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1 Introduction

In the study item description [1], the following objectives were specified for sidelink design: 
1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

At the most recent RAN1 meeting, RAN1#95, the following agreements were reached [2]:
Agreements:

· Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements

· FFS information extracted from SCI decoding

· FFS sidelink measurements used

· FFS UE behavior and timescale of sensing procedure

· Note: It is up to further discussion whether SFCI is to be used in sensing procedure

· Note: Sensing procedure can be discussed in the context of other modes

· Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission

· FFS timescale and conditions for resource selection or re-selection

· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions

· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)

· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure

· For Mode-2(a), the following schemes for resource selection are evaluated, including

· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 

· Dynamic scheme: resource(s) are selected for each TB transmission

Agreements:

· Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)

· Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode

Agreements:

· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 

· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)

· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE

· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE

· Pattern is defined as follows

· Size of the resource in time and frequency

· Position(s) of the resource in time and frequency

· Number of resources

· FFS pattern selection procedure by UE
Agreements:

· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following

· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios

· The following options are identified for further study:

· Scheduling UE is configured by gNB

· Application layer or pre-configuration selects scheduling UE

· Receiver UE schedules transmissions of the transmitter UE during the session

· Scheduling UE is decided by multiple UEs including the one that is finally selected

· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions

Agreements:
· Initialization of Mode-2(d) operation is FFS

· For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following

· Procedure to determine a set of sidelink resources a scheduling UE can use for scheduling of other UEs

· The following options are identified:

·  Based on sensing procedure by scheduling UE

·  Configured by gNB if scheduling UE is in-coverage

·  Pre-configured if scheduling UE is out of coverage

· Transmitting UE provides information about sidelink resources to scheduling UE

· FFS behavior/algorithm of scheduling UE 

· Behavior of scheduling UE to signal scheduling decisions for transmission/reception of other UEs

· The following options are identified:

· Physical layer signaling

· Higher layer signaling

· UE behavior to (re)-select scheduling UE(s)

· UE behavior to associate to scheduling UE(s)

· UE behavior when scheduling UE stop scheduling

· Resource management to address collision/interference and half-duplex issues b/w UEs scheduled by different scheduling UEs

· Relationship between scheduling UE and UE groups from upper layer perspective

· Whether UEs from the same upper layer group are served by the same scheduling UE

· Resources used for communication before UE is associated with a scheduling UE

· Procedures to switch between Mode-2(d) from/to other submodes 
In this contribution, we provide our views on sidelink resource allocation for NR V2X. 

2 Resource allocation modes 
In TR 37.885 “Study on evaluation methodology of new Vehicle-to-Everything V2X use cases for LTE and NR” [4], multiple traffic models were specified for evaluation.  For NR V2X, diverse traffic needs to be supported, including: periodic/aperiodic traffic, different magnitudes of packet sizes: from hundreds of bytes up to tens of thousands of bytes, and fixed/varying packet sizes. Also diverse communication types need to be supported, including broadcast, groupcast and unicast. 
Hence resource allocation modes specified for LTE V2X (mode 3 and mode 4) should be enhanced to adapt to much more diverse traffic requirements encountered in NR V2X.  

NR V2X mode 1 (base station schedules sidelink resource) proposed in RAN1#94 should inherit all functionalities of corresponding LTE V2X mode 3. Particularly, SPS configuration should be supported, since it’s suitable for periodic data traffic with fixed packet size. 

Similarly, NR V2X mode 2 (UE determines sidelink transmission resource) proposed in RAN1#94 should inherit all functionalities of corresponding LTE V2X mode 4. Sub-mode a (UE autonomously selects sidelink resource for transmission) should be supported and cover all functionalities (e.g. sensing based resource selection with semi-persistent transmission) of LTE V2X mode 4 to continue serving periodic packets efficiently.  
However, control channel structure and relevant resource selection need to be enhanced to better support coexistence of periodic and aperiodic traffic in a common resource pool, as detailed in the next section. 

As a new mode, Sub-mode d (UE schedules sidelink transmissions of other UEs) should also be specified to efficiently support new advanced use cases in NR V2X. However, the usage of sub-mode d should be limited to certain scenarios and only special types of vehicular UE are allowed to schedule sidelink transmissions of other UEs. For example, sub-mode d can be applied to vehicular UEs in a group. In this scenario, only group leader is allowed to schedule sidelink transmissions of other member UEs in the group.  
A scheduling UE can be configured/pre-configured by gNB, selected by application layer, or decided by near-by multiple UEs including the one that is finally selected. For the last two options, after the scheduling UE is selected, the selection information (plus group information) should be transmitted to gNB so that gNB could adjust scheduling policy accordingly toward it.  For the third option, a UE may autonomously decide to serve as a scheduling UE (self-nomination) and then offer scheduling UE functions. Then the UE periodically broadcasts group-relevant information to member UEs or to potential member UEs.
As for resource selection, the scheduling UE can use either NR V2X mode 1 or mode 2 (sub-mode a) to jointly reserve resources for aggregated data traffic from all member UEs. This mode is particularly suitable for aperiodic traffic from member UEs. When the scheduling UE disappears (e.g. the group leader stops functioning), other member UEs can turn to sub-mode a of mode 2 or mode 1 for resource selection.  
Proposal 1: Sub-mode a of NR V2X mode 2 should inherit all functionalities of LTE V2X mode 4 to continue serving periodic packets efficiently. 
Proposal 2: Consider supporting sub-mode d of NR V2X mode 2 but limiting its usage to special scenarios, e.g. only group leader is allowed to schedule sidelink transmissions of other member UEs in the group.  
Proposal 3: For sub-mode d of NR V2X mode 2, consider the scheduling UE configured/pre-configured by gNB, selected by application layer, or decided by near-by multiple UEs. 

Proposal 4: For sub-mode d of NR V2X mode 2, consider the scheduling UE uses either NR V2X mode 1 or mode 2 (sub-mode a) to jointly reserve resources for aggregated data traffic from member UEs.
3 Control channel structure and resource selection 
The functionalities and mechanisms of legacy LTE V2X mode 4 could be enhanced to enable NR V2X mode 2 to adapt to the more diversified V2X traffic types (e.g. aperiodic traffic share same resource pool with periodic traffic). 
In LTE V2X sidelink mode 4, UE autonomous resource selection and reservation are used based on the channel sensing operations. In the channel sensing procedures, the sensing UE decodes the PSCCHs of the sensed UEs to acquire some necessary information including packet priority, resource reservation information and control CRC bits (to determine DM-RS of associated PSSCH) and then make the measurement of PSSCH-RSRP to determine whether to exclude the candidate resource, and finally rank the remaining resources based on the long term energy measurement (S-RSSI) averaged over a number of periodic resources and report the candidate resources with least energy to the MAC layer for resource selection. This procedure works well with the periodic data packets to avoid collisions as much as possible. However, in NR V2X, aperiodic data packets may share the same resource pool with the periodic packets. The presence of aperiodic packets at least brings the following two impacts:
· The UEs cannot predict the presence of aperiodic packet with the existing sensing procedure, if the legacy intra-TTI structure of PSCCH and PSSCH is used for the aperiodic packet. 
· The energy measurement (S-RSSI), which is averaged over a number of periodic resources (with fixed period of 100ms irrespective of the real period of the transmitted packets), may be disturbed severely by the aperiodic data packets.

Motivated by the second consideration, extra measure should be taken: the long-term S-RSSI measurement on periodic packets should remove the contributions from the aperiodic packets.
Also motivated by the above two considerations, another SCI format could be defined containing the resource reservation relevant information to assist the sidelink resource allocation and is conveyed by one PSCCH format. In particular, this PSCCH could be transmitted ahead of the associated aperiodic PSSCH to announce its resource reservation to allow collision avoidance and/or preemption operations. Different TTIs are employed for their transmissions respectively. Additionally, for periodic packet transmission, the data packet may be absent in one period (e.g. due to congestion control or no data in the transmit buffer). In this case, the PSCCH with resource reservation relevant information may be transmitted instead to maintain the resource reservation for next period. 

The usage scenarios of the SCI format with resource reservation information over PSCCH are illustrated in Figure 1 for periodic/aperiodic packets. For simple description, this SCI format is denoted as SCI-R and the SCI for data packet decoding is denoted as SCI-D in the figure. As shown in the figure (Figure 1a), for aperiodic data packet, the transmitter can select the resources for PSSCH and PSCCH with SCI-R based on the channel sensing result. The transmission of SCI-R which precedes the associated PSSCH announces the resource reservation to other UEs such that the collision avoidance and preemption operations could be enabled. 
In details, for aperiodic data traffic, neighbouring UEs have the chance to decode PSCCHs with SCIs-R and avoid using the resources to be occupied by the UE. The PSCCH indicates the locations (both time and frequency locations) of all transmissions of the associated PSSCHs. A vehicular UE continuously decodes PSSCHs with SCI-Rs from other UEs. RSRP measurements could also be performed on these PSCCH channels. Then even for aperiodic data traffic, based on decoded SAs and measured PSCCH-RSRPs, the UE can still estimate interference levels of associated data resources in its data resource selection window. The UE can exclude data resources with interference levels higher than a configured threshold. 
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(a) SCI-R usage for aperiodic packet
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(b) SCI-R usage for periodic packet
Figure 1: Illustration of SCI-R usage for periodic/aperiodic packets
For coexistence of both periodic and aperiodic packets in a common resource pool, all UEs perform “background sensing”, i.e. UEs sense all the time. If required, they can perform resource (re)selection promptly to meet latency requirement. Sensing includes two parts: long-term sensing and short-term sensing. Long-term sensing aims at estimating the profile of resource usage by periodic traffic. Short-term sensing aims at estimating the profile of resource usage by aperiodic traffic. For long-term sensing, sensing window is set to be a time window of max periodicity (e.g.1000ms).  Sensing includes both SA (SCI-R) decoding and sidelink channel measurements (PSSCH-RSRP and S-RSSI) on periodic packets. As detailed above, long term S-RSSI measurement mechanism for periodic packets should be enhanced to remove the contributions from the aperiodic packets. For short-term sensing, sensing includes SA (SCI-R) decoding with potential sidelink channel measurements (e.g. PSCCH-RSRP) on aperiodic packets. 
Based on sensing results, the UE selects resources from a selection window (set according to latency requirement). In the selection window, the UE first excludes resources that are occupied by periodic traffic or aperiodic traffic and have RSRP values exceeding the relevant threshold and then rank the remaining resources as per the energy measurement results (e.g. S-RSSI) and selects resources with the least energy measurements. For the UE with periodic packets for transmission, it reserves multiple sidelink resources (i.e. semi-persistent transmission). On the contrary, for the UE with aperiodic packets for transmission, it reserves sidelink resources once (i.e. one shot transmission).
Proposal 5: Support SCI format with resource reservation information (SCI-R) to assist resource allocation for periodic and aperiodic packets. 

Proposal 6: For aperiodic packet, consider forward SA resource selection, i.e. the PSCCH with resource reservation information (SCI-R) transmitted ahead of the associated PSSCH (in different TTIs) to announce its resource reservation for collision avoidance and/or preemption. 
Proposal 7: For long-term sensing, S-RSSI measurement should remove the contributions from the aperiodic packets to provide more reliable reference for resource selection.
Proposal 8: For coexistence of both periodic and aperiodic packets in a resource pool, all UEs perform both long-term sensing on periodic packets and short-term sensing on aperiodic packets all the time.
The UE with periodic packets employs semi-persistent transmission and the UE with aperiodic packets employs one shot transmission.
4 System level performance evaluation 
We performed system level simulations to evaluate the performance of resource selection schemes for both periodic and aperiodic traffic. The system level simulator is compliant with the evaluation methodology agreed in RAN1 and summarized in [4]. The simulation profile was agreed in RAN1#94bis and summarized in [3]. The resource selection schemes simulated include random resource selection, sensing based resource selection (LTE V2V) with SPT for periodic traffic and forward SA based resource selection for aperiodic traffic. Simulation parameters are listed in appendix. 
The following figure shows the PRR (packet reception ratio) vs. distance for periodic traffic with broadcast type in the highway scenario. Here 50% UEs generate periodic packets with period of 50ms. The packet size is 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8. As expected, compared with random resource selection, sensing base resource selection (LTE V2V) with SPT can substantially improve the system level performance. 
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Fig.2. Reliability performance for periodic traffic in highway scenario (Option A)
The following figure shows the PRR (packet reception ratio) vs. distance for aperiodic traffic with broadcast type in the highway scenario. Aperiodic traffic Model 1 (medium traffic intensity) is simulated with packet size uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes. Compared with random resource selection, forward SA base resource selection can significantly improve the system level performance for aperiodic packets.
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Fig.3. Reliability performance for aperiodic traffic in highway scenario (Option A)
Observation 1: For aperiodic traffic, forward SA based resource selection can substantially improve the system level performance. 
We then compared resource selection schemes for mixed scenario with broadcast/groupcast/unicast types. For each traffic type, 50% UEs generate periodic packets and 50% UEs generate aperiodic packets. Here the PRRs of aperiodic traffic with broadcast type are shown in the following figure. With sensing based resource selection with reservation for periodic traffic but without reservation for aperiodic traffic, the system level performance is significantly worse that that with random resource selection. On the contrary, with sensing based resource selection for periodic traffic and forward SA based resource selection for aperiodic traffic, the system level is substantially improved compared with random resource selection. 
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Fig.4. Reliability performance for aperiodic traffic in mixed scenario
Further, the following figure shows the PRRs of periodic traffic with broadcast mode. Sensing based resource selection can significantly improve the system level performance for periodic traffic compared with random resource selection. With both sensing based resource selection for periodic traffic and forward SA based resource selection for aperiodic traffic employed, the system level performance is further improved.  
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Fig.5. Reliability performance for periodic traffic in mixed scenario
Observation 2: Employing sensing based resource selection with SPT for periodic traffic and forward SA based resource selection for aperiodic traffic can well support simultaneous periodic/aperiodic traffic in mixed scenario. 
The following figure shows the impact of the aperiodic packets on the S-RSSI measurements and resource selection. Final S-RSSI measurements are obtained through averaging multiple periods. It shows aperiodic packets have large negative impact on the long-term S-RSSI measurement and associated resource selection by the UE.
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Fig.6. Impact of aperiodic packets on S-RSSI measurements and resource selection
Observation 3: Aperiodic packets have large negative impact on long-term S-RSSI measurement and associated resource selection.  
5 Conclusions

In this contribution, we provide our views on sidelink resource allocation for NR V2X, summarized in the following proposals and observations: 
Proposal 1: Sub-mode a of NR V2X mode 2 should inherit all functionalities of LTE V2X mode 4 to continue serving periodic packets efficiently. 
Proposal 2: Consider supporting sub-mode d of NR V2X mode 2 but limiting its usage to special scenarios, e.g. only group leader is allowed to schedule sidelink transmissions of other member UEs in the group.  

Proposal 3: For sub-mode d of NR V2X mode 2, consider the scheduling UE configured/pre-configured by gNB, selected by application layer, or decided by near-by multiple UEs. 

Proposal 4: For sub-mode d of NR V2X mode 2, consider the scheduling UE uses either NR V2X mode 1 or mode 2 (sub-mode a) to jointly reserve resources for aggregated data traffic from member UEs.

Proposal 5: Support SCI format with resource reservation information (SCI-R) to assist resource allocation for periodic and aperiodic packets. 

Proposal 6: For aperiodic packet, consider forward SA resource selection, i.e. the PSCCH with resource reservation information (SCI-R) transmitted ahead of the associated PSSCH (in different TTIs) to announce its resource reservation for collision avoidance and/or preemption. 
Proposal 7: For long-term sensing, S-RSSI measurement should remove the contributions from the aperiodic packets to provide more reliable reference for resource selection.
Proposal 8: For coexistence of both periodic and aperiodic packets in a resource pool, all UEs perform both long-term sensing on periodic packets and short-term sensing on aperiodic packets all the time.
The UE with periodic packets employs semi-persistent transmission and the UE with aperiodic packets employs one shot transmission.
Observation 1: For aperiodic traffic, forward SA based resource selection can substantially improve the system level performance. 
Observation 2: Employing sensing based resource selection with SPT for periodic traffic and forward SA based resource selection for aperiodic traffic can well support simultaneous periodic/aperiodic traffic in mixed scenario. 
Observation 3: Aperiodic packets have large negative impact on long-term S-RSSI measurement and associated resource selection.  
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Appendix

In this section, we provide summary of simulation parameters of the system level simulations.

Table 1: Summary of system level evaluation assumptions
	Parameters
	Values

	Carrier frequency
	6 GHz

	SCS (sub-carrier spacing)

	15 KHz

	Bandwidth
	20 MHz for PSSCH

	Packet modulation/coding
	16 QAM, ½ LDPC, 8 PRBs per subchannel

	Number of TX/RX antenna number
	2Tx/4Rx

	Antenna model for vehicle UE
	Option 1

	Velocity for vehicle TX UE and RX UE
	Highway scenario: 

Option A: 140 km/h 

	The number of PSSCH transmissions for a TB 

	1

	Service type
	Broadcast with 50% periodic UEs or all aperiodic UEs
Mixed scenario: 33%, 33%, 34% vehicles generate unicast, multicast, broadcast packets, respectively. For each traffic type, 50% is periodic and 50% is aperiodic.


