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1. Introduction
In RAN-1 #96bis meeting, the topics relevant to study of resource allocation with mode-2 in NR-V2X have been agreed [1], as follows:
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In this contribution, we resolve the issue on the resource allocation for aperiodic traffic. Our focus is on the realization of the transmission for the diverse traffic with different packet size based on the above agreements. To this end, we propose a novel resource allocation scheme, whereby an arrival packet is segmented into multiple TBs, among which the first TB is transmitted without reservation, and the remained TBs are with reservation by SCI associated with the first TB. Based on our analysis, we believe that the proposed resource allocation scheme properly works well for both initial TB and retransmission TB, so that the aperiodic packet with diverse size can be efficiently delivered. The SLS evaluation shows that the proposed scheme offers the much high benefits over the mode-2a based resource allocation scheme.
2. Resource Allocation for Aperiodic Diverse Traffic
In our previous contributions [2], we have studied the resource allocation scheme for both periodic and aperiodic traffics. It has been observed that, the virtual location index (V-LID) based dynamic the time-frequency resource pattern (TFRP) scheme offers the outstanding performance over the mode-2, and its PRR and PIR is very close to what achieved by fully gNB-controlled TFPR, for periodic traffic [2]. In this contribution, we further study the resource allocation scheme for aperiodic traffic with diverse packet size, in consideration of TB based reservation.
A packet (or IP packet), in general, is defined as a PDU, that has to be processed by the Tx UE of a radio link layer protocol (e.g., RLC in RAN), and delivered by the corresponding the Rx UE to the upper layer (e.g., PDCP in RAN) [4]. The Tx UE delivers the packet to the corresponding PDCP in the Rx UE by using functionality in MAC and physical layers. RLC PDU with diverse size, in general, is segmented to properly fit a transport block, which is scheduled by MAC and delivered by physical layer.

According to the evaluation methodology in TR 37.885 [3], the range of packet size could vary between 200 bytes and 2000 bytes for medium traffic intensity, and between 10000 bytes and 30000 bytes for high traffic intensity. Channel resource allocation handled for such a diverse packet size is more challenge other than that for a constant packet size, particularly for aperiodic traffic. In what follows, we further discuss the resource allocation for TB based initial transmission and retransmission, based on the resource reservation mechanism.
2.1. TB based Initial Transmission
In RAN-1 #96 meeting, it is agreed that NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure. This agreement can be efficiently applied for packet initial transmission.

We believe that in MAC, the SDU is segmented to M TBs, with the same or different sizes, denoted as TBm, where 
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. It should be noted that, M and TB size depend on the delay budget associated with the packet QoS, and the available channel resources. In the illustration of Figure 1, an IP packet is segmented into 4 TBs 
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, which is transmitted in the allocated TFRP based physical sub-channels.
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Figure 1: Illustration of IP packet segmented to M = 4 TBs, and transmitted on the physical sub-channel.
As discussed in [2], the TFRP is defined in each sub-group (SG); each SG contains 
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 TFRP resources, and each TFRP resource consists of two sub-channels with the fixed size (one for initial TB and the other for repetition), where N is the number of sub-channels available in frequency domain. Once a packet arrives with QoS (such as reliability and latency), the segmented M TBs, spanning on M SGs, is determined based on the packet size, delay budget, and sub-channel size. In our proposed resource allocation scheme, the mechanism without the reservation is utilized to allocate the TFRP resources for TB1, while the mechanism with the reservation is to allocate the TFRP resources for the remained TBs. More specifically, for TB1, the resource allocation mechanism relies on the first agreement, based on sensing and resource selection procedure without the reservation, while for the remained 
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 TBs, the resource allocation mechanism relies on the second agreement, based on the reservation by the SCI associated with TB1.
Figure 1 exemplifies a packet arrival within SG-1, where the packet is segmented into 4 TBs. TB1 can be delivered on either the predetermined TFRP resource occasioned in SG-2 or the autonomously selected resource based on mode-2a mechanism. Throughout this contribution, for the sake of generality, the TFRP resource dedicated for the first initial TB transmission (TB1) is autonomously selected based on mode-2a, although V-LID scheme [2] can achieve even better PRR and PIR performance. In the example, thus, TB1 is delivered on the autonomously selected TFRP resource with both initial transmission and repetition. TB2, TB3, and TB4 are delivered in SG-3, SG-4, and SG-5, sequentially, where the dedicated TFRP resources are reserved by the SCI associated with TB1. With the cascade reservation manner, alternatively, the TFRP resources dedicated for TB2, TB3 and TB4 can be reserved by the SCIs, respectively, associated with TB1, TB2 and TB3.
Observation-1: A packet delivered by RLC can be segmented into multiple TBs with the same size, and sequentially delivered by PHY in TDM manner. The channel resource dedicated for the first TB can be either (pre-)configured/determined with a periodic occasion or autonomously selected, while the channel resources for the remained TBs can be reserved by SCI associated with the previous TB.

2.2. TB based Retransmission

In order to improve the PRR performance and fulfill the stringent reliability, a TB based HARQ retransmission is indispensable. In our proposal, the resource dedicated for retransmission could be either reserved by an SCI associated with a different TB, or autonomously selected by Tx UE, depending on the channel condition. The retransmission procedure, thus, can be taken into account with two scenarios:

· Scenario-1: a TB received in error is not the last TB, and then the resource for retransmission can be reserved by an SCI associated with the TB sending immediately after receiving a NAK, as exemplified in Figure 2.
· Scenario-2: a TB received in error is the last TB, and then the resource for retransmission can be selected
· Either without the reservation if the condition of previous TB receptions is good enough (e.g., based on the measurement). In this case, the autonomous resource selection based on the first agreement is taken into account if the retransmission is necessary, as exemplified in Figure 3.
· Or with the reservation if the condition of previous TB receptions is poor (e.g., based on the measurement). In this case, the resource allocated for the potential retransmission should be reserved by an SCI associated with the previous TB, as exemplified in Figure 4. In this case, the resource reservation based on the second agreement is taken into account regardless of whether the last TB retransmission occurs. The reserved resource, of course, may be wasted if the last TB is successfully received.
Figure 2 exemplifies the TB based retransmission in the scenario-1, where TB2 is received in error, and a NAK is fed back to Tx UE between TB3 initial transmission and repetition. Thus, the resource dedicated for TB2 retransmission is reserved by the SCI associated with repeated TB3.
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Figure 2: Retransmission in scenario-1, with resource reservation.
Figure 3 exemplifies the TB based retransmission in the scenario-2, where the last TB4 is received in error, and a NAK is fed back to Tx UE. In this case, the resource dedicated for retransmission is not reserved due to the good channel condition (e.g., less NAKs fed back from Rx UEs in the previous receptions). Thus, the resource dedicated for TB4 retransmission if necessary is autonomously selected by mode-2a mechanism in SG-6.
[image: image8.emf]Delay Budget

Time

Frequency

Sub-Group-2

Init.TB

Repet. TB

PSCCH

SG-1

SG-3 SG-4

SG-5 SG-6

ReTxTB ReTxrepet. TB

NAK(4)

TB4

Arrival Packet

TB1 TB2 TB3 TB4

TB1

TB2

TB3

TB4

TB1

TB2 TB3

TB4

TB4


Figure 3: Retransmission of the last TB in scenario-2, without resource reservation.
Figure 4 exemplifies the TB based retransmission in the scenario-2, where the last TB4 is received in error, and a NAK is fed back to Tx UE. In this case, the resource dedicated for retransmission is reserved by SCI associated with either initial TB3, or repeated TB3, due to the poor channel condition (e.g., a certain number of NAKs fed back from Rx UEs in the previous receptions). In this case, the reserved resource may be wasted if the last TB is successfully received. Compared to the reservation based retransmission with a larger size of TB, nevertheless, the wasted resource could be negligible.
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Figure 4: Retransmission of the last TB in scenario-2, with resource reservation.

Observation-2: The resource dedicated for the retransmission TB can be either autonomously selected based on sensing and resource selection procedure, or reserved by SCI associated with different TB, depending on the status of reception within the group.
Proposal-1: The resource dedicated for the retransmission TB is either autonomously selected based on sensing and resource selection procedure, or reserved by a SCI associated with different TB. Standalone PSCCH transmission for resource reservations is not necessary.
3. System Level Simulation Evaluation
In our SLS based evaluation, we utilize the sub-channel structure, where the sub-channels as a group of RBs in the same slot are used to transmit data and control information with two resource selection schemes, as follows:
· Mode-2a transmission scheme (denoted mode-2a scheme) considers PSCCH decoding and PSSCH-RSRP measurement with initial transmission and repetition, as a benchmark, based on step 1~9 with full sensing configuration, in section 14.1.1.6 of TS 36.213 [5].
· TFRP based mode-2 scheme (denoted TFRP mode-2 scheme) proposed in [2] considers that the vehicle UEs are assigned into the subgroups with the autonomously selected TFRP pattern in order to avoid the half-duplex impact. In this case, a geographic distance based HARQ protocol is employed, with the number of maximum retransmission, Nmax = 1 or 2.
In our SLS, we evaluate the performance in terms of PRR and PIR. The simulation methodology relies on 3GPP TR 37.885 [3], where the aperiodic traffic model with medium intensity is applied. 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 2 of Annex-1.

Based on the highway case of 3GPP TR 37.885 under the LOS environment [3], 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, the assumptions with the aperiodic traffic model are considered for the sub-channelization utilized for each Tx UE. 20RBs consists of 1 sub-channel dedicated to data traffic, corresponding to 5 sub-channels in frequency domain, where 2RBs are dedicated for PSCCH and 18RBs are for PSSCH. In this case, the TFRP is generated based on 
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, as described in [2]. Due to the arrival aperiodic packets with the varying sizes, the number of sub-channels is dynamically allocated to each data packet, relying on Table 1. 
Table 1: Sub-channel assignment for aperiodic data packet.
	Packet Size (byte)
	# of Sub-Channels
	Code Rate

	200
	1
	0.2350 

	400
	1
	0.4664 

	600
	2
	0.3490 

	800
	2
	0.4647 

	1000
	2
	0.5804 

	1200
	3
	0.4641 

	1400
	3
	0.5413 

	1600
	3
	0.6184 

	1800
	4
	0.5217 

	2000
	4
	0.5796 


Figure 5 shows the PRR as a function of vehicle-to-vehicle distance, in case of aperiodic traffic, compared between mode-2a and TFPR mode-2, with Nmax = 1 and Nmax = 2. The PRR with the large scale is plotted in Figure 7, for the reference purpose.
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Figure 5: PRR vs. vehicle-to-vehicle distance, compared between mode-2a and FTRP, with aperiodic traffic.
Figure 6 shows the PIR as a function of vehicle-to-vehicle distance, in case of aperiodic traffic, also compared between mode-2a and TFPR mode-2, with Nmax = 1 and Nmax = 2.
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Figure 6: PIR vs. vehicle-to-vehicle distance, compared between mode-2a, and FTRP, with aperiodic traffic.
According the simulation results, several observations can be made as follows:

· TFRP mode-2 scheme jointly with a geographic distance based HARQ protocol is outstanding to mode-2a, where the distance related PRR becomes fully controllable with the geographic communication range.
· The PIR is almost controllable for vehicle-to-vehicle distance of 100m as mode-2a, but slightly degraded when the reachable communication range increases.
· By increasing the number of maximum retransmission, Nmax, the PRR performance can be further improved, but at the cost of slight degradation of PIR.
As a consequence, the reservation mechanisms in the agreements are enough to handle both initial transmission and retransmission, and provide the very reliable resource selection.
Observation-3: the TFRP mode-2 scheme jointly with distance based HARQ feedback can offer the very reliable performance in terms of PRR and latency.
4. Conclusion
In this contribution, we have resolved the issue on the resource allocation for aperiodic traffic, focusing on the realization of the transmission for the diverse traffic with different packet size. In the proposed scheme, the Tx UE segments the arrival packet into multiple TBs, among which the first TB is transmitted without the reservation, and the remained TBs are transmitted with the reservation by SCI associated with the first TB. Based on the SLS analysis, it has been confirmed that the proposed resource allocation scheme properly works for both initial transmission and retransmission. The following observations and proposals should be taken into account.
Observation-1: A packet delivered by RLC can be segmented into multiple TBs with the same size, and sequentially delivered by PHY in TDM manner. The channel resource dedicated for the first TB can be either (pre-)configured/determined with a periodic occasion or autonomously selected, while the channel resources for the remained TBs can be reserved by SCI associated with the previous TB.

Observation-2: The resource dedicated for the retransmission TB can be either autonomously selected based on sensing and resource selection procedure, or reserved by SCI associated with different TB, depending on the status of reception within the group.

Observation-3: the TFRP mode-2 scheme jointly with distance based HARQ feedback can offer the very reliable performance in terms of PRR and latency.
Proposal-1: The resource dedicated for the retransmission TB is either autonomously selected based on sensing and resource selection procedure, or reserved by a SCI associated with different TB. Standalone PSCCH transmission for resource reservations is not necessary.
References
[1] 3GPP TSG RAN WG1 Meeting #96bis, RAN1 Chairman’s Notes, Xi’an, China, 8th – 12th April, 2019.
[2] 3GPP RAN WG1 #96b, R1-1905375, “Geographic Information based Dynamic TFRP Resource Selection Procedure in NR-V2X”, Fujitsu.
[3] 3GPP TR 37.885, “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR”, V15.1.0, September 2018.
[4] 3GPP TS 23.501, “System Architecture for the 5G System”, V16.0.2, April 2019.
[5] 3GPP TS 36.213, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”, V15.0.0, Dec. 2017.
Annex-1: SLS Simulation Assumptions and Results

The system level simulation is performed based on the simulation assumptions, listed in Table 2. 
Table 2: SLS simulation assumptions.

	Attributes
	Values or Assumptions

	Number of drop
	30

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

	Scenario
	Base on Highway case of 3GPP TR 37.885 V15.1.0 [3]

	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 
	Average 2.0[s] with min 2[m]
(vehicle length 5[m])

	Average number of vehicles
	145 on average, in 6 lanes

	SINR calculation interval
	1 RB, 1 slot

	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
	PSCCH+PSSCH scheme

	Number of RBs in PSCCH
	2RBs

	Number of RBs in PSSCH
	18, 36, 54, and 72RBs

	Size of sub-channel
	20RB

	Modulation and Code rate
Error curve type
of PSCCH
	QPSK, Polar coding 

	Modulation and Code rate
Error curve type
of PSSCH
	16QAM, LDPC
200byte：18[RB×subframe], R=0.2350

400byte：18[RB×subframe], R=0.4664 

600byte：36[RB×subframe], R=0.3490 

800byte：36[RB×subframe], R=0.4647 

1000byte：36[RB×subframe], R=0.5804 

1200byte：54[RB×subframe], R=0.4641 

1400byte：54[RB×subframe], R=0.5413 

1600byte：54[RB×subframe], R=0.6184 

1800byte：72[RB×subframe], R=0.5217 

2000byte：72[RB×subframe], R=0.5796

	Traffic mode
	Aperiodic traffic: 100ms inter-packet arrival, 100% vehicles generate packets

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP)
2. TFRP based PSCCH and PSSCH

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	Randomly select a value between [10 30] in traffic interval 50ms
1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Repetition combining: chase combining with

the same number of sub-channels as initial Tx
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Figure 7: PRR vs. vehicle-to-vehicle distance, compared between mode-2a and FTRP, with aperiodic traffic.
The first agreement: NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure.


The second agreement: NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure


This functionality can be enabled/disabled by (pre-)configuration


FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X
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