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1. Introduction
This contribution is updated based on the contribution submitted in R1-1908220.

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 RAN-1 #97 meeting, the topics relevant to study of physical layer structure in NR-V2X have been agreed [2], 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.

Moreover, since it has been agreed that Tx UE’s location is indicated by SCI associated with the PSSCH, we propose two location acquisition mechanisms relying on Zone-ID, such as explicit location acquisition, and implicit location acquisition. The former is to explicitly acquire the Zone-ID of Tx UE, via SCI conveyed on PSCCH, and the latter is to implicitly acquire Zone-ID of Tx UE, based on which resource in use where Tx UE transmits the control and data signal, and Rx UE conducts the associated detection process.
Finally, we introduce somewhat new parameters to avoid the collision of resource selection according to the location zone concept. The new parameters available in each zone are related to resource ID and geographic location update timing, known between the Tx UEs in proximity.
2. Resource Allocation for Aperiodic Diverse Traffic
In our previous contributions [3], 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 [3]. 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) [5]. 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 [4], 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 [3], 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 [3] 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.
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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.
2.3. 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 [6].
· TFRP based mode-2 scheme (denoted TFRP mode-2 scheme) proposed in [3] 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 [4], 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 3 of Annex-1.

Based on the highway case of 3GPP TR 37.885 under the LOS environment [4], 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 [3]. 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 10, 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.
[image: image13.emf]80.0

100.0

120.0

140.0

160.0

180.0

200.0

220.0

240.0

0 50 100 150 200 250 300 350 400 450 500

PIR

Vehicle-to-Vehicle Distance [m]

PIR vs. Vehicle-to-Vehicle Distance for Periodic Traffic

mode-2a, Nmax = 0

mode-2a, Nmax = 1

TFRP mode-2, 100m, Nmax=1

TFRP mode-2, 200m, Nmax=1

TFRP mode-2, 320m, Nmax=1

TFRP mode-2, 100m, Nmax=2

TFRP mode-2, 200m, Nmax=2

TFRP mode-2, 320m, Nmax=2


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.
3. Location-Zone based TX-RX Distance Acquisition
Geographic location information is indispensable in V2X application (e.g., advanced driving as a use case group). The location of Tx UE can be alternatively conveyed by high layer RRC signalling, and in general, indicated by the geographic coordinate with the quantization by limited bits. This quantized geographic location is denoted as Zone-ID, where the resource pool(s) is individually allocated. In RAN-1 #97 meeting [2], it has been agreed that Tx UE’s location is indicated by SCI associated with the PSSCH, and the Tx-Rx distance is estimated by Rx UE based on its own location and Tx UE location. It is also agreed that, moreover, the used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH. However, how to acquire the location information is still open for further study.
In what follows, we propose two mechanisms for Rx UE to acquire the location information from Tx UEs.
· Explicit location acquisition: Zone-ID can be explicitly acquired by Rx UE, via SCI conveyed on PSCCH in the groupcast communication of NR-V2X.
· This mechanism is only applied in Tx UE with groupcast traffic, in which the location information of Tx UE is encapsulated in SCI, based on the current ongoing NR-V2X.
· The number of bits dedicated to the location indication should not be permitted too large, e.g., 8-10bits in general.
· Implicit location acquisition: Zone-ID can be implicitly acquired by Rx UE, based on which resource in use where Tx UE transmits the control and data signal, and Rx UE conducts the associated detection process. This is because the information of resource pools associated with Zone-ID is transparent to all Tx/Rx UEs.
· In this case, instead of the location information, the source ID of Tx UE should be encapsulated in SCI conveyed over PSCCH. Rx UE identifies the source ID of Tx UE and the resource pool in use, and figures out Tx UE Zone-ID. One constraint is on the resource pools, which are independently (pre-)configured in Zone-IDs. In LTE-V2X [7], Zone-IDs can be preconfigured in common resource pool with 8 Tx maximum resource pools and 16 Rx maximum resource pools. Each resource pools in their associated Zone-IDs are independent of each other.
· This acquisition mechanism can be applied in both unicast and groupcast, in which the source ID of Tx UE is always included in SCI, based on the current ongoing NR-V2X.
If the same zoneConfig as specified in LTE-V2X [7] is applied in the NR-V2X and the number of individually preconfigured resource pools is allowed to be large enough, there is no difference between the explicit and implicit manners. This means that, only one of acquisition schemes is needed.
Observation-4: If the same zoneConfig is applied in NR-V2X, the location information from Tx UEs can be acquired relying on either the explicit manner or the implicit manner.
Nevertheless, NR-V2X requires more dynamic mechanisms other than LTE-V2X. Zone-ID configured for the resource allocation and Zone-ID configured for Tx UE location should not be unified, although somewhat relation in between may be held.
In LTE-V2X [7], the zoneConfig is specified as follows. Tx UE determines a Zone-ID in which it is located using the following formulae
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where L is the value of zone length, W is the value of zone width, 
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 is the value of Zone-ID longitude, 
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 is the value of Zone-ID latitude, and x and y are the geodesic distance in longitude and latitude between UE’s current location and geographical reference coordinates (0, 0).

Based on the specification in LTE-V2X [7], the parameters of L, W, 
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 are either configured by RRC in SIB Type-21 or SIB Type-26, or pre-configured in the system SL-V2X-Preconfiguration. Therefore, it requires N-bits to indicate 
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 Zone-IDs, which forms a zone block (ZB), where
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 is the ceiling function.
In LTE-V2X [7], the indications of the total number of zones configured with respect to longitude and configured with respect to latitude are all 4, resulting in 16 zones to form a ZB. From the perspective of resource configuration, this number is not enough for NR-V2X, and it should be increased to at least 8, so as to form at least 64 zones in each ZB.
Proposal-2: In NR-V2X, the total number of zones configured with respect to longitude and configured with respect to latitude should be increase to at least 8, resulting in 64 zones to form a ZB.
Although the newly configured zoneConfig utilized for resource pool allocation seems to properly work for Tx UE implicit location acquisition yet, the resolution or accuracy of location is not enough in NR-V2X. This requires defining the independent zoneConfigs for both resource pool allocation and Tx UE location acquisition.

Here, we assume that zoneConfigResource is defined for the zone configuration associated with the resource pool, while zoneConfigLocation is for the zone configuration associated with Tx UE location. The parameters in both configurations are listed in Table 2.
Table 2: Parameters in zoneConfigResource and zoneConfigLocation.
	Elements of zoneConfigResource
	Elements of zoneConfigLocation

	zoneLengthResource, 
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	zoneLengthLocation, 
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	zoneWidthResource, 
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	zoneIdLongiModResource, 
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	zoneIdLongiModLocation, 
[image: image31.wmf]Lo

x

N



	zoneIdLatiModResource, 
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Generally speaking, the zone size configured for resource pool should be larger than that for Tx UE location. In NR-V2X, most likely for example, the former may be set to be 200m for a larger zone size, while the latter may to be 5m for a high resolution of Tx UE location.
The zoneConfigResource is the same as what LTE V2X implements, while the zoneConfigLocation is to provide the zone parameters for SCI to convey the Tx UE location.
Due to the limited bits dedicated to zoneIdLongiModLocation and zoneIdLatiModLocation, the Zone-ID within ZB is transparent to Rx UEs, while the Zone-ID shows somewhat ambiguity between ZBs, due to the wrapped around impact in longitude and latitude. As long as the Zone-ID configured for resource pool does not overlapped between ZBs configured for Tx UE location, however, this location ambiguity can be eliminated.
Figure 7 illustrates an example of Zone-ID configuration for both resource pool and Tx UE location, under the assumption of 
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. The location can be acquired based on the Zone-ID configured by zoneConfigLocation, relying on the explicit location acquisition manner, while the location in different ZBs can be distinguished based on the Zone-ID configured by zoneConfigResource, relying on the implicit location acquisition manner.
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Figure 7: Example of location acquisition with Zone-ID configuration for both resource pool and Tx UE location.
Since the configured resource pools are different between the ZBs configured for Tx UE location, the resolution can be extended by a factor of two, or by a factor of four if changing zoneLength and zoneWidth in zoneConfigResource and zoneConfigLocation. All of them, however, are up to the implementation.
Observation-5: The Zone-ID configured for resource pool can assist to improve the resolution of Zone-ID configured for Tx UE location.
Proposal-3: The parameters associated with resource pool and the parameters associated with Tx UE location should be separately configured as listed in Table 2, in order to ensure the flexibility of Zone-ID uses in different applications.
Alternatively, if Zone-ID is not utilized for resource pool in NR-V2X, the resolution of Zone-ID configured for Tx UE location indication could be poor, and instead, the coordinate of geographical location as RRC parameter should be taken into account.
In order to reduce the quantization error of geographical location, each Tx UE transmits location coordinate by PSCCH in RRC level with the periodic/aperiodic manner (e.g., every 100ms) and each Rx UE updates Tx UE location information in the location table configured in RRC. The location table contains location coordinate associated with each Tx UE ID (e.g., L1 source ID). The location table is updated once Rx UE receives both location indication and source ID from Tx UEs either within the group or within communication range. Thus, UE can implicitly acquire the location of other Tx UE in physical layer, by receiving the Tx UE ID indicated by SCI over PSCCH and then checking the location table in RRC. The RRC parameters associated with location table can be defined as follows:
· Location table consists of two RRC parameters; locationCoordinate, and locationSourceId.

· Each location table can store locations associated with Tx UE, with the maximum number of Tx UEs; locationNmax (e.g., locationNmax=64).

Thus, there is no need for SCI to directly convey the location information, and instead, Tx UE only needs to transmit its L1 source ID.
Observation-6: Without the Zone-ID associated with resource pool, the resolution of Zone-ID configured for Tx UE location indication is poor.
Proposal-4: Tx UE location is exchanged over PSSCH and stored in location table with RRC parameters; locationCoordinate, locationSourceId, and locationNmax.
In order to ensure that a vehicle cannot be tracked or identified by any other vehicle beyond a certain short time-period required by the application, the source Layer-2 ID and the source IP address must be changed over time [8]. It seems to incur the impact on the location table update and its uses, due to the mismatching between the source ID conveyed on PSCCH and the source ID stored in the location table. This can be solved by a simple implementation mechanism, that each Tx UE keeps utilizing its old L1 source ID in SCI until transmitting its location with new L1 source ID by PSSCH. Note that, the location with new L1 source ID will be stored in the location table as new Tx UE, and the location with old L1 source ID will be overwritten based on the freshness of location updated if the number of Tx UEs stored in location table is over capacity.
Observation-7: Changing the source Layer-2 ID and the source IP address over time does not impact RRC based location indication.

4. Location-Zone based Resource Selection
In NR-V2X, since vehicle UEs are uniformly distributed on two-dimensional Earth surface, it incurs that multiple Tx UEs share the same Zone-ID. Thus, Tx UE has to perform the sensing procedure to avoid the resource collision in its located zone. In LTE-V2X [6], this sensing based selection mechanism offers the good enough reliability, required for the basic safety message (BSM). In NR-V2X [4]
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 \* MERGEFORMAT [9], however, the same mechanism no longer fulfils the stringent requirements, such as the maximum end-to-end latency of 3-10ms, and the reliability of 99.99-99.999%.
RAN1 received an LS from RAN2 [R2-1908306] asking about support of zone based resource pool configuration and selection, that

· Whether resource pool configuration based on zone is considered beneficial to support in NR V2X?

In order to answer this question, we conduct the system level simulation, showing the details in Annex-2. Based on the simulation results as depicted in Figure 12 and Figure 13, the zone based resource pool configuration can be concluded as follows:
· Once the zone size is larger (e.g., 500m), the PRR performance is outstanding, especially with large communication range (e.g., 320m). This is because, by configuring large zones with dedicated frequency resource for each, the interference between different zones can be avoided.
· Once the zone size is small, the PRR performance is slightly worse than the case without zone configuration. This is because, with the small zone size, the number of Tx UEs located in each zone is not balanced, resulting in the high probability of resource exhaustion if the number of ongoing Tx UEs is larger than the number of available resources in the resource pool(s). Moreover, resource pool(s) is (pre-)configured in each zone without consideration of use rate by Tx UEs. This results in the lower resource efficiency because some zones may not be occupied by Tx UEs, where the dedicated resources are wasted.
· With a zone configuration, the flexible resource control mechanism can be simply employed, and the orthogonal resource selection can be performed within each zone. Such a new mechanism will be discussed in what follows.
In section 2, we have proposed the resource selection mechanism which relies on geographic location information and performs the autonomous resource selection with mode-2 in NR-V2X. In general, however, since the geographic location information is quantized by the zone, the collision still occurs in case where multiple Tx UEs occupy the same Zone-ID. Some additional mechanism, thus, has to be considered to differentiate the multiple Tx UEs in resource selection. In what follows, we introduce two new assistance parameters; the source ID and geographic location update timing (LUT), which are known between Tx UEs in proximity, and possibly involved to avoid the selected resource collision.
· Source ID: A source ID can be divided as source L2 ID (MAC layer-2) and source L1 ID (physical layer-1). The source L2 ID is self-assigned by Tx UE and provided by the V2X layer to the access stratum (AS) layer. The source L2 ID is 24 bits long and split in the MAC layer into two bit strings. The first bit string is the LSB part (i.e., 8 bits) of source L2 ID and forwarded to physical layer as sidelink control L1 ID. The second bit string is the MSB part (i.e., 16 bits) of the source L2 ID and is carried within the MAC header.

· In NR-V2X, the source L1 ID is transmitted from Tx UE by SCI over PSCCH in case of unicast and groupcast. It is reasonably assumed that UEs in proximity are aware of the source L1 ID from Tx UE.
· Note that it is possible for multiple Tx UEs to own the same source L1 ID from the duplication error due to the limited indication bits (8-bits in general).
· Location update timing: LUT is the timing in slot, at which Tx UE initially transmits the SCI over PSCCH to Rx UEs, and each Rx UE acquires the location information of Tx UE as well as its relevant timing by either the explicit location acquisition or the implicit location acquisition. Each Rx UE stores the transmission timings for all Tx UEs in proximity as the LUTs, which are utilized when Rx UE potentially selects the resource for sidelink transmission.
· In NR-V2X [2], Tx UE only with a groupcast traffic does transmit its location information with source ID encapsulated in SCI over PSCCH. It is reasonably assumed that each UE is explicitly aware of the location information coupled with LUT from other UEs in proximity. Tx UE with unicast traffic, however, does not transmit its location information but the source ID in SCI over PSCCH. Thus, it can be assumed that each UE is implicitly aware of the location information as well as LUT from other UEs in proximity.
· It is possible for multiple Tx UEs to transmit the packets in the same slot, resulting in the same LUT, due to the incurred half-duplex issue. Therefore, solving the half-duplex problem is equivalent to eliminating the uncertainty of resource selection.
· LUT should be updated based on the initial transmission timing because only this timing is the same for all the Rx UEs, no matter when the data packet is successfully decoded if relying on the retransmission process.
Figure 8 illustrates the n-th Zone-ID, denoted as Zone-ID-n, where Tx UE-1, 2, 3 and 4 are located. In this case, the resource collision possibly occurs if only LTE-V2X based autonomous resource selection mechanism is employed. With the available source ID and LUT between Tx UEs as the supplemental information, the resource collision can be avoided.
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Figure 8: Tx UEs located in Zone-ID-n, with the source ID and LUT.
It should be noted that Tx UE with broadcast traffic does not transmit the source ID and location information. Similar to Zone-ID in LTE-V2X, it is up to UE implementation which resource pool is selected for V2X sidelink transmission if zone specific resource pools are configured for the concerned frequency.
It is assumed that, the resources such as the number of the minimum scheduling units (e.g., sub-channels) are larger than or equal to the number of Tx UEs in the zone. Thus, Tx UEs do not need to worry about how many resources available in its located zone, and Tx UEs only need to handle the avoidance of the resource collision when each Tx UE autonomously selects the resources for its sidelink transmission in its located zone. To this end, the necessary condition is, for Tx UE to know the other UEs in proximity associated with the same Zone-ID. The sufficient condition is, for Tx UE to know the source ID and the LUT as the assistance information, utilized to differentiate the resources in the same zone.
Some assumptions are made as follows:
· Tx UEs are located in the n-th zone, indicated as Zone-ID-n.
· The source ID and LUT of each Tx UE are shared among Tx UEs if in the same zone.
· The resources (i.e., sub-channels) dedicated for Tx UEs are denoted as 
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, and M is the total number of resources, available in Zone-ID-n. Note that, M is larger than or equal to the number of Tx UEs in Zone-ID-n.
Based on the information of both source ID and LUT, available for all Tx UE in Zone-ID-n, all Tx UEs enable to individually create the same two-dimensional resource mapping table (RMT), associated with Zone-ID-n, denote as 
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. This RMT needs to be simultaneously updated once Rx UEs make each initial reception from Tx UEs. Relying on the Zone-ID and RMT, thus, each Tx UE can autonomously select the resources for sidelink transmission without any collision within the zone. As an example, the resource selection can follow the rules; first in the direction of source ID, and then in the direction of LUT. It certainly works other way around.
As exemplified in Figure 9, six Tx UEs are located in Zone-ID-n, and mapped in RMT based on the shared information of both source ID and LUT (in slot). The resource selection by each Tx UE relies on three steps as follows:
· Step-1: Allocate the resources to Tx UEs with the young numbers relying on the source IDs in ascending order. Note that the same number of resources is autonomously dedicated to the same number of Tx UEs who share the same source ID.
· In the example of Figure 9, Tx UE-2 enables to select the individual resource of 
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 are selected by two Tx UEs who share source-ID-4, while three resources of 
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 are selected by three Tx UEs who share source-ID-2.
· Step-2: Allocate the resources to Tx UEs relying on the LUTs in ascending order if multiple Tx UEs share the same source ID.
· In the example of Figure 9, three Tx UEs share source-ID-2, and three resources of 
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 are accordingly selected by Tx UE-1, Tx UE-3, and Tx UE-6 from LUT-1, LUT-2 and LUT-3, respectively.
· Step-3: Allocate the resources to Tx UEs based on the sensing procedure if multiple Tx UEs share the same source ID and the same LUT.
· In the example of Figure 9, two Tx UEs share source-ID-4 with the same LUT-2. This results in uncertainty of which resources of 
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 should be properly selected. This case only takes place once half-duplex occurs at the same update timing. In such a case, the sensing procedure should be additionally performed for resource selection to avoid the resource collision.
Certainly, the resources such as the number of the minimum scheduling units (e.g., sub-channels) could be less than the number of ongoing Tx UEs in the zone. In such a case, Tx UEs need not only to handle the avoidance of the resource collision, but also to care about the exhaustion of resources in its located zone. We believe that, the same resource selection mechanism can be applied for the resource exhaustion avoidance, relying on the cooperation between the neighbour zones. This is because each Tx UE is capable of knowing the information (Zone-IDs and associated RMTs) of the other Tx UEs, not only in the same zone but also in the neighbour zones, if within the communication range.
Observation-8: Within the communication range, UEs are able to exchange the information in terms of Zone-IDs and associated RMTs.
Proposal-5: Tx UE selects the resources based on the associated Zone-ID, Tx UE source ID and location update timing, to avoid the resource collision in mode-2.
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Figure 9: Resource mapping table (RMT), in Zone-ID-n.
5. 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.
Moreover, we have proposed two location acquisition mechanisms relying on Zone-ID, such as explicit location acquisition, and implicit location acquisition. In order to avoid the collision of resource selection, we have introduced somewhat new parameters (resource ID and location update timing) according to the location zone concept.
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.
Observation-4: If the same zoneConfig is applied in NR-V2X, the location information from Tx UEs can be acquired relying on either the explicit manner or the implicit manner.

Observation-5: The Zone-ID configured for resource pool can assist to improve the resolution of Zone-ID configured for Tx UE location.

Observation-6: Without the Zone-ID associated with resource pool, the resolution of Zone-ID configured for Tx UE location indication is poor.

Observation-7: Changing the source Layer-2 ID and the source IP address over time does not impact RRC based location indication.

Observation-8: Within the communication range, UEs are able to exchange the information in terms of Zone-IDs and associated RMTs.
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.
Proposal-2: In NR-V2X, the total number of zones configured with respect to longitude and configured with respect to latitude should be increase to at least 8, resulting in 64 zones to form a ZB.
Proposal-3: The parameters associated with resource pool and the parameters associated with Tx UE location should be separately configured as listed in Table 2, in order to ensure the flexibility of Zone-ID uses in different applications.

Proposal-4: Tx UE location is exchanged over PSSCH and stored in location table with RRC parameters; locationCoordinate, locationSourceId, and locationNmax.
Proposal-5: Tx UE selects the resources based on the associated Zone-ID, Tx UE source ID and location update timing, to avoid the resource collision in mode-2.
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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 3. 
Table 3: 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 [4]

	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 10: PRR vs. vehicle-to-vehicle distance, compared between mode-2a and FTRP, with aperiodic traffic.
Annex-2: SLS Simulation Results with Zone-ID

SLS simulation related to Zone-ID is performed based on the same assumptions as listed in Table 3. In the SLS simulation, the zone on the highway is defined as in Figure 11.

[image: image54]
Figure 11: Zone configuration with Nx=2, Ny=1, and zone length = 500, 250, and 125m.
Figure 12 and Figure 13 show the PRR as a function of vehicle-to-vehicle distance, in case of periodic traffic, compared between repetition, HARQ, and zone-based HARQ, in communication range of 200m and 320m, respectively.
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Figure 12: PRR vs. vehicle-to-vehicle distance in mode-2a, compared between repetition, HARQ, and zone-based HARQ, with periodic traffic, and communication range of 200m.
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Figure 13: PRR vs. vehicle-to-vehicle distance in mode-2a, compared between repetition, HARQ, and zone-based HARQ, with periodic traffic, and communication range of 320m.
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





For at least option 1 based TX-RX distance-based HARQ feedback for groupcast


A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH


TX UE’s location is indicated by SCI associated with the PSSCH.


Details FFS 


The TX-RX distance is estimated by RX UE based on its own location and TX UE location.


The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH


FFS implicit or explicit


FFS how to define location








11

[image: image57.jpg]«— Frequency-1 4»’47 Frequency-2 { Frequency-1 { Frequency-2 ——»
&> & &> =
[y & & = &
=) & = = )
,
500 m 500 m | 500 m

Case-1 with zone size of 500m

[e— 250m —se— 250m —»{<— 250m —de— 250 m —>|e— 250 m —fe— 250 m —>[¢— 250m —fe— 250m —>
Case-2 with zone size of 250m
[« F1ole F2 sfe F1 ofe F2 sfe F1 oe F2 ole F1 ofe F2 ple F1sfe F2 sfe F1 ofe F2 s« F1 »fe F2 sfe F1 ofe F2 ]
& & & & & & & &
& & & & & & & &
& & & & & & & &
+f | +f | | | | L | L | L I 2l | N
125m1125m 125m1125m ! 125m  125m' 125m ' 125m' 125m1125m' 125m' 125m' 125m!125m! 125m ! 125m

Case-3 with zone size of 125m




_1626598899.unknown

_1626682225.unknown

_1627194591.unknown

_1627194630.unknown

_1627195239.unknown

_1627195258.unknown

_1627195632.unknown

_1627194640.unknown

_1627194616.unknown

_1627194623.unknown

_1627194603.unknown

_1627194610.unknown

_1626685406.unknown

_1626685448.unknown

_1627194583.unknown

_1626685446.unknown

_1626685447.unknown

_1626685413.unknown

_1626685356.unknown

_1626685379.unknown

_1626685331.unknown

_1626685355.unknown

_1626685281.unknown

_1626685298.unknown

_1626599081.unknown

_1626599139.unknown

_1626682206.unknown

_1626599124.unknown

_1626599029.unknown

_1626599057.unknown

_1626598921.unknown

_1626598709.unknown

_1626598812.unknown

_1626598836.unknown

_1626598774.unknown

_1618125484.unknown

_1618125595.unknown

_1611744335.unknown

_1617632723.unknown

_1599138567.unknown

