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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 in [2].
[bookmark: _Ref178064866]2	Resource allocation schemes

2.1	Listen-before-talk
During RAN1#94 and RAN1#94bis, there were extensive discussions on the suitability of LBT-like procedures for serving eV2X traffic. In this section, we provide some insights into the performance of LBT-like procedures and make some observations about the desirable properties of the RA procedure. 
We have evaluated the performance of the following LBT-like procedure:
· The channel is divided into multiple sub-bands or sub-channels.
· The transmission of a UE is restricted to a single sub-band but may consists of an aggregation of multiple slots. We consider two alternative PHY layer structures:
· Alt 1. The first slot in the bundle contains PSCCH (carrying SCI) and PSSCH. The remaining slots carry PSSCH only.
· Alt 2. All the slots in the bundle contain PSCCH (carrying SCI) and PSSCH.
· It is enough to decode PSCCH carried in a single slot to be able to process the PSSCH in all the future slots in the bundle. For example, if a bundle consists of N slots, a receiver decoding PSCCH from in the Xth (X = {1,2,…,N}) can process the PSSCH contributions from slots {X,…,N}.
· The actual number of slots is selected to ensure that a minimum (transmit) energy per information bit is used with the additional constraint that the coding rate must be below 0.75. Energy per information bit considerations and values are discussed in [2].
· SCI includes reservation information for all (future) slots in the bundle. 
· UEs continuously sense the transmission medium, decoding the SCIs transmitted by other UEs. SCI decoding is used to conclude whether the channel is idle or busy and in the latter case, for how long.
· After a packet arrives at the TX buffer, the UE performs the listen-before-talk (LBT) assessment of the channel:
· If one or more sub-bands are idle in the upcoming slot, the UE selects one at random and starts transmitting.
· If all sub-bands are busy but the packet can tolerate some delay, the UE enters backs off for some random time.
· During back-off, the UE continues to monitor the channel.
· Once back-off is completed, the UE repeats the LBT assessment of the channel.
· If all the sub-bands are busy but the packet cannot tolerate further delays (e.g., because the latency budget is exhausted), the UE selects one sub-band at random and starts transmitting. 
This realization of LBT captures the essential aspects of the proposals by multiple companies.
For the evaluations we have considered the broadcast profile with aperiodic traffic agreed in RAN1#94bis, but many of the observations made in the following hold also for the other profiles and traffic models in TR 37.885. We present results for the highway layout (Figure 1, Figure 2, and Figure 3) followed by results for the urban layout (Figure 4 and Figure 5). Detailed evaluation assumptions can be found in the appendix.
Figure 1 shows the PRR performance for different number of sub-bands. Clearly, some degree of frequency multiplexing is necessary to ensure availability of resources for transmission. Otherwise, the back-off procedure exhausts the latency budget of the packet and the UE is forced to use resources sensed to be busy. Although it is not shown in the figure, having too many sub-channels also degrades performance due to increased IBE as well as missed transmissions due to half-duplex constraints.
Figure 2 shows the PRR performance for different levels of resource provisioning (i.e., when the UE aims at different energy per bit values). As we can see, increasing the energy per bit beyond a certain point is counterproductive. The reason is that UEs are forced to aggregate larger number of slots, increasing channel occupancy, interference, and exposing themselves to half-duplex losses more often. In addition, in this figure we show the performance with different number of PSCCH transmission per bundle. It seems that transmitting PSCCH in every slot is not beneficial as the gains in channel occupancy assessment cannot offset the losses due the increased system load (i.e., resources used for transmission of the multiple PSCCHs). In other words, from a system-performance point of view, having a single but very reliable transmission of PSCCH is better than having multiple transmissions of PSCCH.
Figure 3 shows the latency performance for different number of sub-bands and energy per information bit. Latency is defined here as the time between the packet arrival time and the time of successful reception. Note that this figure does not include unsuccessful packet transmissions (i.e., with infinite latency). The most important observation to make is that, even in low-to-moderate loads, LBT channel access cannot guarantee very low latencies. When it comes to the impact on latency of sub-band configuration, we observe that it is not desirable to have very few sub-bands (i.e., long channel access latency but short transmission time) nor too many of them (i.e., short channel access latency but long transmission time). In addition, here we also see that excessive use of channel resources (e.g., by targeting too high an energy-per-bit value) is undesirable.
Figure 4 and Figure 5 show similar results for the urban layout. Although the preceding observations still apply, the performance is very low (both for PRR and latency), indicating that LBT solutions alone are not suitable for NR sidelink.
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[bookmark: _Ref528784730]Figure 1. PRR performance for different level of sub-bands (target energy per bit is 5e-08 and single PSCCH per slot bundle is used).
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[bookmark: _Ref528832262]Figure 2. PRR performance for different energy-per-bit values and different number of PSCCH transmissions per slot bundle (with 4 sub-bands).
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[bookmark: _Ref528832263]Figure 3. Latency performance for number of sub-bands and different energy-per-bit values (single PSCCH per slot bundle is used).[image: ]
[bookmark: _Ref528922561]Figure 4. PRR performance for different level of sub-bands (target energy per bit is 5e-08 and single PSCCH per slot bundle is used).
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[bookmark: _Ref528922562]Figure 5. Latency performance for different level of sub-bands (target energy per bit is 5e-08 and single PSCCH per slot bundle is used).
2.2	Random channel access
To serve as a crude benchmark, we have evaluated the PRR performance of the following random channel access procedure:
· The channel is divided into multiple sub-bands or sub-channels.
· The transmission of a UE is restricted to a single sub-band but may consists of an aggregation of multiple slots. The first slot in the bundle contains PSCCH (carrying SCI) and PSSCH. The remaining slots carry PSSCH only.
· The actual number of slots is selected to ensure that a minimum (transmit) energy per information bit is used with the additional constraint that the coding rate must be below 0.75. Energy per information bit considerations and values are discussed in [2]. 
· After a packet arrives at the TX buffer, the UE selects a subchannel at random within a selection window (10 slots)
We present PRR and latency results for the highway layout in Figure 6 and Figure 7, respectively. Detailed evaluation assumptions can be found in the appendix. Clearly, the use of slot bundling is not compatible with random channel access. 
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[bookmark: _Ref528922941]Figure 6. PRR performance for different level of sub-bands (target energy per bit is 5e-08 and single PSCCH per slot bundle is used).[image: C:\Users\ericabl\Documents\MATLAB\V2V\FIKA5G\branches\ERICABL_181021_dev_sidelink_main\results\templates\Figure05.png]
[bookmark: _Ref528922943]Figure 7. Latency performance for different level of sub-bands (target energy per bit is 5e-08 and single PSCCH per slot bundle is used).
3	Discussion
From the results presented above, we can conclude the following:
· Slot bundling is not compatible with random channel access.
· Listen-before-talk procedure has better performance but falls short of meeting the PRR and latency requirements. More specifically,
· It has a PRR ceiling even for close distances due to half-duplex and in-band emissions.
· It cannot guarantee very low channel access latency.
· Frequency multiplexing of users is necessary.
[bookmark: _Toc528955477]Listen-before talk channel access cannot meeting the PRR and latency requirements of NR V2X:
· [bookmark: _Toc528955478]It has a PRR ceiling even for close distances due to half-duplex and in-band emissions.
· [bookmark: _Toc528955479]It cannot guarantee very low channel access latency.
[bookmark: _Toc528955480]Slot bundling and frequency multiplexing are necessary.
[bookmark: _Toc528955481]Methods to prevent UEs from overprovisioning their allocations are needed.  
Conclusion
In the previous sections we made the following observations: 
Observation 1	Listen-before talk channel access cannot meeting the PRR and latency requirements of NR V2X:
	It has a PRR ceiling even for close distances due to half-duplex and in-band emissions.
	It cannot guarantee very low channel access latency.
Observation 2	Slot bundling and frequency multiplexing are necessary.
Observation 3	Methods to prevent UEs from overprovisioning their allocations are needed.
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Appendix: Evaluation assumptions
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	20 MHz

	Sub-carrier spacing
	30 kHz

	Scenario
	Highway Option A

	Traffic model
	Medium intensity, 100% vehicles generate packets

	PSCCH
	Allocation (including overhead)
	3 OFDM symbols, 1 sub-band (if transmitted in a slot)

	
	Repetitions
	1 per slot bundle (Alt. 1) / 1 per slot (Alt. 2)

	
	Modulation
	QPSK

	PSSCH
	Allocation (including overhead)
	9 OFDM symbols, 1 sub-band (if PSCCH is transmitted in the same slot)
14 OFDM symbols, 1 sub-band (if PSCCH is not transmitted in the same slot)

	
	Transmissions per TB
	1

	
	Modulation
	16-QAM

	Overhead (for both PSSCH and PSCCH)
	6/14 (GP, DMRS, AGC)

	LBT back-off window
	10 slots
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