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1. Introduction
In RAN-1 #94 meeting, the topics relevant to study of resource allocation mechanism in NR-V2X have been agreed [1], as follows:
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In offline summary [2], in addition, the impact of half-duplex issues on sidelink resource allocation design has been considered.
In this contribution, we study the realization issue of the stringent reliability (such as PRR), under the limitation of half-duplex mode. We propose an orthogonal resource scheduling scheme, which ensures the reception from any vehicle UE without any omission even with half-duplex mode. To this end, we introduce a concept of subgrouping, whereby the vehicle UEs are assigned into the subgroups with a predetermined pattern, and then, the multi-subgroups forms V2X group. In addition, we investigate the performance by SLS, that the orthogonal resource scheduling guarantees the PRR within a certain vehicle-to-vehicle distance.
2. General Descriptions
Technical report (TR) [3] defines different V2X scenarios, requiring the transport of V2X messages with different performance requirements for the 3GPP system. Four use case groups, such as vehicle platooning, advanced driving, extended sensors, and remote driving, corresponding to 25 use cases for advanced V2X services, are described with stringent requirements such as, the maximum end-to-end latency of 3-10ms, the reliability of 99.99-99.999%, the data rate of 25-1000Mbps, and the minimum required communication range of 80-1000meters.
However, the vehicle UE, in general, only equips half-duplex system, meaning that once UE is in the transmission mode, it is not able to make the reception, and vice versa. This is because a half-duplex system provides communication in both directions, but only one direction at a time (not simultaneously). This could significantly reduce the packet reception ratio (PRR).
Figure 1 exemplifies the V2X packet multicast transmission and reception with half-duplex mode, where vehicle UE-2 and vehicle UE-4 are on transmission mode, and they are not able to make the reception, simultaneously. In this case, thus, the PRR is equal to 6/7, even assuming that both packets can be correctly received by other vehicle UEs.
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Figure 1: Example of V2X packets are multicasted to vehicle UEs with half-duplex mode.

Observation-1: Due to the half-duplex limitation, the PRR requirement cannot be fulfilled even assuming that all data packets are correctly received by other vehicle UEs.

3. Orthogonal Resource Scheduling
To avoid the imperfective reception due to the half-duplex system, we introduce an orthogonal scheduling scheme by subgrouping the vehicle UEs located in V2X group. In addition, the randomization process between the scheduled channel resources is performed in order to make the scheduling fairer.
3.1. Pattern Design for Orthogonal Resource Scheduling 
In the orthogonal resource scheduling, several assumptions are made as follows:

· Each data packet is delivered by both initial and repetition transmissions.
· The relation between the two channel resources potentially scheduled for both initial and repetition transmissions is predetermined with the patterns configured by either RRC or L1 signaling (e.g., SCI in PSCCH).
The orthogonal resource scheduling is to ensure each vehicle UE to receive at least one packet, from either the initial transmission or its repetition. To this end, we introduce an orthogonal channel subgroup, which contains N sub-channels in frequency domain, and 
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 sub-channels in time domain. Thus, each subgroup can support 
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Figure 2 illustrates the structure of the orthogonal resource scheduling in subgroup, where each sub-channel is able to deliver a data packet, either initial or repetition, and N sub-channels are placed in frequency domain, and 
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 sub-channels are in time domain, with the allocation rule as follows:
· The sub-channels dedicated to the vehicle UEs with indices of 
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 are located in the 1st column from the 1st row to the N-th row. Then, the sub-channels dedicated to the same vehicle UEs with indices of 
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 are located in the 1st row from the 2nd column to the 
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-th column. The red characters indicate the sub-channels and the vehicle UE index, and the red arrows indicate the allocation direction.
· The sub-channels dedicated to the vehicle UEs with indices of 
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 are located in the 2nd column from the 2nd row to the N-th row. Then, the sub-channels dedicated to the same vehicle UEs with indices of 
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 are located in the 2nd row from the 3rd column to the 
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-th column. The green characters indicate the sub-channels and the vehicle UE index, and the green arrows indicate the allocation direction.
· The same allocation processes repeat from the 3rd column and then 3rd row until the N-th column and the N-th row.
It should be noted that, any vehicle UE with its corresponding index occupies two different sub-channels, where the initial and repetition transmissions are potentially taken place.
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Figure 2: The structure of orthogonal resource scheduling in subgroup.

Figure 3 gives the detailed examples of orthogonal resource scheduling in subgroup, where a) at most 3UEs are supported in case of N=2, b) at most 6UEs are supported in case of N=3, and c) at most 10UEs are supported in case of N=4.
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Figure 3: Examples of orthogonal resource scheduling in subgroup; a) N = 2 supporting at most 3UEs, b) N = 3 supporting at most 6UEs, and c) N = 4 supporting at most 10UEs.
Observation-2: With orthogonal resource scheduling, each vehicle UE enables to make at least one reception from any other vehicle UE; either the initial transmission or repetition.
3.2. Orthogonal Resource Scheduling based V2X Grouping
V2X group is defined as a group, which shares a single resource pool. V2X grouping is to operate the subgroups, where the sub-channels within the resource pool are allocated to the vehicle UEs, so as to guarantee the reception with the maximized PRR. Here, we have to define two parameters prior to the V2X grouping operation, as follows:
· The number of sub-channels in frequency domain, N, as a given parameter,
· The number of UEs served in each V2X group, M, as a given parameter.
Given N, we can derive the number of sub-channels in time domain, N+1, in each subgroup, as well as the maximum supportable number of vehicle UEs in each subgroup, 
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Again, Given N and M, we can derive the number of subgroups, L, in each V2X group, as
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 is the ceiling function.
In order to intuitively explain how the V2X grouping operation works, we give an example with the given parameter of 
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 as the number of subgroups in V2X group, and 
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 time slots (TS) as the V2X group length in time domain, as illustrated in Figure 4.
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Figure 4: Example of V2X grouping operation with N=2, M=7, and L=3.
It should be noted that, in the example, some sub-channels are not dedicated to vehicle UEs, and thus, could be allocated for aperiodic/sporadic packets if arriving in vehicle UEs.
Observation-3: Vehicle UEs in multicast with either periodic traffic or aperiodic traffic can be served by the orthogonal resource scheduling based V2X grouping.
3.3. Randomization in V2X Group
In order to make a fairness on the orthogonal resource scheduling, the randomization procedure between sub-channel locations is carried out, first in frequency domain and then in time domain. This randomization procedure, nevertheless, does not change the property that each vehicle UE makes at least one reception from any other vehicle UE; either the initial transmission or repetition. Figure 5 illustrates an example of randomization between sub-channel locations in V2X grouping operation with 
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. In this example, the randomization is performed between the sub-channels first within the same time slot (TS), namely, the 2nd, 7th, 8th, and 9th time slots. Then, the time slot based randomization is continued between the time slots within V2X group, namely,

TS1→TS1, TS2→TS6, TS3→TS4
TS4→TS9, TS5→TS7, TS6→TS2
TS7→TS3, TS8→TS5, TS9→TS8.
In this case, the idle sub-channels are distributed onto TS2, TS5, TS7, and TS8, which enable to be used for aperiodic/sporadic packet transmission, requiring a stringent latency, in general.
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Figure 5: Example of randomization between subchannels in V2X grouping operation with       N = 2, M = 7 and L = 3.
Observation-4: The randomization procedure makes orthogonal resource scheduling fairer, but does not collapse the property that each vehicle UE makes at least one reception from any other vehicle UE.
4. 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 subframe are used to transmit data and control information. Non-adjacent PSCCH+PSSCH sub-channelization scheme is implemented with two resource scheduling schemes under out of cell coverage (although the orthogonal resource scheduling works well in cell coverage), as follows:
· Conventional sidelink transmission scheme (denoted non-orthogonal scheduling) considers physical sidelink control channel (PSCCH) decoding and physical sidelink shared channel (PSSCH)-RSRP measurement, based on Step 1~9 with full sensing configuration, in section 14.1.1.6 of TS 36.213 [4].

· Orthogonal resource scheduling based sidelink transmission scheme (denoted orthogonal scheduling), proposed in this contribution, allocates orthogonal sub-channels for both PSCCH and PSSCH dedicated to vehicle UEs.
In the SLS, we mainly take the simulation assumptions based on the evaluation methodology [5], where the traffic model supported is model 1 with periodic traffic packet, considering the pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes}. We focus on the ITS band of 5.9GHz with 10MHz bandwidth (baseline for sidelink), equivalent to 50 resource blocks (RBs). As a preparation, we need to collect the link-level block error rate (BLER) curves for PSCCH and PSSCH with the sub-channels of 10RBs and the different size packets, accordingly. The BLER simulation is based on the simulation assumptions, listed in Table 2, in Annex-1. The BLER curve related to PSCCH mapped on to 2RBs is plotted in Figure 9, and the BLER curves related to PSSCH mapped on to 10RBs are plotted in Figure 10. These LLS simulation curves are used for BLER mapping purpose in SLS.
The SLS simulation is performed based on the SLS simulation assumptions, as listed in Table 3. Based on Highway case of 3GPP TR 37.885 V15.0.0 [5], with 70km/h of vehicle speed, the number of vehicles in 2km area is about 270 vehicles on average. In addition, due to 10RBs corresponding to 4 sub-channels in each sub-frame, 400 sub-channels in 100ms interval or sub-frames are available to 200 vehicle UEs for either initial or repetition transmission in V2X group, if the orthogonal resource scheduling is performed. Therefore, the frequency reuse has to be employed between V2X groups, by a reuse factor of two. In the SLS simulation, four scheduling cases are described in Annex 3, and summarized in Table 1.
Table 1: Definition of 4 cases for non-orthogonal and orthogonal resource scheduling with different frequency reuse (FR).
	Scheduling Cases
	Details

	Case-1
	Non-orthogonal scheduling with frequency reuse 1 (FR=1)

	Case-2
	N = 4 in sub-group, L = 20 (sub-groups), 2 V2X-groups (FR=2)

	Case-3
	N = 2 in sub-group, L = 33 (sub-groups), 2 V2X-groups (FR=2)

	Case-4
	N = 1 in sub-group, L = 50 (sub-groups), 2 V2X-groups (FR=2)


The PRR as a function of vehicle-to-vehicle distance is shown in Figure 6, based on either non-orthogonal scheme or orthogonal scheme. The PRRs with the large scale are plotted in Figure 11, for the reference purpose.
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Figure 6: PRR vs. vehicle-to-vehicle distance, based on either non-orthogonal scheme or orthogonal scheme.

According the simulation results, several observations can be made as follows:
· With the non-orthogonal scheme, the PRR cannot be guaranteed even within the short vehicle-to-vehicle distance due to either sub-channel collision or imperfective reception (IR) of half-duplex mode in sidelink transmission. This can be confirmed in Figure 7 and Figure 8, where the number of collisions and the probability of imperfective reception are collected per 100 subframes. The former shows the number of collisions within the distances in the same sub-channel that always occurs and the latter shows the probability of imperfective reception due to half-duplex mode. It should be noted that the frequency reuse in the orthogonal scheduling (e.g., case-3) introduces a little bit imperfective reception as well.
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Figure 7: The number of collisions within the distances in the same sub-channel.
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Figure 8: The probability of imperfective reception due to half-duplex mode.
· With the orthogonal scheme, however, the PRR can be completely guaranteed within the vehicle-to-vehicle distance of 120m, in case-3 and case-4.
· Case-2 shows the worse performance than case-1 when the vehicle-to-vehicle distance is longer than 50m. This is because the worst interference between the V2X group-1 and V2X group-2 in case-2 could be severe due to the same frequency reused in these neighbor V2X groups.
· Case-3 and case-4 show the much better performance because the minimum distance (relevant to interference) between the neighbor V2X groups (using the same sub-channels) is 500m and 750m for case-3 and case-4, respectively. This is why case-4 shows a little bit better performance than case-3.
It should be noted that, in order to improve the performance in terms of high PRR with large overage (vehicle-to-vehicle distance), we can simply increase the bandwidth from 10MHz to 20MHz (baseline for sidelink as well), with frequency reuse factor of one. This has been confirmed by SLS evaluation in our previous contribution [6].
Observation-5: Orthogonal scheduling in conjunction with frequency reuse performs much better performance than non-orthogonal scheduling, and completely guarantees the PRR within the vehicle-to-vehicle distance of 120m.
Proposal-1: The orthogonal resource scheduling should be further studied for both mode-1 and mode-2 in NR-V2X, in order to maximize the PRR when vehicle UE only equips half-duplex system.
5. Conclusion
In this contribution, we have proposed the orthogonal scheduling scheme by subgrouping the vehicle UEs located in V2X group, in order to avoid the sub-channel collision and the imperfective reception due to the half-duplex system. In addition, the randomization process between the scheduled channel resources is performed to make the scheduling fairer. The following observation and proposal should be taken into account.
Observation-1: Due to the half-duplex limitation, the PRR requirement cannot be fulfilled even assuming that all data packets are correctly received by other vehicle UEs.

Observation-2: With orthogonal resource scheduling, each vehicle UE enables to make at least one reception from any other vehicle UE; either the initial transmission or repetition.
Observation-3: Vehicle UEs in multicast with either periodic traffic or aperiodic traffic can be served by the orthogonal resource scheduling based V2X grouping.

Observation-4: The randomization procedure makes orthogonal resource scheduling fairer, but does not collapse the property that each vehicle UE makes at least one reception from any other vehicle UE.
Observation-5: Orthogonal scheduling in conjunction with frequency reuse performs much better performance than non-orthogonal scheduling, and completely guarantees the PRR within the vehicle-to-vehicle distance of 120m.
Proposal-1: The orthogonal resource scheduling should be further studied for both mode-1 and mode-2 in NR-V2X, in order to maximize the PRR when vehicle UE only equips half-duplex system.
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Annex-1: LLS Simulation Assumptions and Results
The BLER simulation for PSCCH and PSSCH is based on simulation assumptions, listed in Table 2. The BLER as function of SNR is shown in Figure 9 and Figure 10, for PSCCH and PSSCH, respectively. The LLS simulation curves are used for BLER mapping purpose (PSCCH and PSSCH) in SLS.
Table 2: LLS simulation assumptions for PSCCH and PSSCH.
	Attributes
	Values or Assumptions

	Channel Type
	AWGN

	Modulation
	QPSK

	Simulation Time
	10sec (10000 Packets)

	Subframe Structure
	LTE-V2X based

	
	

	Number of RBs in PSCCH
	2 RBs

	PSCCH Payload
	32bits (information) + 16bits (CRC)

	Channel Code for PSCCH
	Tail biting convolutional coding,

base on TS36.212 V13.2.0

	
	

	Number of Subchannels in PSSCH
	10RBs

	PSSCH Size
	Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes}[5]

	Channel Code for PSSCH
	Turbo Code, based on TR36.213
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Figure 9: BLER vs. SNR for PSCCH, with 2RBs, convolutional code, in AWGN.
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Figure 10: BLER vs. SNR for PSSCH, with Turbo code, in AWGN.

Annex-2: SLS Simulation Assumptions and Results

The system level simulation is performed based on the simulation assumptions, listed in Table 3. The PRR as a function of vehicle-to-vehicle distance is shown in Figure 11, based on either non-orthogonal scheduling or orthogonal scheduling.
Table 3: SLS simulation assumptions.

	Attributes
	Values or Assumptions

	Number of drop
	2

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

	Scenario
	Base on Highway case of 3GPP TR 37.885 V15.0.0 [5]

	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
	70km/h

	Average inter-vehicle [old channel model]
	2.5[s]

	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
	269 and 299, considering 6 lanes

	SINR calculation interval
	1subcarrier, 1symbol

	Carrier frequency
	5.9[GHz]

	Bandwidth
	10[MHz] (50RBs, 600subcarriers)

	Subcarrier spacing
	15[kHz]

	Subframe length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	2 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

	Additional vehicle blockage loss: Case 3: Otherwise
	Mean: 5 dB
Standard deviation: 4 dB

	Subchannel type
	Non-adjacent PSCCH+PSSCH scheme

	Number of RBs in PSCCH
	2RBs

	Number of RBs in PSSCH
	10RBs

	Size of sub-channel
	10RSs

	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
10RB, 190byte: QPSK, code length 1920bit, TBS 1544bits

10RB, 300byte: 16QAM, code length 3840bit, TBS 2536bits

	Traffic mode
	100ms interval
(190byte packet: 100ms, 300byte packet: 500ms)

	Resource selection scheme
	1. Mode-4 (with SCI decoded, PSSCH-RSRP, S-RSSI) in LTE-V2X
2. 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 10RB: with repetition

Repetition combining: chase combining
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Figure 11: PRR vs. vehicle-to-vehicle distance, based on either non-orthogonal scheme or orthogonal scheme.

Annex-3: Cases of Orthogonal Resource Scheduling
In SLS simulation, we consider 4 cases for non-orthogonal scheduling and orthogonal scheduling. The details are described as follows:
· Case-1: Conventional sidelink transmission scheme with frequency reuse 1 (FR=1) (denoted non-orthogonal scheduling) considers physical sidelink control channel (PSCCH) decoding and physical sidelink shared channel (PSSCH)-RSRP measurement, based on Step 1~9 with full sensing configuration,, in section 14.1.1.6 of TS 36.213 [4].
· Case-2: Orthogonal resource scheduling with N = 4 in sub-group, L = 20 (sub-groups), 2 V2X-groups with FR=2, as illustrated in Figure 12.
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Figure 12: Case-2 for orthogonal resource scheduling with N = 4 in sub-group, L = 20 (sub-groups), and 2 V2X-groups.
· Case-3: Orthogonal resource scheduling with N = 2 in sub-group, L = 33 (sub-groups), 2 V2X-groups with FR=2, as illustrated in Figure 13.
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Figure 13: Case-2 for orthogonal resource scheduling with N = 2 in sub-group, L = 33 (sub-groups), and 2 V2X-groups.
· Case-4: Orthogonal resource scheduling with N = 1 in sub-group, L = 50 (sub-groups), 2 V2X-groups with FR=2 as illustrated in Figure 14.
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Figure 14: Case-2 for orthogonal resource scheduling with N = 1 in sub-group, L = 50 (sub-groups), and 2 V2X-groups.
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication


Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)


Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources


Notes:


eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items.


Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where


UE autonomously selects sidelink resource for transmission


UE assists sidelink resource selection for other UE(s)


UE is configured with NR configured grant (type-1 like) for sidelink transmission


UE schedules sidelink transmissions of other UEs


RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication
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