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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref523752768][bookmark: _Ref129681832]Introduction
According to the WID on NR sidelink evolution [1], the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation shall be assessed. Therefore, the evaluation methodology for this assessment needs to be discussed, which can also be used for evaluating performance of sidelink designs.
· 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
In this paper, we provide our additional views on evaluation methodology for sidelink operation over unlicensed spectrum in addition to our considerations discussed in [2], including use cases, models, and metrics. We also provide what is available from the baseline TRs, and what changes are needed to suit Rel-18 sidelink operation over unlicensed spectrum. 
Use cases and motivation
[bookmark: _Hlk100657671]With the development of new devices (e.g., XR headsets, smart display, etc.) and new services (e.g.,          interactive services for XR, HD wireless projection, etc.), there is growing interest in the industry to expand the applicability of NR sidelink to commercial use cases. As per WID, commercial use cases are crucial to Rel-18 sidelink evolution, with two key requirements of increased sidelink data rate and supporting of new carrier frequencies. Moreover, during Rel-18 WID discussions in RAN, sidelink over unlicensed spectrum is motivated to fulfill these two requirements, seeking a better position to be implemented in commercial use cases. Therefore, when assessing/evaluating sidelink operation over unlicensed spectrum, practical commercial deployment shall be considered.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: _Hlk100689045]Proposal 1: Support commercial use cases in the assessment/evaluation for sidelink operation over unlicensed spectrum.
Besides, the evaluations shall consider commercial use cases, where lots of commercial applications are expected in a local area or deployed indoors. However, NR sidelink is initially developed in 3GPP mainly to support advanced V2X services, including P2X applications. Therefore, the existing evaluation methodologies which are mainly designed for urban and highway outdoor scenarios with traffic models reflecting V2X/P2X services [3], do not suit SL-U commercial use cases. In addition, the evaluation methodology for NR-U does not consider UE-to-UE communication. Therefore, the evaluation methodology for NR-U and NR sidelink need to be updated, including UE dropping model, traffic model, metrics, etc., to adapt to Rel-18 SL-U. In addition, the updated evaluation methodology can also be used for evaluating performance of sidelink designs.
[bookmark: _Ref100650135]Proposal 2: NR-U and NR sidelink evaluation methodology update is necessary for evaluating sidelink unlicensed operation in Rel-18.

Models
UE dropping models
UE dropping models are closely related to scenarios/use cases. Existing UE dropping models for NR sidelink evaluation are for outdoor scenario only, where UEs are dropped according to urban road layout or highway lanes, which does not suit indoor commercial use cases. Given that a lot of commercial applications are expected in a local area or deployed indoor, the indoor scenario for NR-U as defined in TR38.889 can be used as baseline, with necessary modifications to reflect sidelink communication. For commercial use cases, we have considered two typical dropping models, namely the cluster-based model (details can be seen in our companion paper [2]) and peer-to-peer based model, the latter model is discussed in the following. 
Proposal 3: For UE dropping models, indoor scenarios for NR-U specified in TR 38.889 can be used as a starting point.
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[bookmark: _Ref102049956]Figure 1 A typical scenario for commercial use cases
Figure 1 depicts a typical scenario for commercial use cases, where there are several pairs of transceivers dropped at a given area (e.g., home, mall, etc.). For instance, a smart phone shares file to another smart phone, a CPE transmits data to a smart phone, or a smart phone transmits data to a pair of VR glasses. This scenario can be transformed to the peer-to-peer based UE dropping model shown in Figure 2, where several pairs of Tx UEs and Rx UEs are uniformly dropped in a given area. The distance between the Tx UE and the Rx UE ranges between (). 
For UE dropping, following steps are performed:
Step 1: An indoor scenario, of which the size is X m * Y m. The suggested parameter pair (X, Y) can be given in the following two pairs: (120m, 80m) and (10m, 10m). (120m, 80m) represents the mall/office, which is aligned with that for NR-U in TR 38.889, and (10m, 10m) reflects a room at home.
Step 2: The density D, which reflects on average the number of transceiver pairs per square meter. For low-density, medium-density, and high-density scenarios, D can be set as 0.05, 0.1 and 0.2, respectively. With area (X, Y) and density D, the number of transceiver pairs N can be calculated as .
Step 3: There are  Tx UEs and  Rx UEs that need to be scattered.  points corresponding to  Tx UEs are uniformly dropped one by one within the given indoor scenario. Note that the area where the Tx UE serves as the center with   as the radius must be within the given indoor area, otherwise the point corresponding to the Tx UE will be re-dropped. Then, for each Tx UE, uniformly drop one point corresponding to its Rx UE within a range of the Tx UE from the minimum distance  to the maximum distance .
  [image: ] 
Figure 2: Peer-to-peer based UE dropping model
[bookmark: _Hlk101455768][bookmark: _Hlk100782288]For the mall/office with the size of 120m*80m, the suggested distance range () can be given in the following three pairs: (20m, 10m), (15m, 10m) and (10m, 1m). For the room at home with the size of 10m*10m, the suggested distance pair () can be given as (1m, 3m).

Proposal 4: Support peer-to-peer based UE dropping model in the assessment/evaluation for sidelink operation over unlicensed spectrum.
· The transceiver pairs are deployed in an indoor area with the size of Xm *Ym, while typical values of (X,Y) are suggested to be set as (120m, 80m) for mall/office and (10m,10m) for a room at home.
· The density D reflecting on average the number of transceiver pairs per square meter is suggested to be set as 0.05, 0.1 and 0.2 for low-density, medium-density and high-density scenarios, respectively.
· For the mall/office with the size of 120m*80m, the suggested distance pair (R_min,R_max) can be given in the following three pairs: (20m, 10m), (15m, 10m) and (10m, 1m). For the room at home with the size of 10m*10m, the suggested distance pair (R_min,R_max) can be given as (1m, 3m).
Traffic Models
Since NR sidelink is initially developed in 3GPP mainly to support advanced V2X applications, the traffic models used for existing evaluation methodology can be found in TR 37.885 as follows.
Periodic traffic
-	Model 1 (low traffic intensity)
-	Inter-packet arrival time: 100 ms
-	Packet size: Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
-	Latency requirement: 100 ms
-	Model 2 (medium traffic intensity)
-	Inter-packet arrival time: 10 ms
-	Other value(s) are not precluded, e.g., 100ms
-	Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
-	Latency requirement: 10 ms
-	Model 3 (high traffic intensity)
-	Inter-packet arrival time: 30 ms
-	Packet size: Uniformly random in the range between 30000 bytes and 60000 bytes with the quantization step of 10000 bytes
-	Latency requirement: 30 ms
-	Aperiodic traffic
-	Model 1 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
-	Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-	Latency requirement: 50 ms
-	Model 2 (high traffic intensity)
-	Inter-packet arrival time: 10 ms + an exponential random variable with the mean of 10 ms
-	Packet size: Uniformly random in the range between 10000 bytes and 30000 bytes with the quantization step of 4000 bytes
-	Latency requirement: 10 ms
However, the traffic models presented above are mainly for V2X applications, corresponding to messages such as location, dynamics, attributes, warning to pedestrians, etc., as per TS 22.185, which does not suit well for commercial use cases. Therefore, the traffic models for V2X as defined in TR 37.885 cannot be directly reused in the assessment/evaluation for sidelink operation over unlicensed spectrum. Since there also exist periodic services (e.g., wireless projection, etc.) and aperiodic services (e.g., file downloading, etc.) in commercial use cases, one possible simplification is to modify the traffic models for V2X to suit commercial use cases. To be more specific, some parameters (e.g., packet size, PDB, etc.) need to be adjusted for commercial applications in a case-by-case manner.
[bookmark: _Hlk101464496]Observation 1: The traffic models for V2X as defined in TR 37.885 cannot be directly reused in the assessment/evaluation for sidelink operation over unlicensed spectrum.
Observation 2:  For simplification purpose, it may be possible that some values of parameters of traffic models for V2X as defined in TR 37.885 can be adjusted for commercial applications in a case-by-case manner. Details of modified values need to be further studied. 
For commercial use cases, audio-visual interaction services are typical, such as entertainment at home with gaming based on XR, which would be a particularly demanding application for NR according to TR 22.842. Moreover, during Rel-18 WID discussions in RAN, the extension of spectrum to unlicensed, as promoted by many companies, is motivated by supporting high data rate for interactive applications (e.g. XR). Therefore, we are supportive of XR traffic model for assessment as defined in TR 38.838. 
Specifically, there are three kinds of XR services defined in TR 38.838, namely Virtual Reality, Augmented Reality, and Cloud Gaming. Since Cloud Gaming is expected as the dominant application to be widely used, it is suggested as a starting point of introducing XR traffic model into SL-U. Virtual Reality and Augmented Reality can also be considered. 
For Cloud Gaming, traffics can be divided into two types, as shown in Figure 3. The type I traffic is from the CPE to the hand-held smart phone/game box, which mainly carries rendered video/audio frame information for the game. Its periodicity depends on the frame generation rate. The traffic model for this type can reuse the DL Cloud Gaming traffic model defined in TR 38.838, as shown in Table I. The type II traffic is from the hand-held smart phone/game box to the CPE, which mainly carries pose/control/operation information for the game. Its periodicity is fixed to 4ms. The traffic model for this type can reuse the UL pose/control traffic model defined in TR 38.838, as shown in Table II.
[image: ]
Figure 3: Two types of traffic for Cloud Gaming
Table I: Statistical parameters for single stream Cloud Gaming traffic model
	Parameters
	unit
	Baseline values for evaluation
	Optional values for evaluation

	data rate: R 
	Mbps
	8, 30
	45

	frame generation rate: F 
	fps or Hz
	60
	

	PDB
	ms
	15
	10, 30


Table II: Statistical parameters for the pose/control traffic
	Parameters
	unit
	Baseline values for evaluation
	Optional value for evaluation

	Periodicity
	ms
	4
	Other values can be optionally evaluated.

	Jitter
	ms
	No jitter
	

	Packet size 
	byte
	100
	

	PDB
	ms
	10
	

	Packet Success Rate X
	%
	99
	90, 95


[bookmark: _Hlk101456240]Proposal 5: Cloud Gaming defined in TR 38.838 is suggested as a starting point for introducing XR traffic models into the assessment/evaluation for sidelink operation over unlicensed spectrum, while Virtual Reality and Augmented Reality can also be considered.
In addition, the channel model and antenna model in the assessment/evaluation for sidelink operation over unlicensed spectrum can directly reuse that of NR-U in TR 38.889, which has been illustrated in our companion paper [2].
Performance Metrics 
Same as NR-U, UPT and latency shall be reused as performance metrics for SL-U, which has been covered by our companion paper [2]. In this paper, we mainly introduce per-UE PRR.
[bookmark: _Hlk101035822]Per-UE PRR
Since NR sidelink is initially developed in 3GPP mainly to support advanced V2X applications, PRR defined in TR 37.885 is used as a metric to evaluate the packet reception:
PRR type 1: For one Tx packet, the PRR is calculated by X/Y, where Y is the number of UE/vehicles that located in the range (a, b) from the TX, and X is the number of UE/vehicles with successful reception among Y. 
PRR type 2: For one Tx packet, the PRR is calculated by S/Z, where Z is the number of UEs in the intended set of receivers, and S is the number of UE with successful reception among Z.
As shown above, the PRR defined in TR 37.885 can only reflect how many UEs have successfully received the packet, which is not on a per-UE basis. To further clarify this point, an example is shown below in Figure 4, where a CPE transmits multicast packets to UE A and UE B. Suppose that UE A can always successfully receive the packet, while UE B can never successfully receive the packet. If the PRR defined for V2X is reused, the packet reception ratio is always 50%, which cannot reflect the packet reception either from UE A’s side or from UE B’s side. 
[bookmark: _Hlk102139725]Note that V2X is a proximity-based service with packets mainly conveying messages such as location, dynamics, attributes, warning to pedestrians, etc., as per TS 22.185. Therefore, it mainly concerns how many of the intended receivers/receivers within a communication range have successfully received the packet, while the user experience for every single UE is not the focus, and thus the PRR defined in 
TR 37.885 is suitable. However, in commercial use cases for Rel-18, for services such as video sharing, XR gaming, we are more concerned about the user experience for every single UE. Under this circumstance, if the PRR defined in TR 37.885 is directly reused as the only metric to evaluate packet reception, the ratio of packet successfully received by every single UE cannot be accurately reflected. As a result, it is necessary to define per-UE PRR.
Observation 3: The PRR defined for V2X is not on per-UE base and cannot reflect the ratio of packet successfully received by every single UE accurately.

[image: ]
Figure 4: The PRR defined for V2X is not on a per-UE base
Accordingly, in addition to the PRR defined in our companion paper [2], per-UE PRR should also be supported as follows:

For a single UE,  is the number of packets intended to be transmitted a UE, and  is the number of all the successfully received packets by this UE. 
To be more specific, there can be cases where packets are not transmitted before PDB due to LBT failure. For example, assume there are altogether 10 packets intended to be transmitted, assume 8 of them being transmitted within the PDB, and finally 6 of them being successfully received. In order to evaluate channel access schemes and reflect the influence of LBT failure for SL-U,  in the above formula should be the number for all the packets that are intended to be transmitted (i.e., 10 in the example above), rather than the number for the packets that have been transmitted (i.e., 8 in the example above). This point has also been covered by our companion paper [2].
Proposal 6: Per-UE PRR should be supported to reflect the packet reception for every single UE.
· Per-UE PRR is calculated via dividing number of successfully received packets by that of intended packets for every single UE 
· The number of packets not sent due to LBT failure should also be counted within the number of intended packets
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Since commercial use cases shall be supported in SL-U, which are usually deployed indoors with new types of services, the evaluation methodology needs to be updated. In this contribution, UE dropping model, traffic model, and performance metrics are updated for commercial use cases. Accordingly, we have the following observations and proposals:
Observation 1: The traffic models for V2X as defined in TR 37.885 cannot be directly reused in the assessment/evaluation for sidelink operation over unlicensed spectrum.
Observation 2:  For simplification purpose, it may be possible that some values of parameters of traffic models for V2X as defined in TR 37.885 can be adjusted for commercial applications in a case-by-case manner. Details of modified values need to be further studied. 
Observation 3: The PRR defined for V2X is not on per-UE base and cannot reflect the ratio of packet successfully received by every single UE accurately.
Proposal 1: Support commercial use cases in the assessment/evaluation for sidelink operation over unlicensed spectrum.
Proposal 2: NR-U and NR sidelink evaluation methodology update is necessary for evaluating sidelink unlicensed operation in Rel-18.
Proposal 3: For UE dropping models, indoor scenarios for NR-U specified in TR 38.889 can be used as a starting point.
Proposal 4: Support peer-to-peer based UE dropping model in the assessment/evaluation for sidelink operation over unlicensed spectrum.
· The transceiver pairs are deployed in an indoor area with the size of Xm *Ym, while typical values of (X,Y) are suggested to be set as (120m, 80m) for mall/office and (10m,10m) for a room at home.
· The density D reflecting on average the number of transceiver pairs per square meter is suggested to be set as 0.05, 0.1 and 0.2 for low-density, medium-density and high-density scenarios, respectively.
· For the mall/office with the size of 120m*80m, the suggested distance pair (R_min,R_max) can be given in the following three pairs: (20m, 10m), (15m, 10m) and (10m, 1m). For the room at home with the size of 10m*10m, the suggested distance pair (R_min,R_max) can be given as (1m, 3m).
Proposal 5: Cloud Gaming defined in TR 38.838 is suggested as a starting point for introducing XR traffic models into the assessment/evaluation for sidelink operation over unlicensed spectrum, while Virtual Reality and Augmented Reality can also be considered.
Proposal 6: Per-UE PRR should be supported to reflect the packet reception for every single UE.
· Per-UE PRR is calculated via dividing number of successfully received packets by that of intended packets for every single UE 
· The number of packets not sent due to LBT failure should also be counted within the number of intended packets
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