th symbol and PSBCH with associated DM-RS are mapped on to 1st and the 6 or 8 symbols after the S-SSS depending upon normal or extended cyclic prefix. Last symbol is used for guard period. Value of  is 13 for a normal cyclic prefix and 11 for an extended cyclic prefix. In the frequency domain, S-SSB occupies 132 contiguous subcarriers numbered from 0 to 131. S-SSBs are sent with a fixed periodicity of 160 ms (i.e., 16 frames). The multiple S-SSBs can be sent within one SSSB period. Within one S-SSB period, the number of S-SSBs is (pre-)configurable depending on the SCS for FR2 as given in Table 1.
Table 1: Number of S-SSB’s within an S-SSB Period for FR2
	Frequency Range
	Subcarrier spacing (SCS)
	Number of S-SSBs per period

	FR2
	60KHz
	1, 2, 4, 8, 16, 32

	
	120KHz
	1, 2, 4, 8, 16, 32, 64



These S-SSB’s direction can change with beamforming so that the user terminals can choose the good beam for data reception. But in present standards reporting of such beam by receiver user terminal is not supported. In SL enhancement on FR2, we should study the report of beam of S-SSB over feedback channel. 
Currently, CSI-RS is being used in NR SL for link adaptation for unicast links based on the reported channel quality indicator (CQI) from receiving (RX) UE to transmitting (TX) UE. CQI is determined based on the channel measurement using CSI-RS transmitted in the PSSCH region from TX- UE. To better spectral efficiency, rank adaption for unicast is supported by measuring the rank using CSI-RS and is indicated using rank indicator (RI). CQI and RI combined represent channel state information (CSI) that can be reported by RX- UE to TX- UE for link and rank adaption. In NR SL CSI is reported using SL CSI reporting medium access control- control element (MAC-CE) container as described in section 6.1.3.35 of TS 38.321 [2] and is shown in Table 1, RI indicates a value of the rank indicator for SL CSI reporting. The length of the field is 1 bit as up to two layers are supported for SL unicast link. CQI indicates channel quality for SL CSI reporting as specified in clause 8.5 of TS 38.214, the length of the field is 4 bits. R is for reserved bits, set to 0. The existing framework of CSI-RS is enhanced for beam management and the novel method is introduced in the section below. 
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Figure 3: SL CSI reporting MAC-CE for channel quality and rank indication

In present Standards, the reporting of the beam over CSI-RS is not supported for SL communication.

Observation 1: S-SSB and SL-CSI-RS can be used for beam management in present specifications but reporting of the beam is not supported.
Proposal 1: Evaluation of S-SSB and SL -CSI-RS for SL beam enhancement on FR2 including the reporting mechanism should performed in Rel 18 study.

3. Evaluation Methodologies:
The Link Level simulations can be performed to analyse the link performance improvement for over SL with the use of various beam enhancement techniques. For link level evaluations, the signal to interference and noise ratio (SINR) can be used as performance parameter in SL beam evaluation. 
A system level simulation can be used to analyse the overall behaviour of the traffic and achievable system efficiency over SL in presence of CSI reporting with beam selection and beam reporting. SL communication network system level performance can be performed for urban and highway deployment scenarios as per TR 37.885. The system level simulations will provide coverage/capacity metrics such as throughput per square kilometre, throughput per unit of bandwidth, number of users simultaneously supported by the network, and fairness in access to the network. Packet reception ratio (PRR) of type 1 and 2 can be used performance analysis as defined in 37.885. 

Proposal 2: Link level and system level simulations should be performing for evaluating the beam enhancement on FR2.
4. Evaluation Scenarios to configure beam enhancement
The SL communication for V2X use case has been studied and present evaluation reports in Rel-16 and Rel-17 as TR 37.885 [3] and TR 38.885 [4] documents. For SL beam enhancement on FR2, V2X use case with highway and urban grid scenarios defined in TR 37.885 can be supported. The table 2 represents the required evaluation parameters for two scenarios. 

Table 2: Evaluation scenarios for beam enhancement in FR2
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency 
	Macro to/from vehicle/pedestrian UE : 30 GHz 
Between vehicle/pedestrian UE: 30 or 63 GHz
Micro BS to/from vehicle/pedestrian UE : 30 GHz 
UE-type-RSU to/from vehicle/pedestrian UE: 30 or 63 GHz 
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink
	Macro to/from vehicle/pedestrian UE: 30 GHz
Between vehicle/pedestrian UE: 30 or 63 GHz
Micro BS to/from vehicle/pedestrian UE: 30 GHz
UE-type-RSU to/from vehicle/pedestrian UE: 30 or 63 GHz
Note: Agreed value does not mean non-ITS band is precluded for real deployment for sidelink

	Simulation bandwidth
	200 MHz (DL+UL)
200 MHz (SL)
	200 MHz (DL+UL)
200 MHz (SL)

	BS Tx power 
	 Macro BS: 43dBm 
PA scaled down proportionally with simulation BW when system BW is higher than simulation BW. 
Otherwise, 43dBm. 
EIRP should not exceed 78 dBm and is also subject to appropriate scaling 
	 Macro BS: 43dBm 
PA scaled down proportionally with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm. 
EIRP should not exceed 78 dBm and is also subject to appropriate scaling

	UE Tx power 
	 Vehicle/pedestrian UE or UE type RSU: 23 dBm for 30 GHz, 21 dB baseline for 63 GHz, 27 dBm optional for 63 GHz. 
For both 30 and 63 GHz, EIRP should not exceed 43 dBm.
	Vehicle/pedestrian UE or UE type RSU: 23 dBm for 30 GHz, 21 dB baseline for 63 GHz, 27 dBm optional for 63 GHz. 
For both 30 and 63 GHz, EIRP should not exceed 43 dBm.

	BS receiver noise figure
	7 dB
	7 dB

	UE receiver noise figure
	13 dB (baseline), 10 dB (optional)



· The road configuration for urban grid and highway provided in TR 37.885 Annex A can be reused 
 
For SL beam enhancement on FR2 in highway and urban grid scenarios, UE dropping option A defined in section 6.1.2 of TR 37.885 can be used, i.e. 

· UE dropping option A can be used for the highway scenario: 
· Vehicle type distribution: 100% vehicle type 2. 
· Clustered dropping is not used. 
· Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally. 
· UE dropping option A can be used for the urban grid scenario: 
· Vehicle type distribution: 100% vehicle type 2. 
· Clustered dropping is not used. 
· Vehicle speed is 60 km/h in all the lanes. 
· In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively. 
  
For SL beam enhancement on FR2 in highway and urban grid scenarios, antenna model follows the description in TR 37.885 section 6.1.4. 
· Vehicle UE option 1 is the baseline (Vehicle UE antenna is modelled in Table 6.1.4-8 and 6.1.4-9 in TR 37.885) 
· Vehicle UE option 2 (two panels) can be optionally selected by companies 
· For SL beam enhancement on FR2, evaluation in highway and urban grid scenarios, channel model follows description in TR 37.885 section 6.2.  


Proposal 3: In Rel-18 SL beam enhancement in FR2, Highway and Urban grid scenarios can be used for evaluation purpose.
Proposal 4: In Rel-18 SL beam enhancement in FR2, the evaluation parameters for V2X scenario can be reused from 37.885 as shown in Table 2.
· Additional parameters can be provided by company.
5. Conclusion
Proposal 1: Evaluation of S-SSB and SL -CSI-RS for SL beam enhancement on FR2 including the reporting mechanism should have performed in Rel-18 study.
Proposal 2: Link level and system level simulations should be performing for evaluating the beam enhancement on FR2.
Proposal 3: In Rel-18 SL beam enhancement in FR2, Highway and Urban grid scenarios can be used for evaluation purpose.
Proposal 4: In Rel-18 SL beam enhancement in FR2, the evaluation parameters for V2X scenario can be reused from 37.885 as shown in Table 2.
· Additional parameters can be provided by company.
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