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1. Introduction
In RAN-1 #96bis meeting [1], the topics relevant to physical layer procedures for sidelink in NR-V2X have been discussed with the working assumption, as follows:
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In this contribution, our focus is on the realization of HARQ procedures under the RAN1 agreements. First of all, we principally discuss the differentiation between Tx-Rx distance and RSRP, whereby Rx UE decides whether to send HARQ feedback. Secondly, we consider how to realize the acquisition of Tx-Rx distance in each Rx UE because in the current V2X specification the Rx UE is not capable of acquiring the parameter of Tx-Rx distance, and the new mechanism and design are necessary. Thirdly, the SLS evaluation is performed by comparison between Tx-Rx distance based HARQ feedback and RSRP based HARQ feedback, in order to make the judgement and confirm the working assumption.
2. Realization of HARQ Feedback
Minimum communication range is utilized to control QoS for unicast/groupcast, discussed in RAN1 and RAN2. RAN1 will study how to use minimum required communication range in QoS management, and RAN2 will study how to handle minimum communication range in AS layer control of QoS for unicast/groupcast in WI phase.
In RAN-1 #96 meeting [2], it has been agreed to support to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback, and in RAN-1 #96bis meeting [1], a working assumption has been further made for supporting the use of TX-RX geographical distance, with FFS whether or not to additionally use L1-RSRP. Here, we mainly describe what the differentiation between TX-RX distance and RSRP is, and make the prioritization in WI phase.
Tx-Rx distance is defined as the safety distance between the Tx vehicle and the Rx vehicle, within which the V2X communication has to be successfully performed in order to avoid the crash accident. The awareness of Tx-Rx distance among the vehicles in proximity, therefore, is indispensable if the vehicles are triggered for advanced driving. Tx-Rx distance offers many advantages. For example, in application layer, the vehicle relying on the distance information can properly control the driving direction and speed to avoid the vehicles in danger. In MAC layer, moreover, the HARQ operation with ACK/NACK processing relying on the distance information can be efficiently conducted for retransmission/reception.
On the other hand, RSRP can be translated to so called radio distance, only depending on the received radio strength. For example, a high power radio reception, in general, can be translated to a short radio distance, and vice versa. However, the radio distance cannot be explicitly implied as a physical or geographical distance. In LOS environment, this translation is fairly precise, however in most NLOS environment, it is no longer properly transparent due to the radio blockage and reflection. This, therefore, may incur somewhat uncertainty in terms of the physical/geographical distance, and cause the advanced driving in danger.
Observation-1: In order to realize the advanced driving, Tx-Rx distance is more reliable than RSRP based radio distance.

Proposal-1: In the limited Rel-16 WI phase, we should focus on Tx-Rx distance other than RSRP in deciding whether to send HARQ feedback.
3. Realization of Tx-Rx Distance
In order to realize the acquisition of Tx-Rx distance, each UE needs to know the geographical coordinates of the UEs in proximity. The geographical coordinates of the UEs, meanwhile, need to be (a)periodically updated and exchanged among the UEs. The geographical coordinates can be reasonably acquired from different two layers; either application layer, or layer 3. In what follows, we elaborate how to acquire the geographical coordinate information.
Acquisition of Tx-Rx distance from application layer

V2X communication messages contain vehicle state information in application-layer (e.g., location, speed, acceleration, and heading). These are the basic safety messages (BSMs), which are sent 10 times a second by vehicles in order to enable crash avoidance and other such applications. Among BSMs, the location is indicated by the exact geographical coordinate, which is utilized for many applications in application layer, for example, grouping for groupcast (with L2 destination ID). Due to the periodic broadcast from each vehicle in BSMs, the vehicles are aware of the exact geographical coordinates each other if in proximity, so that the Tx-Rx distance can be simply derived in application layer.

From application layer, unfortunately, there is no precedent in the past to directly pass the geographical information down to the MAC for HARQ feedback decision. We believe, this realization needs RAN2 and/or SA2 works.
Observation-2: The geographical information from application layer cannot be directly utilized for the MAC to decide HARQ feedback if without any RAN2 and/or SA2 works.

Proposal-2: RAN1 sends an LS to RAN2 and/or SA2, and asks the feasibility of acquiring the geographical coordinates of UE-self as well as other UEs from application layer.
Acquisition of Tx-Rx distance from layer-3
In RRC of release-15 (LTE-V2X), zoneconfig and zone ID have been introduced for V2X sidelink communication transmission pool selection in section 5.10.13.2 [3]. The UE determines an identity of the zone (i.e. zone_ID) in which it is located using the specified formulae, if zoneConfig is included in SystemInformationBlockType21 or SystemInformationBlockType26 or in SL-V2X-Preconfiguration. The parameters in the formulae include the value of zoneLength, the value of zoneWidth, the value of zoneIdLongiMod, the value of zoneIdLatiMod, the geodesic distance in longitude, and the geodesic distance in latitude. The front four parameters are (pre-)configured, while the rear two parameters (the geodesic distances) are acquired from the latest geographical coordinate of the UE.
Despite of the availability of geographical coordinate acquired in the UE-self from RRC messages (if reusable in NR-V2X), it is unable for the UE to acquire the information of geographical coordinates from other UEs in proximity.
Observation-3: According to RRC messages applied for NR-V2X, each UE only enables to be aware of its location information (or geographical coordinate).
In order to acquire the information of geographical coordinates from other UEs, we believe that the RRC messages pertaining to the geographical coordinates between the UEs in proximity have to be exchanged through PC-5 link. It is understood that, this requires the new design of RRC messages, but the additional specification work is limited and controllable in Rel-16 WI phase.
Proposal-3: New RRC messages pertaining to the geographical coordinates between the UEs in proximity should be designed in order to acquire the information of Tx-Rx distance.
4. 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 three 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 [4].
· TFRP based mode-2 scheme with geographic distance based HARQ protocol (denoted DIS-HARQ scheme) proposed in [5] considers that the vehicle UEs are allocated into the subgroups with the autonomously selected TFRP pattern in order to avoid the half-duplex impact. In this case, the geographic distance based HARQ protocol is employed, with the number of maximum retransmission, Nmax = 1 or 2.
· TFRP based mode-2 scheme with RSRP based HARQ protocol (denoted RSRP-HARQ scheme) considers that the vehicle UEs are allocated into the subgroups with the autonomously selected TFRP pattern in order to avoid the half-duplex impact. In this case, the RSRP based HARQ protocol is employed, with the number of maximum retransmission, Nmax = 1 or 2.
Throughout our SLS evaluation, for the sake of generality, the TFRP resource dedicated for the initial TB transmission is autonomously selected based on mode-2a, although V-LID scheme [5] can achieve even better PRR and PIR performance. The detailed description can be referred in our companion contribution [6].
In our SLS, we evaluate the performance in terms of PRR and PIR. The simulation methodology relies on [7], 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 [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, 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 [5]. 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 1 and Figure 2 show the PRR as a function of vehicle-to-vehicle distance, in case of aperiodic traffic, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with Nmax = 1 and Nmax = 2, respectively. The PRRs with the large scale are plotted in Figure 5 and Figure 6, for the reference purpose.
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Figure 1: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with aperiodic traffic and Nmax = 1.
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Figure 2: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with aperiodic traffic and Nmax = 2.
Figure 3 and Figure 4 show the PIR as a function of vehicle-to-vehicle distance, in case of aperiodic traffic, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with Nmax = 1 and Nmax = 2, respectively.
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Figure 3: PIR vs. vehicle-to-vehicle distance, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with aperiodic traffic and Nmax = 1.
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Figure 4: PIR vs. vehicle-to-vehicle distance, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with aperiodic traffic and Nmax = 2.
According the simulation results, the several observations can be made as follows:

· The geographic distance based HARQ feedback mechanism is always outstanding to the RSRP based HARQ feedback mechanism under the highway LOS environment. In addition, the geographic distance related PRR becomes more controllable as a function of the distance. We believe that the geographic distance based HARQ protocol is even more beneficial under the urban NLOS environment.
· The PIR for both geographic distance and RSRP based HARQ feedback mechanisums is almost controllable as mode-2a, but slightly degraded when the reachable distance (geographic distance and radio distance) 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 geographic distance based HARQ feedback mechanism in the agreements is more beneficial, and enough to enhance the retransmission performance.
Observation-4: The geographic distance based HARQ protocol is always outstanding to the RSRP based HARQ protocol.
Proposal-4: The geographic distance based HARQ feedback mechanism should be supported, while the additional RSRP based HARQ feedback mechanism is not necessary.
5. Conclusion
In this contribution, we have discussed the differentiation between Tx-Rx distance and RSRP in HARQ protocol, and realized the acquisition of Tx-Rx distance in each Rx UE. In order to make the judgement and confirm the working assumption, the concrete SLS evaluation has been performed by comparison between Tx-Rx distance based and RSRP based HARQ feedbacks. The following observations and proposals should be taken into account.
Observation-1: In order to realize the advanced driving, Tx-Rx distance is more reliable than RSRP based radio distance.

Observation-2: The geographical information from application layer cannot be directly utilized for the MAC to decide HARQ feedback if without any RAN2 and/or SA2 works.

Observation-3: According to RRC messages applied for NR-V2X, each UE only enables to be aware of its location information (or geographical coordinate).

Observation-4: The geographic distance based HARQ protocol is always outstanding to the RSRP based HARQ protocol.
Proposal-1: In the limited Rel-16 WI phase, we should focus on Tx-Rx distance other than RSRP in deciding whether to send HARQ feedback.

Proposal-2: RAN1 sends an LS to RAN2 and/or SA2, and asks the feasibility of acquiring the geographical coordinates of UE-self as well as other UEs from application layer.
Proposal-3: New RRC messages pertaining to the geographical coordinates between the UEs in proximity should be designed in order to acquire the information of Tx-Rx distance.
Proposal-4: The geographic distance based HARQ feedback mechanism should be supported, while the additional RSRP based HARQ feedback mechanism is not necessary.
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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 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 [7]

	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 5: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with aperiodic traffic and Nmax = 1.
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Figure 6: PRR vs. vehicle-to-vehicle distance, compared between mode-2a, DIS-HARQ, and RSRP-HARQ, with aperiodic traffic and Nmax = 2.
Regarding the use of TX-RX geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast


Support at least the use of TX-RX geographical distance


FFS whether or not to additionally use L1-RSRP


Companies are encouraged to perform additional evaluations/analysis
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