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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 RAN-1 #94b meeting [2], moreover, the impact of half-duplex issues on sidelink resource allocation design has been considered and emphasized, as follows:
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In RAN1 #94b [3], we introduced a concept of sidelink subgrouping, whereby the V-UEs are assigned into the subgroups according to the frequency-time resource pattern (FTRP), and the multi-subgroups forms V2X group. Furthermore, we have investigated the performance by SLS, that the (pre-)configured FTRP avoids the half-duplex impact and guarantees the PRR within a certain vehicle-to-vehicle distance.
In this contribution, first we enhance the FTRP in order to dynamically deal with the V2X transmission with various packet sizes. The enhanced FTRP not only enables to make the flexible transmission under the different traffic condition, but also avoids the half-duplex impact. Then, we update the SLS simulation results based on the new simulation profile, with the parameters such as antenna configuration, and simulation bandwidth [2].
2. General Descriptions for FTRP
To avoid the imperfective reception due to the half-duplex limitation, we have proposed the scheme by introducing the (pre-)configured frequency-time resource pattern (FTRP), and then subgrouping the V-UEs located in V2X group [3]. In addition, the randomization process between the (pre-)configured channel resources is performed in order to make the scheduling fairer. In the proposed FTRP, 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 frequency-time resource patterns configured by either RRC or L1 signaling (e.g., SCI in PSCCH).

The proposed FTRP is to ensure each V-UE to realize at least one reception, from either the initial transmission or its repetition. To this end, a subgroup concept is introduced, that 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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 V-UEs as maximal.
Figure 1 illustrates the structure of the proposed FTRP 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 V-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 V-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 V-UE index, and the red arrows indicate the allocation direction.
· The sub-channels dedicated to the V-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 V-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 V-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 V-UE with its corresponding index occupies two different sub-channels, where the initial and repetition transmissions are potentially taken place. The detailed FTRP description can be referred in our contribution [3].
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Figure 1: The structure of proposed resource pattern in subgroup.
3. Enhancement of FTRP
In order to avoid the half-duplex impact as discussed in section 2, we have proposed the FTRP with the fixed size of sidelink resource dedicated to each transmission. This may not work properly when the V2X traffic sizes are various. In this contribution, we enhance the FTRP with different available resource sizes in different sub-groups. The enhanced FTRP not only enables to make the flexible transmission under the different traffic condition, but also avoids the half-duplex impact.
As an example, we assume that there are L sub-groups, forming a V2X group to deliver different the packets with different sizes, as illustrated in Figure 2.
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Figure 2: The structure of enhanced FTRP in V2X group.
In the example, the enhanced FTRP in V2X group is constructed based on the following rules:

· The 1st subgroup contains N sub-channels in frequency domain, and (N+1) sub-channels in time domain.
· The 2nd subgroup contains N/2 sub-channels in frequency domain, and (N/2+1) sub-channels in time domain.
· The L-th subgroup contains 1 sub-channel in frequency domain, and 2 sub-channels in time domain.
As a consequence, the available sidelink resources, denoted as transmission resource block (TRB), in the 2nd subgroup become double, and the available sidelink TRB in the L-th subgroup become N times, as opposed to that in the 1st subgroup. This enables to enhance the flexibility and deal with the packet transmission with various sizes.
Observation-1: V-UEs with either periodic traffic or aperiodic traffic can be served by the enhanced FTRP with various packets, without any half-duplex impact.

In order to make a fairness on the enhanced FTRP, the randomization procedure between TRBs is carried out, first in frequency domain and then in time domain within V2X-group. This randomization procedure, nevertheless, does not change the property that each V-UE makes at least one reception from any other V-UE; either the initial transmission or repetition. Figure 3 illustrates an example of randomization between TRBs in V2X grouping operation with 4 subgroups (L = 4). In this example, the randomization is performed between two TRBs first within the same time slot (TS), namely, time slots in the 1st subgroup, and time slots in the 3rd subgroup. Then, the TRBs-based randomization in time domain is carried out within V2X group.
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Figure 3: Example of randomization between subchannels in V2X grouping operation.
Observation-2: The randomization procedure not only makes FTRP fairer, but also maintains the property that each V-UE makes at least one reception from any other V-UE.
4. Updated System Level Simulation Evaluation
In our previous contribution [3], we have offered our SLS simulation results, with comparison between the conventional sidelink transmission scheme (denoted conventional scheme), and the proposed FTRP based sidelink transmission scheme (denoted FTRP scheme). Due to new simulation profile with the parameters agreed in [2], we update the SLS simulation results. The modified parameters in our new SLS simulation are summarized as follows:

· Antenna configuration: 1 transmit antenna and 4 receive antennas (instead of 1x2).
· Simulation bandwidth: 20MHz (instead of 10MHz).
It should be noted that the proposed FTRP in our SLS simulation is based on the frequency-time resource pattern with the same size of subchannel (each subchannel consists of 10RBs) in section 2, because we believe that for the periodic traffic models with low intensities, the proposed FTRP with the fixed size of subchannels is enough.

The detailed simulation assumptions can be referred to Table 1 of Annex-1.
The PRR as a function of vehicle-to-vehicle distance is shown in Figure 4, based on either conventional scheme or FTRP scheme. The PRR with the large scale is plotted in Figure 7, for the reference purpose.
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Figure 4: PRR vs. vehicle-to-vehicle distance, based on either conventional scheme or FTRP scheme.

According the simulation results, several observations can be made as follows:

· With the conventional scheme, the PRR cannot be guaranteed even within the short vehicle-to-vehicle distance due to either sub-channel collision or imperfective reception of half-duplex mode in sidelink transmission. This can be confirmed in Figure 5 and Figure 6, where the number of collisions and the half-duplex imperfective reception ratio (HD-IRR) are collected per 100 slots. The former shows the number of collisions within the distances in the same sub-channel that always occurs and the latter shows the HD-IRR that always happens.
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Figure 5: The number of collisions within the distances in the same sub-channel.
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Figure 6: The half-duplex imperfective reception ratio due to half-duplex mode.

· With the proposed FTRP scheme, however, the PRR can be completely guaranteed within the vehicle-to-vehicle distance of 800m, over fulfilling the requirement in [4]. It should be noted that thanks to the (pre-)configured FTRP, the HD-IRR in the proposed FTRP scheme is perfectly controlled to be zero.
Observation-3: The proposed FTRP completely guarantees the PRR within the vehicle-to-vehicle distance of 320m.
Proposal-1: The proposed FTRP should be further studied for both mode-1 and mode-2 in NR-V2X, in order to maximize the PRR when V-UE only equips half-duplex system.
5. Conclusion
In this contribution, we have made the enhancement of the (pre-)configured FTRP in order to dynamically deal with the V2X transmission with various packet sizes. The enhanced FTRP not only enables to make the flexible transmission under the different traffic condition, but also avoids the half-duplex impact. In addition, we have updated the SLS simulation results based on the new simulation profile, with the parameters such as antenna configuration, and simulation bandwidth. The following observation and proposal should be taken into account.
Observation-1: V-UEs with either periodic traffic or aperiodic traffic can be served by the enhanced FTRP with various packets, without any half-duplex impact.
Observation-2: The randomization procedure not only makes FTRP fairer, but also maintains the property that each V-UE makes at least one reception from any other V-UE.
Observation-3: The proposed FTRP completely guarantees the PRR within the vehicle-to-vehicle distance of 120m.
Proposal-1: The proposed FTRP should be further studied for both mode-1 and mode-2 in NR-V2X, in order to maximize the PRR when V-UE only equips half-duplex system.
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Annex-1: SLS Simulation Assumptions and Results

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

	Attributes
	Values or Assumptions

	Number of drop
	2

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

	Scenario
	Base on Highway case of 3GPP TR 37.885 V15.1.0 [4], applying R1-1811915, for broadcast

	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

	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
	269 for the 1st drop and 299 for the 2nd drop

	SINR calculation interval
	1 RB, 1 subframe

	Carrier frequency
	5.9[GHz]

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

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

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

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Number of DMRS
	4

	Subchannel type
	Non-adjacent PSCCH+PSSCH scheme

	Number of RBs in PSCCH
	2RBs

	Number of RBs in PSSCH
	10RBs

	Size of sub-channel
	10RBs

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

	Modulation and Code rate
Error curve type
of PSSCH
	Turbo code
10RBs,190bytes：code length 1920bits, TBS 1544bit  (QPSK)
10RBs, 300bytes：code length 3840bits, TBS 2536bits (16QAM)

	Traffic mode
	100ms interval

(190byte packet interval is 100ms, 300byte packet interval is 500ms)

	Resource selection scheme
	1. Mode-2 (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: Incremental redundancy (IR)
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Figure 7: PRR vs. vehicle-to-vehicle distance, based on either conventional scheme or FTRP scheme.
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





The following aspects are studied for Mode 2(c)


How to assign resource(s) for UE sidelink transmission to mitigate collisions and half-duplex impacts


Whether any sensing or resource selection procedure is used on top of configured grant(s)


Whether and how to use any granted but unused resources


How to adapt to traffic variation


How it is different from Mode-1 operation for in-coverage scenario


How it is different from Mode-2(a), when Mode-2(a) uses dedicated resource pool with dedicated sidelink resource pool configuration


Whether and how this mode operates out of network coverage


RAN1 to further study whether some or all of Mode-2(c) functionality is a part of Mode-2(a)(b)(d)
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