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1 Introduction

In the description of the work item [1] for 5G V2X with NR sidelink, the following objectives were specified for Mode 2 resource allocation for NR sidelink:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.

· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]
· Resource allocation [RAN1, RAN2]

· Mode 1

· NR sidelink scheduling by NR Uu and LTE Uu as per the study outcome

· Mode 2

· Sensing and resource selection procedures based on sidelink pre-configuration and configuration by NR Uu and LTE Uu as per the study outcome

· Support for simultaneous configuration of Mode 1 and Mode 2 for a UE

· Transmitter UE operation in this configuration is to be discussed after the design of mode 1 only and mode 2 only.

· Receiver UE can receive the transmissions without knowing the resource allocation mode used by the transmitter UE. 

· UE relaying resource pool configuration or resource configuration is not supported in this work in Rel-16.

At RAN1#96bis, the following agreements were reached [2]:
Agreements:


NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure

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


FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X
At RAN1#97, the following agreements were reached [3]:
Agreements:

· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB

· FFS impact on subsequent sensing and resource selection procedures

· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported

· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE

· FFS the behavior of the receiver UE(s) of this TB and other UEs

Agreements:

· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:

· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission

· Option 2: A transmission can reserve resource for none or one blind retransmission

Agreements:

· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission

· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget

· FFS T1 value, whether it is measured in slots, symbols, ms, etc.

· FFS other conditions

Agreements:

· Support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection

· No additional sensing for other channels
At RAN1#98, the following agreements were reached [4]:
Agreements:

· At least for mode 2, The maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]

· Aim to select the particular number in RAN1#98

· NMAX is the same regardless of whether HARQ feedback is enabled or disabled

Agreements:

· At least for mode 2,  (Pre-)configuration can limit the maximum number of HARQ (re-)transmissions of a TB

· Up to 32

· FFS the set of values

· FFS signaling details (UE-specific, resource pool specific, QoS specific, etc.)

· If no (pre)configuration, the maximum number is not specified

· Note: this (pre-)configuration information is NOT intended for the Rx UE

Agreements:

· In Mode-2, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s) 

· SL minimum resource allocation unit is a slot

· FFS whether when the resource allocation is multiple slots, the slots can be aggregated

· FFS whether in case of multiple slots, the indicated slots are contiguous or not

Working assumption:

· An indication of a priority of a sidelink transmission is carried by SCI payload

· This indication is used for sensing and resource (re)selection procedures

· This priority is not necessarily the higher layer priority

Agreements:

· The resource (re-)selection procedure includes the following steps

· Step 1: Identification of candidate resources within the resource selection window
· FFS details
· Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources
· FFS details
Agreements:

· In Step 1 of the resource (re-)selection procedure, a resource is not considered as a candidate resource if:

· The resource is indicated in a received SCI and the associated L1 SL-RSRP measurement is above an SL-RSRP threshold

· The SL-RSRP threshold is at least a function of the priority of the SL transmission indicated in the received SCI and the priority of the transmission for which resources are being selected by the UE

· FFS details
In this contribution, we provide our views on mode 2 sidelink resource allocation for NR V2X. 

2 Resource allocation for mode 2 
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 shares 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 (standalone 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 (conveyed in the 1st-stage SCI) and the SCI for data packet decoding is denoted as SCI-D (conveyed in the 2nd-stage SCI) 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 standalone 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 (or the initial transmission) of the associated PSSCHs. A vehicular UE continuously decodes PSCCHs 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 SCI-Rs 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. 

Proposal 1: Support SCI format with resource reservation information (SCI-R conveyed in the 1st-stage SCI) to assist resource allocation for periodic and aperiodic packets. 

Proposal 2: For aperiodic packet, support standalone PSCCH with resource reservation information (the 1st-stage SCI) transmitted ahead of the associated PSSCH (in different TTIs) to announce its resource reservation for collision avoidance and/or preemption. 
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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 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. 
One potential way to enhance long term S-RSSI measurement is that the S-RSSI measurement is based only on periodic packet specific DMRS and the aperiodic packets use DMRS pattern orthogonal to the periodic packets (e.g. in FDM).  Some system level simulations were made to evaluate the impact of the aperiodic packets on the S-RSSI measurements and resource selection as shown in Figure 2. In the simulations, 50% UEs with periodic traffic and the rest UEs with aperiodic traffic share the same resource pool. Sensing-based UE-autonomous resource selection is used for both the traffic types (It is assumed that PSCCH with resource reservation is transmitted ahead of data for aperiodic packets). Other simulation conditions are listed in table 1 in appendix. The simulation results show that aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.
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Figure 2: Evaluation of the impact of aperiodic packets on the sensing-based resource selection
Based on sensing results, the UE selects resources from a selection window (set according to latency requirement). As agreed in the last meeting, the resource (re-)selection procedure includes the following steps: Step 1: Identification of candidate resources within the resource selection window; Step 2: Resource selection for (re-)transmission(s) from the identified candidate resources. In the first step, the UE excludes resources that are occupied by periodic traffic or aperiodic traffic and have RSRP values exceeding the relevant threshold. In the second step, the UE ranks 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 3: In the second step of the resource (re)selection procedure, a UE ranks the remaining resources as per the energy measurement results (e.g. S-RSSI) and selects resources with the least energy measurements. 
Observation 1: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.

Proposal 4: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
Proposal 5: 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.
As agreed previously, the maximum number of SL resources NMAX reserved by one transmission including current transmission is [2 or 3 or 4]. A particular value still needs to be specified in this meeting. Chain resource reservation can be realized if NMAX is 2, where only resource for the next transmission is reserved. On the contrary, look-ahead resource reservation can be realized if NMAX is 3 or 4. More control signalling bits are needed (9 more bits if NMAX is 3 or 18 more bits if NMAX is 4). A larger number of NMAX provides more resource occupation information to assist nearby UEs’ resource selection operations, eventually leading to better system level performance. Chain resource reservation has reversed cons and pros in comparison with look-ahead resource reservation.
Proposal 6: Consider specifying the maximum number of SL resources NMAX reserved by one transmission including current transmission as 2 to realize chain resource reservation, which consumes less control signaling bits at the cost of system level performance.  
As agreed, SCI payload indicates sub-channel(s) and slot(s) used by a UE and/or reserved by a UE for PSSCH (re-)transmission(s). SL minimum resource allocation unit is a slot. Slots aggregation is not necessary. A large packet can be divided into multiple small packets at higher layer so that the TB size of each packet at PHY can be accommodated in a slot. In case of multiple slots, the indicated slots shouldn’t be contiguous. Contiguous slots occupied by a UE’s transmission would increase latency for other UEs’ transmissions if the transmission from the UE aims at those UEs. One the other hand, contiguous slots impact the UE’s prompt reception of other UEs’ transmissions due to half duplex constraint.   
Proposal 7: Slot aggregation is not supported. 

Proposal 8: In case of multiple slots, the indicated slots are not contiguous. 
3 Conclusions

In this contribution, we provide our views on mode 2 sidelink resource allocation for NR V2X, summarized in the following proposals and observations: 
Proposal 1: Support SCI format with resource reservation information (SCI-R conveyed in the 1st-stage SCI) to assist resource allocation for periodic and aperiodic packets. 

Proposal 2: For aperiodic packet, support standalone PSCCH with resource reservation information (the 1st-stage SCI) transmitted ahead of the associated PSSCH (in different TTIs) to announce its resource reservation for collision avoidance and/or preemption. 

Proposal 3: In the second step of the resource (re)selection procedure, a UE ranks the remaining resources as per the energy measurement results (e.g. S-RSSI) and selects resources with the least energy measurements. 
Proposal 4: Discuss the solution to mitigate the impact of aperiodic packets on the sidelink channel measurement and UE resource selection. S-RSSI measurement based on DMRS could be considered.
Proposal 5: 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.
Proposal 6: Consider specifying the maximum number of SL resources NMAX reserved by one transmission including current transmission as 2 to realize chain resource reservation, which consumes less control signaling bits at the cost of system level performance.  

Proposal 7: Slot aggregation is not supported. 

Proposal 8: In case of multiple slots, the indicated slots are not contiguous.
Observation 1: Aperiodic packets have large negative impact on the S-RSSI measurement and associated resource selection by the UE.
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· Appendix 

Table 1: System level simulation conditions for Fig. 2
	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 

	PSSCH transmission number per TB 

	Single transmission per TB

	Service type
	Broadcast traffic with mixed 50% periodic UEs and 50% aperiodic UEs. Medium intensity for both periodic traffic (with period of 50m) and aperiodic traffic, as defined in TR37.885.

	Resource selection method
	Sensing-based resource selection for both periodic and aperiodic packets.

SPT for periodic packets; resource reservation for aperiodic packet ahead of PSSCH. 


