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Introduction
The following agreements and working assumptions were made about NR sidelink resource allocation [1], [2], [3], [4].
	RAN1#94 Agreements:
Agreements:
· 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
a. UE autonomously selects sidelink resource for transmission
b. UE assists sidelink resource selection for other UE(s)
c. UE is configured with NR configured grant (type-1 like) for sidelink transmission
d. UE schedules sidelink transmissions of other UEs
· RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication.



	RAN1#94bis Agreements:
Agreements:
· Sidelink sensing and resource selection procedures are studied for Mode-2(a)
· The following techniques are studied to identify occupied sidelink resources
· decoding of sidelink control channel transmissions
· sidelink measurements
· detection of sidelink transmissions
· other options are not precluded, including combination of the above options
· The following aspects are studied for sidelink resource selection
· how a UE selects resource for PSCCH and PSSCH transmission (or other sidelink physical channel/signal, if it is introduced)
· which information is used by UE for resource selection procedure

· The following aspects about assistance information are studied for Mode 2(b)
· Which assistance information is used and how it is acquired
· Which UE sends assistance information
· How to deliver assistance information, including physical channel and UE behavior
· How assistance information is taken into account in determination of sidelink resource for transmission
· RAN1 to further study whether some or all of Mode-2(b) functionality is a part of Mode-2(a)(c)(d)

· 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)

· The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
· RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)



	RAN1#95 Agreements:
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
· 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
· 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
· 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
· 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 



	RAN1 Ah-Hoc 1901 Agreements:
Agreements:
· Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions. 
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply

· For the purpose of performance evaluation for Mode-2(c), the following Mode-2(c) transmission pattern selection is used when a UE is configured with a pool of patterns:
· Sensing based pattern selection (e.g. UE selects unused pattern based on sensing results) 
· Additional information to assist pattern selection is not precluded, e.g., by using UE geographical location information 

· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)

· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI 

· At least for the purpose of evaluation, in Mode-2(d), at least for group operation, a member UE transmits on resources configured by another UE (S-UE) within the same group
· High layer signaling is assumed between S-UE and a member UE



In this contribution, we discuss some of the remaining open issues related to NR sidelink resource allocation schemes for mode-2 and give some proposals based on analysis.
Mode-2 Scheme
There are several open issues on Mode-2 sensing and resource selection that need to be addressed. We need to further discuss how the UE should identify occupied sidelink resources and how the UE selects resource for PSCCH and PSSCH transmission in terms of resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc. We also need to further discuss the benefits of assistance data from target receiver UE and whether and how UE reselecting resource takes it into consideration.
Mode-2 Sensing Mechanisms
For Mode-2, it supports a UE sidelink sensing procedure. When considering Mode-2 sensing we need to remember that for LTE V2X we only had to deal with periodic traffic, but for NR V2X we need to deal with both periodic and aperiodic traffic. Moreover, we need to make sure it’s flexible to handle periodic and aperiodic traffics. The periodic and aperiodic traffic model assumptions for evaluation of NR V2X are defined in [5] and provided in Tables 1 and 2.
Table 1: Options for Periodic Traffic model
	Model
	Inter-packet arrival time 
(ms)
	Packet size
	Latency 
(ms)

	Model 1 
(low traffic intensity)
	100
	Pattern of {300 bytes, 190 bytes, 190 bytes, 190 bytes, 190 bytes} with random starting point for each UE
	100

	Model 2
(Medium traffic intensity)
	10
	1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8
	10

	Model 3
(High traffic intensity)
	30
	Uniformly random in the range of 30000 bytes – 60000 bytes with quantization step of 10000 bytes
	30



Table 2: Options for Aperiodic Traffic model
	Model
	Inter-packet arrival time 
(ms)
	Packet size
	Latency 
(ms)

	Model 1
(Medium traffic intensity)
	50 + an exponential random variable with the mean of 50
	Uniformly random in the range of 200 bytes – 2000 bytes with quantization step of 200 bytes
	50

	Model 2
(High traffic intensity)
	10 + an exponential random variable with the mean of 10
	Uniformly random in the range of 10000 bytes – 30000 bytes with quantization step of 400 bytes
	10



[bookmark: _Hlk893945]With that being said, it is clear that the periodic and aperiodic traffic models have different resource allocation needs. So, for the NR V2X Mode-2 sensing mechanism we need to discuss how to design a reasonable sensing mechanism with emphasis on techniques for resource granularity for sensing and detailed conditions when this procedure can apply. At RAN1 Ad-hoc 1901, we agreed that SCI decoding applied during the sensing procedure provides at least information pertaining to sidelink resources indicated by the UE transmitting the SCI. We think other sidelink transmission information such as QoS attributes may also be useful in the sensing procedure, i.e., priority, latency, and reliability. The priority level QoS attribute is useful for handling sidelink transmissions with different priority levels, in which the priority level associated with the 5GI (5G QoS Identifier) indicates a priority in scheduling resources, where the lowest priority value corresponds to the highest priority.  Furthermore, in the case of congestion, the priority level can be used to select the sidelink transmission. In addition, priority levels can be based on radio conditions, which means e.g., the higher sidelink priority transmissions could receive better radio conditions. The latency QoS attribute is useful for setting the resource selection windows, in which the packet delay budget (PDB) associated with the 5GI can be used to support the configuration of scheduling and link layer functions [6].  The reliability QoS attribute is useful for deriving information for repetition of transmissions, in which the packet error rate (PER) associated with the 5GI can be used to determine non-congestion related packet losses [6]. Therefore, we propose that other sidelink transmission information such as QoS attributes priority, latency, and reliability should be used.
Proposal 1: Mode-2 sensing procedure can utilize other sidelink transmission parameters: priority, latency, and reliability.
We think long term and short-term NR sidelink sensing are needed, where the long-term sensing can be used to handle period traffic with resource reservation and the short-term sensing can be used to handle aperiodic traffic. The latency QoS attribute is useful for setting the resource selection windows, so it can be used to determine the duration of the resource selection window for both long-term and short-term sensing. 
Proposal 2: The latency QoS attribute is supported for setting the resource selection windows.
We also need to consider which sidelink measurements to use for the sensing procedure from the sidelink transmission/UE. At least SL-RSRP measurement should be supported for the sensing procedure. The SL-RSRP should be defined for PSCCH and PSSCH sidelink channels. The SL-RSSI measurement can also be used to identify occupied resources.
Proposal 3: Long-term and short-term NR sidelink sensing should be introduced.
Proposal 4: For Mode-2 sensing procedure S-RSRP measurements should be supported.
Proposal 5: SL-RSRP should be defined for PSCCH and PSSCH sidelink channels.
Proposal 6: The SL-RSSI measurement can also be used to identify occupied resources.
Mode-2 Resource Selection Mechanisms
For Mode-2, it supports a UE sidelink resource (re)-selection procedure. At RAN1#95, we agreed that resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission. When considering Mode-2 resource (re)-selection we need to discuss how to design a reasonable resource (re)-selection procedure with emphasis on techniques for resource (re)-selection and detailed conditions when this procedure can apply. Moreover, Mode-2 should support semi-persistent scheme where resource(s) ae selected for multiple transmission of different TBs and dynamic schemes for resource selection where resource(s) are selected for each TB transmission. 
Proposal 7: Mode-2 should support semi-persistent scheme where resource(s) ae selected for multiple transmission of different TBs.
Proposal 8: Mode-2 should support dynamic schemes for resource selection where resource(s) are selected for each TB transmission.
Now, we also need to consider what should be included when Mode-2 resource selection or reselection procedure is used to determine resources for sidelink transmission once the resource (re)-selection is triggered. We think at least resource exclusion based on control channel processing and SL-RSRP measurements should be supported and QoS attributes, i.e., priority, latency, and reliability are taken into account.
Proposal 9: For Mode-2, resource selection or reselection procedure is used to determine resources for sidelink transmission once the resource (re)-selection is triggered and includes
· At least resource exclusion based on control channel processing and SL-RSRP measurements should be supported.
· QoS attributes, i.e., priority, latency, and reliability should be taken into account.
Mode-2 Assistance Information 
The main incentive for Mode-2 assistance information is that a UE may be able to provide assistance information to assist sidelink resource selection for other UE(s). Moreover, we discuss the benefits of assistance data from target receiver UE and whether and how UE reselecting resource takes it into consideration. For the resource (re)-selection procedure, it uses results from the sensing procedure and can acquire assistance information to determine resource(s) for the sidelink transmission. It is reasonable to assume that the assistance information can be in the form of sensing results reporting, since UEs autonomously selects sidelink resource for transmission.  As the results from sensing can be in the form of measurement reports, in which they can be sent to the other UEs.  Also, other useful assistance information that pertains to the QoS attributes should considered.  
Proposal 10: UE assistance information based on sensing results, i.e., in the form of sensing results reporting.
Proposal 11: UE assistance information pertaining to the QoS attributes.

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, we discussed some of the remaining open issues related to NR sidelink resource allocation schemes for mode-2 and the following proposals are given as following:
Proposal 1: Mode-2 sensing procedure can utilize other sidelink transmission parameters: priority, latency, and reliability.
Proposal 2: The latency QoS attribute is supported for setting the resource selection windows.
Proposal 3: Long-term and short-term NR sidelink sensing should be introduced.
Proposal 4: For Mode-2 sensing procedure S-RSRP measurements should be supported.
Proposal 5: SL-RSRP should be defined for PSCCH and PSSCH sidelink channels.
Proposal 6: The SL-RSSI measurement can also be used to identify occupied resources.
Proposal 7: Mode-2 should support semi-persistent scheme where resource(s) ae selected for multiple transmission of different TBs.
Proposal 8: Mode-2 should support dynamic schemes for resource selection where resource(s) are selected for each TB transmission.
Proposal 9: For Mode-2, resource selection or reselection procedure is used to determine resources for sidelink transmission once the resource (re)-selection is triggered and includes
· At least resource exclusion based on control channel processing and SL-RSRP measurements should be supported.
· QoS attributes, i.e., priority, latency, and reliability should be taken into account.
Proposal 10: UE assistance information based on sensing results, i.e., in the form of sensing results reporting.
Proposal 11: UE assistance information pertaining to the QoS attributes.
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