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In RAN #86, the WID of R17 SL Enhancement was agreed and one of the main motivations is to achieve enhanced reliability and reduced latency as shown below [1].  
· Enhanced reliability and reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. The system level reliability and latency performance of sidelink is affected by the communication conditions such as the wireless channel status and the offered load, and Rel-16 NR sidelink is expected to have limitation in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions. 
It is identified in the WID to study Mode 2 resource allocation enhancement solutions for this purpose.  Inter-UE coordination is one of the proposed studies. 
The other main motivation and working area of R17 SL enhancement is power saving as proposed below ([1]):
· Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. Rel-16 NR sidelink is designed based on the assumption of “always-on” when UE operates sidelink, e.g., only focusing on UEs installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.
To evaluate new candidate solutions for the reliability enhancement and power saving, RAN1 have been discussing updates for SL simulation methodology in recent meetings.  A great deal of progress has been made with respect to power saving, traffic and channel modeling for V2P/P2V/P2P use cases.  
In this contribution, we discuss the SL multi-carrier operation as an additional candidate solution for enhanced reliability and reduced latency, as well as power saving in R17 SL operation.  Also, we bring up certain remaining issues for SL simulation methodology update, especially pertaining to FR2 operation.    
Discussion
 Multi-carrier operation
It was discussed during RAN #86 that multi-carrier operation should be considered as a candidate solution for R17 SL design with a scope specified below:
· Rel-15 LTE eV2X solution can be reused (e.g., multiplexing of different services on different carriers, packet duplication at PDCP layer, etc.)
· Only one SL BWP can be activated in a SL carrier at a given time from the UE perspective
Packet duplication at PDCP layer is adopted in Rel-15 LTE eV2X specifically for the purpose of increasing reliability.  The duplication is dependent on PPPR of the packet and the duplicated PDCP PDUs of the same PDCP entity are transmitted on different sidelink carriers.  In addition, the UE supports TX carrier (re)selection procedure when configured with SL transmission over multiple carriers for a logical channel.  The (re)selection of the carriers can be based on CBR, which also improves reliability of the transmission.  
With demonstrated benefit of enhanced reliability, a similar multi-carrier operation based on R15 LTE eV2X solution should be included in R17 SL enhancement.  Due to TU limit, a baseline multi-carrier operation enabling packet duplication at PDCP layer can be considered first with accompanying functionalities of synchronization and handling of limited TX/RX capability.  R15 LTE eV2X solutions can be re-used as much as possible. 
Proposal 1: Support a baseline SL multi-carrier operation to enable packet duplication at PDCP layer over multiple carriers to increase reliability of R17 SL transmissions. 
Moreover, the introduction of a SL multi-carrier operation will pave the way for further enhancements for power saving purpose.  It is well understood that BWP concept is adopted in NR Uu design mainly for the benefit for UE power saving.  A SL multi-carrier operation can lend itself to flexible BWP configurations and thereby enable power saving features such as BWP adaptation.  The well-developed design of BWP feature in Uu can provide a solid starting point for further SL-specific implementation.  
Proposal 2: Consider including BWP adaptation in SL multi-carrier operation for power saving purpose.      
Remaining issues on simulation methodology update
Simulation methodology updates required for R17 SL evaluation have been discussed in RAN1 meetings and most of the work is considered completed.  In our view, there are certain remaining issues of the V2X channel model described in [2] regarding pedestrian-based links, especially as for FR2 operation.  In this section, we propose further modifications to address the remaining issues. Additionally, we consider potential additions to the traffic models in [2] to address the newly considered public safety use cases.
Channel model
As mentioned in the introduction, several aspects of the current channel model do not adequately address pedestrian-based links, especially as they related to FR2.  The two areas addressed in this contribution are 1.) Pedestrian Blockage Modelling, and 2.) Self Blockage and Oxygen Absorption modelling.  Below we discuss these two items and propose changes to be incorporated into [2].  
Pedestrian Blockage Modelling:
Currently, for links in NLOSv an additional loss due to blockage is added.  The min Tx-Rx height-based blockage given in [2] is only modelled for V2V links without considering pedestrians.  We propose pedestrian blockage modelling, especially for FR2, should be added.  With the change in link state from NLOSv to NLOSvp suggested in Proposal 2 we further propose an update to the blockage modelling as follows:  
Proposal 3: For V2X scenarios involving V2V, V2P, P2V and P2P links, the min Tx-Rx height-based blockage model given in [2] shall be updated to consider pedestrians as blockers also.  Additionally, higher priority should be given to vehicles over pedestrians for selecting blocker type.  As such the Link state NLOSv should be changed to NLOSvp to show pedestrian blocking may also occur. 
The selection of blocker height for modelling blockages given in [2] only considers different vehicle types without considering pedestrians. Links in V2X can be blocked by either vehicles or pedestrians. Considering the volume of vehicles and pedestrians, there’s higher chance of links being blocked by vehicles than pedestrians. Hence, while selecting blocker height additional weightage should be given to the vehicles over pedestrians due to higher vehicular volume. Simulations involving just P2P links only consist of same height blockages.  As such the additional blockage loss given in [2] Section 6.2.1 should be updated for the pedestrian-based links as follows:
· The blocker height is the vehicle or pedestrian height selected randomly out of the three vehicle types and pedestrians according to the simulated scenario but giving high priority to vehicles.
· The additional blockage loss is max {0 dB, a log-normal random variable}.
· Case 1: Minimum antenna height value of TX and RX > Blocker height
· No additional blockage loss
· Case 2: Minimum antenna height value of TX and RX < Blocker height (strong blockage)
· Mean: 9 + max(0, 15*log10(d)-41) dB, standard deviation: 4.5 dB 
· Case 3: Otherwise (moderate blockage)
· Mean: 5 dB + max(0, 15*log10(d)-41), standard deviation: 4 dB
Self-Blockage and Oxygen Absorption:
Self-Blockage and oxygen absorption modelling are especially required for any FR2 simulations.  Our proposal is detailed below. 
Proposal 4:  1. Self or hand blockages should be considered along with height-based blockage for V2X involving pedestrians. 2. Oxygen absorption should be applied to the respective cluster responses. 
The unique propagation characteristics of FR2 bands makes it highly susceptible to the blockages. The directional beams obtained from beamforming often gets blocked due to user/vehicle orientation. Self/hand blockage should be added only to the pedestrians to account for the device orientation (e.g. landscape or portrait) to have a more realistic evaluation. 




Blockage model A given in [3] can be reused for V2X to model self-blockage in pedestrians. The blocking region is modelled as a rectangular patch based on UE orientation and as per equation 7.6-20 given in [3] it is defined based on elevation and azimuth angles (,) and azimuth and elevation angular span (,).


Table 7.6.4.1-1 given in [3] provides self-blocking region parameters and is reused for modeling self-blockages in V2P, P2V and P2P links.
Self-blocking region parameters
	
	

	

	

	


	Portrait mode
	260o
	120o
	100o
	80o

	Landscape mode
	40o
	160o
	110o
	75o




An attenuation of 30 dB for each cluster due to self-blockage corresponding to the center angle pair (,) is added if the AoAs and or AoDs angles fall between the range as shown below for different scenarios else the attenuation is 0 dB. In [3], the self-blockage is applied only to RX (AoA), but for V2X we need to apply the blockages to both RX and TX for pedestrians (AoA and AoD).
Case 1: For V2P where vehicles are transmitters and pedestrians are receivers:


 and  ; attenuation = 30dB
Case 2: For P2V where pedestrians are transmitters and vehicles are receivers:
 and  ; attenuation = 30dB
Case 3: For P2P where pedestrians can be either transmitters or receivers:


 and  ; attenuation = 30dB
 and  ; attenuation = 30dB
Total attenuation = 30 + 30 = 60 dB
Also, when considering higher frequency bands oxygen absorption should be considered as the oxygen molecules present in atmosphere tend to absorb mmW spectrum with peak at 61GHz. The equation 7.6-1 and Table 7.6.1-1 given in [3] is reused for modeling oxygen loss [dB/km].

 [dB]
Where,
· α(fc) is frequency dependent oxygen loss [dB/km] characterized in Table 7.6.1-1;
· c is the speed of light [m/s]; and d3D is the distance [m];
· τn is the n-th cluster delay [s];
· 

τΔ is 0 in the LOS case and min() otherwise, where min() is the minimum delay;
Frequency dependent oxygen loss α(f) [dB/km]
	f in [GHz]
	0-52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68-100

	α(f) in [dB/km]
	0
	1
	2.2
	4
	6.6
	9.7
	12.6
	14.6
	15
	14.6
	14.3
	10.5
	6.8
	3.9
	1.9
	1
	0


Evaluation Results
The impact of blockages on NLOSvp links were evaluated with a system level simulator with respect to coupling loss as per the specification given in [2]. The simulation consists of V2V, P2P, V2P and P2V (V2X) links modeled separately in the system level simulator bench. The key simulation parameters are given below as follows:  
Key Simulation Parameters:
	Parameters
	

	Topology
	Urban Grid

	Num of TTIs
	1

	Frequency
	6 GHz

	Tx Power
	23 dBm

	(M, N, P, Mg, Ng)
	(1, 2, 2, 1, 1)

	Element Pattern 
	Option 1

	No of Grids
	9

	Number of Pedestrians 
	500

	% Vehicle Types 
	[20, 60, 20]



Case 1: Blockage modeling for V2V and P2P links (Sub 6GHz)
From Fig 1, Blockages have a considerable effect on the coupling loss. For V2V, a 10dB difference is observed at 50%-tile against no blockage case, as there are 3 types of vehicles having different antenna heights (Type1-0.75m, Type2-1.6m, Type3-3m) involving same and different height blockages. For P2P, we observe a difference of 5dB at 50%-tile as only same height blockages are considered since all pedestrians have a constant height of 1.5m.
  [image: ][image: ]
Figure 1. Coupling loss for V2V and P2P links
Case 2: Blockage modeling for V2X links (Sub 6GHz)
For V2X having V2P and P2V links, blockages can be either from vehicles or pedestrians. We have defined a parameter called “weight” to determine the weightage to be given to the vehicles as compared to pedestrians for obtaining the blocker height. For example, weight = 0.9 means, there is 90% chance that V2X link is blocked by vehicles than pedestrians. From Fig. 2 for V2P scenario, we observe that by giving equal weightage (weight = 0.5) to vehicles and pedestrians a higher coupling loss is observed as compared to weight = 0.9 due to higher chance of having same height blockage along with different height blockage. For P2V the weightage parameter does not have much impact due to the antenna pattern of the pedestrians. At higher percentile, there are few links with no blockages (in NLOS scenario) since their height is greater than the blocker height and a crossover is observed between with and without blockages as sometimes these links perform much better due to randomization.
[image: ][image: ]
Figure 2. Coupling loss for V2P and P2V links
Case 3: Self blockage modeling for V2X links (above 6GHz)
To evaluate the impact of self-blockage due to the usage of higher frequency bands, we modeled the self-blockage attenuation given in [3] in our system level simulator bench considering landscape mode and without min-height based blockages. From Fig 3 and Fig 4 we observe that self-blockages have a significant impact on the coupling loss. For P2P where pedestrians can be either Tx or Rx, blockages can be at both the ends and from Fig 3 at 50 %tile, we can observe a max attenuation of 18 dB between with and without blockages. For V2P and P2V scenarios we have the self-blockages occurring at just one end of the device and from Fig 4 a loss close to 15 dB is observed respectively for each of these cases between with and without self-blockages. 
[image: ]
Figure 3. Coupling loss for P2P links
[image: ][image: ]
Figure 4. Coupling loss for V2P and P2V links
Traffic modelling
The traffic models considered in [2] can be used to model varying traffic intensities for periodic and aperiodic traffic. To address the new Public safety use cases being considered in sidelink, traffic models for Mission critical Push-to-talk (MC PTT), Video (MC Video), and Mission critical data services need to be included. The following table specifies various aspects (including QoS requirements) of these services [4].
KPIs for Mission critical service
	Services
	Packet Delay Budget (PDB)
	Packet Error Rate (PER)
	Traffic 

	MC PTT
	75ms
	
	VoIP

	MC Video
	100ms
	
	Periodic @ 30-60 fps 

	MC Data
	200ms
	
	MBB type


Comparing the table above to traffic models in [2], we observe the following: periodic traffic models in [2], with appropriate intensity can be used to model MC Video services, whereas FTP traffic model can be used to model MC Data services. Both FTP and periodic traffic models have been agreed in previous RAN1 meeting. MC PTT, however, still needs to be covered. Hence, the following traffic models should be added to [2].
· Utilize the VoIP model with parameters specified in Section A.2.1.3 of [5] for MC PTT
Proposal 5: Update traffic model in [2]:
· VoIP traffic model for MC PTT service – utilize VoIP model in [5].
Conclusion
In this contribution, we discussed the benefit and motivation to include a baseline multi-carrier operation in R17 SL design for enhanced reliability and reduced latency. In addition, we examined the potential impact of SL DRX on SL PHY layer operation.  We propose the following:
Proposal 1: Support a baseline SL multi-carrier operation to enable packet duplication at PDCP layer over multiple carriers to increase reliability of R17 SL transmissions. 
Proposal 2: Consider including BWP adaptation in SL multi-carrier operation for power saving purpose.
Proposal 3: For V2X scenarios involving V2V, V2P, P2V and P2P links, the min Tx-Rx height-based blockage model given in [2] shall be updated to consider pedestrians as blockers also.  Additionally, higher priority should be given to vehicles over pedestrians for selecting blocker type.  As such the Link state NLOSv should be changed to NLOSvp to show pedestrian blocking may also occur. 
Proposal 4:  1. Self or hand blockages should be considered along with height-based blockage for V2X involving pedestrians. 2. Oxygen absorption should be applied to the respective cluster responses. 
Proposal 5: Update traffic model in [2]:
· VoIP traffic model for MC PTT service – utilize VoIP model in [5].
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