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1	Introduction
In this paper we present system-level evaluation results for sidelink. Specific details on the PHY structures can be found in [1]. The discussion on resource allocation aspects can be found [2].
[bookmark: _Ref178064866]2	Physical layer details
The physical layer is modelled based on existing agreements, whenever possible. In addition, we have made the following assumptions:
· The system bandwidth is divided in multiple sub-channels: 
· Transmissions of data packets (PSSCH and PSCCH) are constrained to occupy an integer number of sub-channels.
· Transmissions of reservation message occupy a fraction of a sub-channel.
· PSCCH and PSFCH are multiplexed using option 1A
3	Resource allocation schemes	
The results presented in this contribution show the merits of three different resource allocation schemes:
· Channel access based on listen-before-talk.
· Channel access using reservations.
· Channel access using patterns.
The details of each resource allocation scheme are presented in [2] and pattern design can be found in [6].
To simplify the discussion, we have decided to focus on the essence of each procedure, omitting possible optimizations. In our view, such details can be discussed once the main lines of resource allocation are defined.
The following considerations are common ground for all simulations:
· No packet is dropped, meaning that even if the channel is indeed busy, the transmitter will select a resource to perform the transmission. Packet dropping, prioritization, and pre-emption are not considered in the evaluations presented here. 
· Packets received beyond the latency budget are counted as unsuccessfully transmitted.
4	Broadcast communication
In this section, we present results for broadcast communication. Evaluation assumptions are summarized in the Appendix A.
In addition to what was presented in Section 3, for this section the following applies:
· HARQ feedback is not used but a TB may be blindly transmitted multiple times:
· For LBT: 
· Each retransmission is scheduled independently. 
· Each SCI schedules only the transmission of the PSSCH in the same slot bundle. 
· For reservation-based channel access:
· All retransmissions are scheduled at the same time.
· Each SCI schedules all the transmissions of the same TB (like in LTE).
· Patterns:
· The number of transmissions of a TB is given by the pattern design.
· Each SCI schedules all the transmissions of the same TB (like in LTE).
· In all cases, retransmissions are HARQ combined by the receiver.
In Figure 1 and Figure 2, we compare the best PRR performance achieved by all three schemes for the highway and urban scenarios, respectively. Details about the configuration for each scheme can be found in Appendix B. Note that due to the differences between schemes, the configuration (number of sub-bands, number of transmissions per TB, etc.) for which the best performance is obtained is different for each resource allocation procedure.
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[bookmark: _Ref533762134][bookmark: _Hlk534793281][bookmark: _Hlk534794774]Figure 1. PRR performance for different channel access procedures in Highway scenario with aperiodic broadcast traffic.
[image: ]
[bookmark: _Ref534793438]Figure 2. PRR performance for different channel access procedures in Urban scenario with aperiodic broadcast traffic.
From the highway results, we draw the following conclusions:
· PRR for short distances:
· LBT exhibits a PRR ceiling due to collisions and half-duplex problems.
· In contrast, Reservation-based channel access and channel access using patterns achieve PRR=1 through reservations/retransmissions and (re)transmission patterns, respectively
· PRR for longer distances:
· LBT and reservation-based channel access use sensing to avoid collision with distant UEs.
· Channel access using patterns suffers the most degradation due to the lack of sensing since in long distances the probability of colliding with multiple users is higher.
The relative ordering between schemes and the above observations hold in urban scenarios, although the levels of achieved PRR and the difference are too low to draw further conclusions.
[bookmark: _Toc534993984]For broadcast transmission, resource allocation using reservation provides the best performance.
5	Unicast communication
In this section, we present results for unicast communication. Evaluation assumptions are summarized in Appendix A.
In addition to what was presented in Section 2, for this section the following applies:
· HARQ feedback based on ACK/NACK reception (i.e., Option 2 in [4], see also [7]) is used.
· Every time a NACK is received, the TB is re-scheduled for transmission.
· A TB is rescheduled a maximum of nmax times.
· In all cases, retransmissions are HARQ combined by the receiver.
In Figure 3 and Figure 4, we compare the PRR performance achieved by all three schemes for the highway and urban scenarios, respectively. For each scheme, we have taken the configuration that showed the best performance for broadcast communication with some minor modifications to accommodate HARQ retransmissions. Changes are summarized in Appendix A.
[image: ]
[bookmark: _Ref534895336][bookmark: _Hlk534977232]Figure 3. PRR performance for different channel access procedures in Highway scenario with aperiodic unicast traffic.
[image: ]
[bookmark: _Ref534977367]Figure 4. PRR performance for different channel access procedures in Urban scenario with aperiodic unicast traffic.
From the highway results, we draw the following conclusions:
· For all schemes, PRR performance is markedly improved when  compared to broadcast communication. However, LBT maintains a PRR ceiling, something that is not present for the other schemes. It turns out that having long transmissions, which is necessary for ensuring good LBT behavior, leads to half-duplex collisions.
· Although not shown here, performance can be further improved by increasing the maximum number of retransmissions nmax. For the case of unicast, the impact on channel utilization is very small. As expected, the gap between schemes is reduced for higher values of nmax but the trends observed here still hold.
Again, for short distances the relative ordering between schemes and the above observations hold in urban scenarios, although the levels of achieved PRR and the differences are too low to draw further conclusions.
[bookmark: _Toc534993985]For unicast transmission, resource allocation using reservation provides the best performance.
8	Conclusion
In the previous sections we made the following observations: 
Observation 1	For broadcast transmission, resource allocation using reservation provides the best performance.
Observation 2	For unicast transmission, resource allocation using reservation provides the best performance.

References
[bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref528838717]R1-1901211, “Details on physical layer structure for SL V2X,” Ericsson, RAN1#AH19-01, Jan 2019 
[bookmark: _Ref534887830]R1-1901214, “Resource allocation procedures for Mode 2,” Ericsson, RAN1#AH19-01, Jan 2019
[bookmark: _Ref533685932]Chairman’s notes, RAN1#94, Chengdu, China, October 2018.
[bookmark: _Ref534887995]Chairman’s notes, RAN1#95, Spokane, WA, US, November 2018.
[bookmark: _Ref533688066]3GPP TR 37.885
[bookmark: _Ref534755995]R1-1901229, “Design of patterns for sidelink transmission,” Ericsson, RAN1#AH19-01, Jan 2019
[bookmark: _Ref534888011]R1-1901212, “On PHY procedures to support unicast and groupcast on NR sidelink,” Ericsson, RAN1#AH19-01, Jan 2019
Appendix A	Evaluation assumptions
[bookmark: _GoBack]Unless otherwise stated, the methodology and assumptions in [5] are used.
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	20 MHz

	Sub-carrier spacing
	30 kHz

	Scenario
	Highway Option A, Urban Option A

	Traffic model
	Medium intensity, according to the corresponding simulation profile (see [3]).

	PSCCH
	Allocation (including overhead)
	3 OFDM symbols

	
	Modulation
	QPSK

	PSSCH
	Allocation (including overhead)
	9 OFDM symbols (if PSCCH is transmitted in the same slot)
14 OFDM symbols (if PSCCH is not transmitted in the same slot)

	
	Modulation
	16-QAM

	
	Coding rate (CRtarget)
	0.85

	Overhead (for both PSSCH and PSCCH)
	4/14 (GP, DMRS, AGC)

	LBT parameters
	Back-off window
	10 slots

	Reservation-based channel access parameters
	Reservation allocation
	3 OFDM symbols and 12 RBs

	
	T1
	1 slots

	
	T2
	2 slots

	
	T3
	15 slots (unicast) / 25 slots (broadcast)

	Channel access using patterns
	Pattern length
	15 slots (unicast) 20/40 slots (broadcast)

	
	Number of repetitions
	Equal to the number of transmissions per TB

	Sensing distance (dsensing)
	750 m (highway) / 400 m (urban)

	Maximum number of retransmissions (triggered by NACK) for unicast (nmax)
	2



Appendix B	Detailed simulation results
B.1	Broadcast 

B.1.1	Listen-before-talk
[image: ]
[bookmark: _Hlk534794796]Figure 5. PRR performance of listen-before-talk channel access for different sub-channel configurations and different number of transmissions per TB in Highway scenario with aperiodic broadcast traffic.
[image: ]
Figure 6. PRR performance of listen-before-talk channel access for different sub-channel configurations and different number of transmissions per TB in Urban scenario with aperiodic broadcast traffic.
B.1.2	Reservation-based channel access
[image: ]
Figure 7. PRR performance of reservation-based channel access for different sub-channel configurations and different number of transmissions per TB in Highway scenario with aperiodic broadcast traffic.
[image: ]
Figure 8. PRR performance of reservation-based channel access for different sub-channel configurations and different number of transmissions per TB in Urban scenario with aperiodic broadcast traffic.
B.1.2	Channel access using patterns
For channel access using patterns, we present two sets of results. In both cases, we evaluate the behavior for different partitions of the system bandwidth (i.e., in 2 and 4 sub-channels); and for different number of transmissions per TB (i.e., repetitions in the pattern). 
In Figure 8, we show the performance of the channel access procedure when each UE is assigned a single pattern, where each of the transmissions consists of a single slot in a single sub-band. We observe that some of the configurations, result in very poor performance. The reason is that each resource in the pattern (one slot in one sub-band) is not sufficient to carry the largest packets. This suggests that using a single pattern to convey all packet sizes is not a good strategy.
[image: ]
[bookmark: _Ref534188421]Figure 9. PRR performance for channel access using patterns in Highway scenario with aperiodic broadcast traffic. A single pattern is used by each user, regardless of the packet size.
In Figure 9, we show the performance when each UE is assigned multiple patterns, each of them with a different bandwidth. More specifically, if the UE operates in a carrier with 4 configured sub-bands, then it is assigned 1 pattern occupying 1 sub-band, 1 pattern occupying 2 sub-bands, 1 pattern occupying 3 sub-bands, and 1 pattern occupying 4 sub-bands. For each packet, the UE selects the pattern with the smallest number of sub-bands that allows for coding with the target rate in the evaluation assumptions (see Appendix A). In this case, we do not observe the extreme degradation described before.
[image: ]
[bookmark: _Ref534188686]Figure 10. PRR performance for channel access using patterns in Highway scenario with aperiodic broadcast traffic. Different patterns are used by each user, depending on the size of the actual packet to be transmitted.
Finally, in Figure 10 we show results with multiple patterns per UE where each of the resources in the pattern spans 2 slots. Consequently, the patterns have double length.
[image: ]
[bookmark: _Ref534211061]Figure 11. PRR performance for channel access using patterns in Highway scenario with aperiodic broadcast traffic. Different patterns are used by each user, depending on the size of the actual packet to be transmitted. Each transmission of a TB spans 2 slots.
For the Urban scenario, we present results for the case of multiple patterns per UE in Figure 11 (1 slot per transmission) and Figure 12 (2 slots per transmission). 
[image: ]
[bookmark: _Ref534794962]Figure 12. PRR performance for channel access using patterns in Urban scenario with aperiodic broadcast traffic. Different patterns are used by each user, depending on the size of the actual packet to be transmitted.
[image: ]
[bookmark: _Ref534794963]Figure 13. PRR performance for channel access using patterns in Urban scenario with aperiodic broadcast traffic. Different patterns are used by each user, depending on the size of the actual packet to be transmitted. Each transmission of a TB spans 2 slots.
Note: In generating all the results presented in this contribution, a transmitting UE uses the first available resource in the pattern, without waiting for the start in the pattern. We have also tested the case in which a transmitting UE waits until the start of the pattern if necessary. The PRR performance of both approaches is quite similar with a slight advantage for the first one. For this reason, we do not include the results here.
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