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1. Introduction
In RAN-1 #94 meeting, Uu-based sidelink resource allocation/configuration in NR-V2X has been agreed [1], as follows:
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RAN-1 #94b meeting [2] agreed to continue studying NR sidelink resource allocation techniques by NR Uu, and especially considering dynamic resource allocation design, as follows:
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In RAN-1 #94b meeting, we have proposed sidelink bi-mode transmission in NR-V2X, which operates with resource selection mechanism by means of both mode-1 and mode-2, and enables to fulfill the stringent requirements in terms of both latency and reliability [3].
In this contribution, we evaluate the performance gain in terms of packet reception ratio (PRR), achieved by the sidelink bi-mode transmission, based on system level simulation.
2. General Descriptions for Sidelink Bi-mode Transmission
In our previous contribution [3], we have proposed the sidelink bi-mode transmission for NR-V2X under the cellular coverage. The main purpose to consider the bi-mode transmission is to fulfill the stringent requirements in terms of both latency and reliability simultaneously; namely, mode-2 is utilized to resolve the latency issue, while mode-1 is to resolve the reliability issue.
For the sake of simplicity but without loss of generality, the system only consists of gNB, V-UE-1 and V-UE-2, where a unicast transmission occurs from V-UE-1 to V-UE-2. This scenario, however, can be simply extended to either sidelink groupcast or broadcast, serving multiple vehicle UEs. The sidelink bi-mode transmission is illustrated in Figure 1 once the data packet arrives with the stringent requirement, and its procedure is described as follows:
· In Phase-1, V-UE-1 transmits the SCI message over PSCCH and its associated transport block (TB) over PSSCH to V-UE-2, through PC5 link, immediately once the packet arrives, based on the procedure of mode 2, as an initial transmission. This process enables the sidelink transmission with very low latency, but fairly poor reliability, due to the inevitable channel collision. Both V-UE-2 and gNB decode the data packet received from the sub-channels, according to the order of SCI and then associated TB. Note that gNB at least needs to decode SCI.
· In Phase-2, gNB, based on the reception status, through Uu link, transmits the PDCCH using DCI to inform the exact sub-channel information to V-UE-1, and grant for its mode-1 based repetition.
· In Phase-3, V-UE-1, relying on the received DCI information, transmits the SCI message over PSCCH and its associated TB over PSSCH, to V-UE-2 for its repetition through mode-1 based PC5 link.
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Figure 1: The proposed sidelink bi-mode NR-V2X transmission.
The detailed description of sidelink bi-mode transmission can be referred to our contribution [3].
Proposal-1: gNB supports to monitor the sidelink mode-2 based initial transmission, detect at least the associated SCI, and control the sidelink mode-1 based repetition.
3. System Level Simulation Evaluation
In our SLS based evaluation, we utilize the same sub-channel structure as LTE-V2X, where the sub-channels as a group of RBs in the same slot are used to transmit data and control information. Non-adjacent PSCCH+PSSCH sub-channelization scheme is implemented with three resource selection schemes under the condition of cell coverage, as follows:
· Conventional sidelink transmission scheme (denoted conventional scheme) considers PSCCH decoding and PSSCH-RSRP measurement, based on step 1~9 with full sensing configuration, in section 14.1.1.6 of TS 36.213 [4]. With conventional scheme, the packet can be quickly delivered once arrival, but experiences a pretty poor PRR due to the inevitable channel collision.
· Frequency-time resource pattern (FTRP) based sidelink transmission scheme (denoted FTRP scheme), proposed on our companion contribution [5], considers that the vehicle UEs are assigned into the subgroups with the (pre-)configured FTRP in order to avoid the half-duplex impact. With FTRP scheme, the channel resources are perfectly controlled by gNB, achieving the best PRR, but facing a fairly large latency.
· Bi-mode sidelink transmission scheme (denoted bi-mode scheme), proposed in this contribution, considers autonomous resource selection for the initial transmission based on mode-2 mechanism, while gNB-controlled resource selection for the repetition based on mode-1 mechanism. With bi-mode scheme, the initial transmission can be performed as quickly as conventional scheme, and the PRR can be guaranteed as good as FTRP scheme.
It should be noted that, in our SLS, we only evaluate the performance of PRR, other than latency. This is because the latency of transmission and reception can be theoretically figured out according to the characteristics of resource selection schemes (refer to our previous contribution [6]).

In the SLS, we rely on the simulation methodology [7], where the periodic traffic model with medium intensity is based on [50] ms inter-packet arrival, and [50]% vehicles generating packets. We focus on the ITS band of 5.9GHz with 20MHz bandwidth, equivalent to 100 resource blocks (RBs). The detailed SLS simulation assumptions are listed in Table 1.
Based on highway case of 3GPP TR 37.885 V15.0.0 [7], with 140km/h of vehicle speed, the number of vehicles in 2km area is about 140 on average. Due to the medium intensity traffic used as the simulation profile, it is reasonably assumed that 40RBs corresponding to 4 sub-channels (each consists of 10RBs) are dedicated to each TB (either initial or repetition) in each slot, in order to ensure the block error rate (BLER). This results in 140 TBs (including both initial and repetition) within 50ms. Owing to 20MHz bandwidth in ITS band of 5.9GHz, the channel resources in each slot only fulfill two TB transmissions, and 70 slots is necessary. This, obviously, is overloaded.
In our SLS simulation, therefore, we consider three types of resource pool assignments corresponding to three resource selection schemes (conventional scheme, FTRP scheme, and bi-mode scheme), with two types of channelization (type-1 with 1x4 subchannels, and type-2 with 2x2 subchannels), respectively. The detailed assumptions are described in Annex-2.
Figure 2 and Figure 3 show the PRR as a function of vehicle-to-vehicle distance, with type-1 and type-2 channelization, respectively. The PRRs with the large scale are plotted in Figure 6 and Figure 7, respectively, for the reference purpose.
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Figure 2: PRR vs. vehicle-to-vehicle distance, with three resource selection schemes, and type-1 channelization (1x4 sub-channels).
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Figure 3: PRR vs. vehicle-to-vehicle distance, with three resource selection schemes, and type-2 channelization (2x2 sub-channels).
According to the simulation results, several observations can be made as follows:

· With conventional scheme, the PRR cannot be guaranteed even within the short vehicle-to-vehicle distance due to either sub-channel collision or imperfective reception of half-duplex mode in sidelink transmission. This can be confirmed in Figure 4 and Figure 5, where the half-duplex imperfective reception ratio (HD-IRR) are collected per 100m, with type-1 and type-2 channelization, respectively. It can be observed that the HD-IRR reaches 0.1% with type-1 channelization, and 1% with type-2 channelization. This severely influences the PRR when a stringent reliability is required. 
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Figure 4: The half-duplex imperfective reception ratio vs. vehicle-to-vehicle distance, with three resource selection schemes, and type-1 channelization (1x4 sub-channels).
[image: image7.emf]1.00E-05

1.00E-04

1.00E-03

1.00E-02

1.00E-01

50 150 250 350 450 550 650 750 850 950

HD

-

IRR

Vehicle-to-Vehicle Distance in m

Half-Duplex Imperfective Reception Ratio (HD-IRR)

(2x2, type-2 channelization )

conventional scheme

FTRP scheme

bi-mode scheme


Figure 5: The half-duplex imperfective reception ratio vs. vehicle-to-vehicle distance, with three resource selection schemes, and type-2 channelization (2x2 sub-channels).
· With FTRP scheme, the PRR can be guaranteed within the vehicle-to-vehicle distance of 100m, for both type-1 and type-2 channelization. This can be confirmed in the results of HD-IRR, in both Figure 4 and Figure 5 as well, where the HD-IRR is much lower compared to others. It should be noted that without frequency reuse, HD-IRR can be perfectly controlled to be zero (refer to our companion contribution [5]), and with frequency reuse, however, some lower level HD-IRR occasionally occurs due to the necessary reception between the neighbor V2X groups (refer to Figure 8 - Figure 11).
· With bi-mode scheme, the PRR is much better than that with conventional scheme, and fairly approaches to that with FTRP scheme. Only exception is, within the range of short distance (less than 150m), bi-mode scheme experiences a little bit worse PRR performance as opposed to FTRP scheme. This is because bi-mode scheme is not capable of avoiding the half-duplex impact.
Observation-1: FTRP scheme performs the best performance, and completely guarantees the PRR within the vehicle-to-vehicle distance of 100m.
Observation-2: Bi-mode scheme offers much better performance than conventional scheme, and its PRR fairly approaches to that with FTRP scheme. It provides outstanding comprehensive performance in terms of PRR, latency, and transmission efficiency.
Proposal-2: Bi-mode scheme should be further studied for both mode-1 and mode-2 in NR-V2X, in order to optimize the performance of PRR and latency.
4. Conclusion
In this contribution, we have analyzed the SLS performance evaluation associated with the sidelink bi-mode transmission for NR-V2X under the condition of cellular coverage. The bi-mode transmission is outstanding in terms of PRR reliability, latency and transmission efficiency, and able to fulfill the stringent requirement. The following observations and proposals should be taken into account.
Proposal-1: gNB supports to monitor the sidelink mode-2 based initial transmission, detect at least the associated SCI, and control the sidelink mode-1 based repetition.
Observation-1: FTRP scheme performs the best performance, and completely guarantees the PRR within the vehicle-to-vehicle distance of 100m.
Observation-2: Bi-mode scheme offers much better performance than conventional scheme, and its PRR fairly approaches to that with FTRP scheme. It provides outstanding comprehensive performance in terms of PRR, latency, and transmission efficiency.
Proposal-2: Bi-mode scheme should be further studied for both mode-1 and mode-2 in NR-V2X, in order to optimize the performance of PRR and latency.
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Annex-1: SLS Simulation Assumptions and Results

The system level simulation is performed based on the simulation assumptions, listed in Table 1. 
Table 1: SLS simulation assumptions.

	Attributes
	Values or Assumptions

	Number of drop
	2

	Simulation length
	5000[slots](5s) + warmup(8000[slots])

	Scenario
	Base on Highway case of 3GPP TR 37.885 V15.1.0 [7], applying R1-1811915

	Channel model
	Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

	Speed of vehicle
	140km/h

	The distance between the rear bumper of a vehicle and the front bumper 
[new channel model]
	Average 2.0[s] with min 2[m]
(vehicle length 5[m])

	Average number of vehicles
	About 140, considering 6 lanes

	SINR calculation interval
	1RB, 1slot

	Carrier frequency
	5.9[GHz]

	Bandwidth
	20[MHz] (100RBs, 1200subcarriers)

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Number of DMRS
	4

	Subchannel type
	Non-adjacent PSCCH+PSSCH scheme

	Number of RBs in PSCCH
	2RBs

	Number of RBs in PSSCH
	40RBs (4 sub-channels)

	Size of sub-channel
	10RBs

	Modulation and Code rate
Error curve type
of PSCCH
	Tail biting convolutional coding 
(constraint length 7, cade rate1/3)
code length 384bits, information bits 32bits + CRC 16bits

	Modulation and Code rate
Error curve type
of PSSCH
	Turbo code
40[RB×subframe], 800byte：

per CB, code length 14582bit, TBS  6144bit  (16QAM)

40[RB×subframe], 1200byte：

per CB, code length 9600bit, TBS  6144bit (16QAM)

	Traffic mode
	50ms inter-packet arrival, 50% vehicles generate packets

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP, S-RSSI) in LTE-V2X
2. Mode-1: Orthogonal PSCCH and PSSCH

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	Randomly select a value between [5 15] in traffic interval 100ms
1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Sub-channel 40RB: with repetition

Repetition combining: chase combining
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Figure 6: PRR vs. vehicle-to-vehicle distance, with three resource selection schemes, and type-1 channelization (1x4 sub-channels).
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Figure 7: PRR vs. vehicle-to-vehicle distance, with three resource selection schemes, and type-2 channelization (2x2 sub-channels).
Annex-2: Resource Pool Assignments
In our SLS simulation, we consider the three types of resource pool assignments corresponding to three resource selection schemes (conventional scheme, FTRP scheme, and bi-mode scheme), with two types of channelization (type-1 with 1x4 subchannels, and type-2 with 2x2 subchannels), as follows
· Conventional scheme: Single resource pool; each V-UE autonomously selects the channel resources of contiguous 40 RBs from the resource pool in 20MHz bandwidth (20 RBs for PSCCH and 80 RBs for PSSCH).

· Type-1 channelization (1x4 sub-channels), and type-2 channelization (2x2 sub-channels) are applied.
· FTRP scheme: gNB assigns the channel resources of contiguous 40 RBs for initial transmission from the resource pool in 10MHz bandwidth (10 RBs for PSCCH and 40 RBs for PSSCH) for initial transmission, and the channel resources of contiguous 40 RBs for repetition from the resource pool in the remained 10MHz bandwidth.

· Type-1 channelization (1x4 sub-channels) as shown in Figure 8
· Type-2 channelization (2x2 sub-channels) as shown in Figure 9
· Bi-mode scheme: Each V-UE autonomously selects the channel resources of contiguous 40 RBs for initial transmission from the resource pool in 10MHz bandwidth, while gNB assigns the channel resources of contiguous 40 RBs for repetition from the resource pool in the remained 10MHz bandwidth.

· Type-1 channelization (1x4 sub-channels) as shown in Figure 10
· Type-2 channelization (2x2 sub-channels) as shown in Figure 11
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Figure 8: FDM based resource pool assignment for both initial and repetition with FTRP scheme (1x4 channelization, type-1).
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Figure 9: FDM based resource pool assignment for both initial and repetition with FTRP scheme (2x2 channelization, type-2).
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Figure 10: Resource pool assignment for repetition with bi-mode scheme (1x4 channelization, type-1).
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Figure 11: Resource pool assignment for repetition with bi-mode scheme (2x2 channelization, type-2).
Study at least the following NR sidelink resource allocation techniques:


Dynamic resource allocation


Activation/deactivation based


E.g., semi-persistent scheduling allocation or NR grant free type-2


RRC (pre-)configured


E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC


RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not





Continue studying NR sidelink resource allocation techniques by NR Uu for mode-1:


Dynamic resource allocation


Semi-persistent scheduling allocation or NR grant type-2 (activation/de-activation by physical layer signaling)


Grant free transmission i.e., configured NR grant type-1
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