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Introduction
At the RAN#80 meeting, the study item on NR V2X was approved [1]. Study of technical solutions for sidelink resource allocation is one of the major study item objectives:
	NR V2X SI Objective 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


In this contribution, we continue discussion on sub-modes of Mode-2 sidelink resource allocation for NR V2X communication. Furthermore, we debate major principles of NR-V2X sidelink resource allocation and aim to optimally support scenarios with quasi-periodic traffic, aperiodic traffic and their combination. In our view, for NR-V2X system, it is desirable to support optimal handling of all three traffic options while sharing the same sidelink spectrum resources. Finally, we provide system level evaluation and comparative analysis of various resource allocation schemes. Our views on other NR V2X design aspects are summarized in our companion contributions [5]-[11].
Mode-2 Resource Allocation Candidates
According to Mode-2 definition it covers the following 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
At the RAN1#95, it was concluded that Mode-2(b) is not considered as a standalone resource allocation sub-mode. 
	RAN1#95 agreements:
Mode-2(b)
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


UE assistance for sidelink resource selection should be considered as a part of Mode-2 sensing and resource selection procedures. In particular, this enhancements can be applied to unicast links assuming that target receiver UE shares information about preferred/recommended resources. In this case, TX based sensing defined by Mode-2(a) can be augmented by RX-based sensing. Detailed discussion on this can be found in our companion contribution [6].
As for Mode-2(c), at the previous meeting, the following agreements were made by RAN1 WG 
	RAN1 AdHoc-1901:
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


Given that sensing and transmission pattern selection from the pool of patterns is assumed, the only difference b/w Mode-2(a)/(c) is that Mode-2(c) UEs operate under (pre)-configured constraints, while Mode-2(a) UEs are supposed to have full freedom in terms of resource selection. Considering this aspect, we do not see any value to discuss Mode-2(a) and Mode-2(c) separately (at least at this stage) rather than work on sensing and resource selection details for resource allocation Mode-2. 
Mode-2 Sensing and Resource Selection
 At the previous meetings, the following agreements were made by RAN1 WG with respect to sensing and resource selection procedure:
	RAN1#95 agreements:
Mode-2(a)
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
RAN1 AdHoc-1901 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
· 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


In Mode-2, UE is expected to decode sidelink control (PSCCH) and conduct sidelink measurements to identify occupied resources as well as priority or generalized QoS targets of ongoing transmissions from other UEs. For resource selection, UE utilizes sensing results and information on its own traffic parameters (e.g. QoS) and assistance data from other UEs. In addition, UE geo-location information can be used to guide resource selection decision. In the next sub-sections, we discuss FFS aspects in more details:
Information extracted from SCI decoding
SCI decoding is used to extract information on occupied sidelink transmission resources, including resources for initial transmission, retransmissions and semi-persistently reserved resources. Besides the occupied sidelink resources, UE performing resource reselection extracts information on sidelink transmission priority and/or generalized QoS target/level of sidelink transmission to further take it into account in resource selection procedure.

Proposal 1: 
· SCI decoding in sensing procedure is used to extract information on
· 	sidelink resources occupied by other UEs including initial transmission, (re)-transmissions, and semi-persistently reserved sidelink resources
· Source and destination IDs
· UE may further determine sidelink resources used by UEs that belong to the same group(s)
· QoS level of sidelink transmission e.g. priority and/or reliability (PQI indicators)

Sidelink measurements
SL-RSRP and SL-RSSI measurements should be introduced and used in sensing and resource selection procedure. SL-RSRP can be used for exclusion of sidelink resources based on preconfigured SL-RSRP threshold(s) that may depend on priority/generalized PQI targets/levels of transmitting UEs as well as UE (re)-selecting sidelink resource. SL-RSSI measurement can be used to form candidate resource set for sidelink transmission from all non-excluded resources.

Proposal 2: 
· SL-RSRP and SL-RSSI measurements are introduced for sensing and resource selection procedure
· SL-RSRP measurement is used to determine sidelink resources for exclusion
· Resources used by UEs that belong to the same group(s) can be automatically excluded
· SL-RSSI measurement is used at least to measure signal strength on non-excluded resources

Timescale of sensing procedure
From UE implementation perspective, it is desirable to reduce sensing window comparing to LTE to relax requirements on memory and complexity of processing. The sensing window should not exceed the maximum transmission period which is according to our understanding does not exceed 1000ms. In practice, this window q can be further reduced to hundreds of ms (e.g. 200ms) or made configurable. Periodic transmissions with larger transmission period can be handled by short term sensing.

Proposal 3: 
· Define sensing window as a time interval where UE is expected to monitor medium before resource (re)-selection trigger
· Sensing window duration is configurable
· FFS minimum and maximum duration of sensing window

Timescale and conditions for resource selection or (re)-selection
Resource selection window timescale is bounded by packet delay budget (PDB) requirement. If PDB is large (e.g. 100ms) it can be restricted by pre-configuration or specification, e.g. min(PDB, TRES). UE is expected to select resource as early as possible and announce its decision (i.e. reserve selected resource(s)). During resource selection process UE can give priority to the earliest in time resource(s) among candidate resources, so that it does not unnecessary delay sidelink transmission.
The following events may trigger resource (re-)selection:
UE determines that new packet is arrived and there is no sidelink resources reserved for transmission
UE determines that new packet is arrived and cannot be transmitted in reserved resources (e.g. lack of reserved sidelink resources, the target QoS level is not guaranteed)
UE determines that resource reservation is expired (based on timer or counter of transmitted TBs) and new packet is arrived
· It is applicable to semi-persistent transmission scheme
UE determines that resource which is used for actual transmission (i.e. after transmission announcement in PSCCH by means of scheduling assignment or reservation signaling) was preempted by other UE transmission and new resource selection condition is met.
· Resource selection condition in case of preemption is to be defined.

Proposal 4: 
· Resource selection window is defined as a time interval starting from resource (re)-selection trigger and bounded by min(TPDB, TRSW), where
· TPDB – packet delay budget
· TRSW – configurable resource selection window duration
· Resource reselection triggers are FFS

PSCCH and PSSCH resource selection details
It is assumed that PSCCH and PSSCH resources are associated (linked) with each other. Upon resource reselection trigger UE forms candidate resource set composed from at least M candidate resources and selects R tentative candidate resources for sidelink transmission. When selecting resources for transmission UE prioritizes selection of at least one earliest in time candidate resource among N earliest in time resources (N < M) in order to announce its decision as soon as possible either through scheduling assignment or standalone resource reservation signaling (standalone PSCCH transmission can be used for that purpose).
UE continues to monitor transmissions within resource selection window (short term sensing) until the first transmission (either actual data transmission or standalone reservation signaling). If UE detects through SCI decoding that recently announced transmissions from other UEs collide with tentatively selected candidate resources for transmission (R), UE reselects R tentative candidate resources from candidate resources set to avoid conflict (i.e. by excluding conflicting candidate resources). If there is no remaining conflict free candidate resources, UE proceed with transmission on previously selected R candidate resources, otherwise UE makes new iteration and reselects R candidate resources (refinement of candidate resources).

Proposal 5: 
· UE forms initial candidate resource set based on sensing results collected before resource reselection trigger (resource exclusion procedure)
· UE prioritizes transmission on a subset of the earliest in time candidate resources
· UE refines initial candidate resource set based on monitoring of sidelink transmissions within resource selection window at least until the first in time transmission on candidate resource

PSFCH Considerations
In our view, PSFCH channel should have the same or at least similar physical structure as PSCCH [5]. 
	· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1


In our initial proposal, we suggested that PSFCH resource is signaled by transmitter. According to the agreement made by RAN1, this possibility is still there but only to control frequency resource. Another alternative is to use one-one mapping b/w PSCCH/PSSCH and PSFCH resources. However one to one mapping may not work in unicast and groupcast modes. For instance if unicast TX sends multiple TBs across different sub-channels in different slots one-to-one mapping may lead to multi-cluster transmission. Overall selection of PSFCH resource for transmission deserves more analysis and additional progress made on physical structure of feedback channel.

QoS Impact on Resource Selection
The QoS attributes have impact on sidelink resource selection. UE reselecting resources should take into account its own QoS attributes (e.g. latency, priority, etc.) as well as QoS attributes of other UEs that are indicated in SCI (e.g. priority). The latency will mainly affect resource selection window, priority and reliability amount of resources to be reserved as well as whether to apply standalone reservation signaling or not. In addition, these parameters jointly with the thresholds on SL-RSRP measurements will affect resource exclusion procedure and preemption mechanisms.

Proposal 6: 
· UE performing sensing and resource selection procedures takes into account QoS attributes of ongoing sidelink transmissions from other UEs and its own sidelink transmission
· At least sidelink transmission priority is signalled by other UEs

Assistance information
There are two types of assistance information that may be beneficial for resource selection: 1) assistance from target receivers and 2) geo-location information. Target receivers may send feedback to transmitter in unicast and groupcast modes. The feedback information may be used by target transmitter to select resource. The use of geo-location information to support spatial reuse similar to zoning principle defined in LTE. 

Proposal 7: 
· NR V2X supports the following type of assistance information for resource selection:
· Feedback from target receivers / UEs
· Geo-location information

Considerations on Mode 2(d)
At the previous RAN1 WG meeting, proponents of Mode-2(d) come up with harmonized/converged proposal on Mode-2(d) [12]. The following RAN1 WG agreement was made during the online discussion.
With respect to Mode-2(d), the following agreements were made by RAN1 WG at the previous meeting:
	RAN1 AdHoc-1901:
· 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


According to our analysis, the UE-based scheduling of sidelink transmission does not fit many of target V2X scenarios and applications. Considering aperiodic traffic type, distributed network architecture with varying topology, assigning some of the nodes to perform scheduling functions, i.e. serve as radio-heads may impose unnecessary radio-protocol overhead. In our view, the UE based scheduling can be beneficial for UE-to-NW relaying applications, which are currently out of SI scope and may be considered for UE-type RSUs and platooning use cases. The following agreement was made by RAN2 WG at the previous meeting (RAN2#104).
“No AS-level mechanism to determine a group manager (i.e. head UE) is stuided. FFS for platooning, on the visibility of a group manager (head UE) to AS and AS-level functionalities.”
However, it is our understanding based on [4] that platooning use cases do not rely on any radio-layer group manager and all group management and discovery procedures are upper layer functions.
For the latest proposal on Mode-2(d), we observe that it may further increase the latency of Mode-2(d) operation. In addition, we are still not clear on many details of UE behaviour. For instance, UE behaviour, if it scheduled/configured by multiple UEs and configurations are conflicting each other. Another open question is UE behaviour if configuration does not fit traffic conditions e.g. whether UE should request more resources or drop transmissions. It will require unnecessary extra signalling overhead and lead to half-duplex issues. In our view, the preferred option would be to utilize assistance mechanism rather than strict configuration. In that case, UEs can negotiate and reserve resources for transmission but follow general sensing and resource selection procedures.

Proposal 8: 
· RAN1 to continue discussion on other procedures after RAN2 conclusion on whether a group manager (head UE) is visible to AS or not
· Consider to utilize assistance signalling b/w UEs rather than restricting configuration signalling 

On eV2X Traffic Models and NR V2X Design
The following observations were made in our contributions submitted to the previous meetings based on initial analysis of sidelink V2X performance in periodic and aperiodic traffic conditions [13]-[16].


LTE-V2X sidelink radio-protocol is optimized for periodic traffic and is not optimized for aperiodic traffic
Sensing and resource selection principles for handling aperiodic traffic are fundamentally different and require fast reaction time
NR-V2X sidelink design should strive to optimally support: 1) periodic traffic; 2) aperiodic traffic; and 3) mix of periodic and aperiodic traffics
NR-V2X sensing and resource selection procedures for periodic and aperiodic traffics should strive to be compatible and complement each other (i.e. common procedure)

Sensing and Resource Selection Principles for NR-V2X Resource Allocation Mode-2
In our previous work [13]-[16], we have pointed out that in order to properly handle periodic and aperiodic traffic the large and small-scale sensing and resource selection procedures should be considered as candidates for NR-V2X Mode-2(a). By large scale sensing term, we denote procedures for resource selection based on long-term historic observations assuming that each UE can reserve resources for transmission of multiple TBs (e.g. semi-persistent resources for periodic traffic similar to those used in LTE-V2X sidelink).
By small scale sensing, we denote procedures for resource selection assuming that each UE can reserve resources for transmission of single TB (including initial transmission and retransmission). The small scale sensing procedure operates within resource selection window (i.e. after resource (re)-selection trigger) as well as in a small sensing window preceding resource (re)-selection trigger that covers maximum allowed time between initial transmission and retransmission of a given TB. Somewhat similar principles/ideas were expressed in [19] where long-term and short-term sensing procedures were discussed/proposed. In [18] and [17], several types of small-scale/short term sensing procedures based on LBT and LAAT mechanisms were described.
In order to align terminology, further in this contribution, we use terms of short term and long-term sensing and resource selection.

Long Term Sensing
The LTE-V2X sidelink sensing and resource selection procedure can be considered as an example of long-term sensing procedure. The main motivation behind long-term sensing procedure is to avoid transmissions on resources that are already reserved by other UEs. In order to accomplish this, UE processes sidelink control channels and performs measurements in sensing window (preceding resource (re)-selection trigger) to determine a set of candidate resources within resource selection window (allocated within latency budget). As it is shown in Section 5, large scale sensing procedure provides good performance for periodic traffic.
[bookmark: _Ref521603738]Short Term Sensing
The short term sensing can be beneficial for multiple reasons. First of all, it can serve as a complementary procedure on top of long-term sensing procedure to address the potential issue of collisions in case of simultaneous resource (re)-selection. At second, the short term sensing may be beneficial for aperiodic traffic handling, where long term sensing is expected to provide degraded performance.
One of the basic principles of short term sensing is to continue listen the medium resource selection process after resource (re)-selection trigger at least until the initial transmission. The short term sensing can be done based on additional received power measurements (e.g. RSSI or RSRP) or control channel processing. The support of short term sensing require proper considerations on sidelink resource grid and channel access occasions.
Combination of Long / Short Term Sensing
In general, long and short term sensing procedures should complement each other and can be viewed as a unified single solution. From system perspective, the following options can be enabled:
Option 1. Long term sensing is enabled w/o short term sensing
Option 2. Short term sensing is enabled w/o long term sensing
Option 3. Combination of short and long term sensing is enabled
In case of Option 3, when both long and short term sensing procedures are activated, the basic principles for resource selection can be as follows (see Figure 1):
Long term sensing procedure determines and excludes occupied resources and forms initial candidate set of resources for transmission within sidelink resource selection window by processing transmissions in long term sensing window preceding resource (re)-selection trigger and exclude occupied/congested resources. The main benefits of this procedure is to acquire a priori information on reserved/occupied resources when possible. It implies reuse of resource reservation and resource exclusion principles developed in LTE-V2X.
· The long-term sensing window can be configurable to accommodate multiple transmission periods in case of periodic traffic. In extreme case the long-term sensing window can be reduced to the size of the maximum window b/w initial transmission and last retransmission of a given TB allowed by system.
Short term sensing procedure operates within resource selection window right after resource (re)-selection trigger taking into account information from long term sensing procedure (e.g. candidate resource set) and inputs from short term sensing aiming to select final resources for transmission within resource selection window.
· If short term sensing procedure is disabled and only long-term sensing procedure is enabled, the sidelink resource for transmission can be randomly selected from candidate resource set provided by long term sensing procedure.
· If long term sensing procedure is disabled, the short term sensing is supposed to operate before resource re-selection trigger to cover maximum TB retransmission window and within resource selection window till the initial transmission


[bookmark: _Ref521359580]Figure 1: Combination of long and short term sensing for sidelink resource selection
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Description of Considered Mode-2(a) Schemes
In this section, we describe potential Mode-2(a) schemes based on long and short term sensing procedures and provide their system level performance analysis for Freeway and Urban deployment scenario.
For analysis, we assume sidelink component carrier of 20 MHz system bandwidth with 30 kHz SCS which is divided into multiple non-overlapped sub-channels.
The discontinuous transmission in time with channel access granularity equal to one slot, where channel access boundaries are aligned from system perspective at slot level. UE may occupy different frequency sub-channels in different slots. At the previous meeting, we have provided analysis assuming FDM between control and shared channel [16]. In this contribution, we provide the same set of results assuming TDM allocation. 
It is assumed that UE always satisfy latency requirement for its transmission. The resource selection window equal to 16ms was used in current analysis. The following Mode-2(a) schemes were evaluated for aperiodic and periodic traffic:
Scheme 1 (LTS). Long term sensing (LTS) based on LTE R14 V2V procedure w/o RSSI averaging
Scheme 2 (STS). Short term sensing (STS)
· Based on LTE R14 V2V w/o semi-persistent resource reservation for transmission of multiple TBs and w/o RSSI averaging
· Candidate set of resources is formed from resources within resource selection window based on decoding of SCI transmissions within maximum retransmission window preceding resource (re)-selection trigger.
· Prioritization of the nearest in time (NT) candidate resource from the set of candidate resources for selection of resource for initial transmission or reservation signal (randomization is applied within N first in time candidate resources)
· Reselection of selected candidate resources based on sensing results within resource selection window (i.e. if sidelink transmission announced by other UE(s) collides with selected candidate resource and its RSRP level is above adaptive RSRP threshold). In case of collision with selected resource for initial transmission the whole sidelink transmission is postponed and candidate resources are updated. If there is no sufficient amount of resources left, UE transmits on the previously selected candidate resources.
Scheme 3 (LTS+STS). LTS based on LTE R14 V2V w/o RSSI averaging + short term sensing (STS) procedure (semi-persistent reservations for multiple TBs are allowed and used for periodic traffic)
Scheme 4 (LTS+STS+GenieRS). This scheme is based on Scheme 3 with additional genie-aided short term reservation signaling (GenieRS) preceding actual transmission of each TB.
· Note: Genie-aided transmission/reception of short term reservation signaling is assumed. Reservation signaling is provided right after the resource (re)-selection trigger to all UEs. Each UE successfully receives up to 2 strongest reservation signals in each slot. No actual reservation signal transmission is modelled.
Scheme 5 (LTS+STS+RS). This scheme is based on Scheme 3 with actual modeling of short term reservation signal transmission preceding initial transmission of each TB.
· In case of semi-persistent resource allocation (periodic traffic) short term reservation signal is transmitted only during resource (re)-selection
· For aperiodic traffic, short term resource reservation signal is transmitted for each TB
· Resource reservation signal transmission is taken into account in resource exclusion procedure only and cannot be used for data decoding
· Resource for short-term reservation signal transmission is selected based on sensing with nearest in time resource selection procedure.
· Reservation signal has the same physical structure as PSCCH and transmitted on the same resources
Scheme 6 (LTS+STS + 2xPSCCH).
· This scheme is equivalent to Scheme 3 with doubled control channel capacity (i.e. one sub-channel of shared channel is associated with two control channels)
Scheme 7 (LTS+STS + RS + 2xPSCCH).
· This scheme is equivalent to Scheme 5 with doubled control channel capacity (i.e. one sub-channel of shared channel is associated with two sub-channels of control channel)
· Control channel resources are shared for transmission of control and short term reservation signal
It should be clarified that long term sensing makes sense only if some of the UEs indicate long term resource reservation, which is always the case for periodic traffic. In case of aperiodic traffic there is no resource reservations assumed.
System Level Evaluation Results
Periodic and Aperiodic Traffic w/ Variable Packet Size
In this section, we continue system-level simulation results for the periodic and aperiodic traffic models agreed in TR 37.885 [2] with the traffic parameters selected at RAN1#94Bis meeting and captured in RAN1#94Bis Chairman Notes (simulation profile for broadcast evaluation) [3].
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Figure 2: PRR Performance in Freeway and Urban scenarios with variable packet size traffic
Based on presented results, we have following observation:

 
It is important to continue sensing within resource selection window and refine initially selected candidate resources in case if collision is detected
It is important to prioritize selection of the first in time candidate resources within resource selection window
Increased number of control channel resources improves the overall system performance assuming that dedicated resources are allocated for control channel transmission
Combination of short term and long term sensing can be used together to properly handle periodic and aperiodic traffic

Impact of UE Multiple Decoding Attempts per PSCCH
In the analysis above we assumed, that each UE always attempts to decode only the strongest sidelink transmitter on a given PSCCH resource. In terms of PSSCH decoding, in each slot UE selects the “best” candidate for PSSCH decoding among completed ones using capacity or mutual information or any other metric characterizing probability of successful decoding. In general, the following scenarios are possible in terms of UE behaviour depending on UE processing capabilities:
Scenario 1 (Single PSCCH/Single PSSCH). Amount of PSCCH and PSSCH decoding attempts is equal to amount of PSCCH resources allocated per slot
Scenario 2 (Single PSCCH/Multiple PSSCH). Amount of PSCCH decoding attempts is equal to amount of PSCCH resources allocated per slot and amount of PSSCH decoding attempts exceeds the amount of PSCCH resources per slot
Scenario 3 (Multiple PSCCH/Single PSSCH). Amount of PSCCH decoding attempts exceeds amount of PSCCH resources allocated per slot and amount of PSSCH decoding attempts is equal to amount of PSCCH resources per slot
Scenario 4 (Multiple PSCCH/Multiple PSSCH). Amount of PSCCH decoding attempts exceeds amount of allocated PSCCH resources per slot and amount of PSSCH decoding attempts exceeds the amount of PSCCH resources per slot
Below, we evaluate following scenarios when only two PSCCH resources are allocated within a slot. In terms of PSSCH decoding, we assume that UE can do either two or four PSSCH decoding attempts per slot. In summary, we have following UE processing capabilities:
Case 1: Two PSCCH decoding per slot and two PSSCH decoding per slot
Case 2: Two PSCCH decoding per slot and four PSSCH decoding per slot
Case 3: Four PSCCH decoding per slot and two PSSCH decoding per slot
Case 4: Four PSCCH decoding per slot and four PSSCH decoding per slot
Figure 3 shows PRR performance for all four considered cases in Freeway and Urban scenarios. 
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[bookmark: _Ref528936456]Figure 3: PRR analysis depending on UE processing capabilities 
Based on evaluation results presented in Figure 3, we can conclude that multiple PSCCH and PSSCH decoding attempts can significantly improve performance of the NR-V2X sidelink communication and significantly improve system reliability. Based on these results, we have the following proposals:

Proposal 9: 
· NR V2X sidelink physical structure takes into account possibility of multiple decoding attempts for PSCCH and PSSCH transmission (e.g. multiple PSCCH decoding attempts per PSCCH resource)
· Proper DMRS design and aligned sidelink resources should be carefully considered by RAN1
· In case of multiple sidelink retransmissions, PSCCH/SCI conveys information about all sidelink transmissions for a given transport block

Sidelink Resource Reservation / Pre-emption
The principle of resource reservation may be equally applicable to short term sensing and long-term sensing procedures. In case of short term sensing, the UE may compete for sidelink channel for the purpose of resource reservation or for initial transmission and near or long term reservation of subsequent sidelink resources. The resource reservation signaling can be beneficial to improve reliability of sidelink transmission.
In case of priority handling, the reservation mechanism may be (re)-used for the purpose of preemption indication. The only difference is that competing UE with lower priority transmission will yield its own transmission and trigger resource reselection procedure.
The sidelink reservation may also be beneficial to improve performance of unicast communication links. In particular transmitter may announce where it can expect response from another UE or announce recommended subset of resources from reception perspective [6].

Proposal 10: 
Further study how to efficiently enable sidelink resource reservation/preemption mechanisms for eV2X sidelink communication.

On Mode-1 and Mode-2 Operation in Shared Resources
One of the open question that needs to be addressed is the coexistence of sidelink resource allocation modes Mode-1 and Mode-2 in shared resources. From system perspective, it is desirable to have seamless operation across different modes. In current study item description, there is no specific requirement on sharing resources in case of gNB-controlled and UE-autonomous resource allocation. In our view, RAN1 need to discuss this aspect at the early stages of system development and keep in mind such operation considering various design options. Therefore we have following proposal:

Proposal 11: 
Agree that Mode-1 and Mode-2 operating in shared resources is one of the considered scenarios for NR-V2X design framework

Conclusions
In this contribution, we provided initial views and analysis on resource allocation aspects for NR-V2X sidelink communication. Based on discussions, we have following proposals for further analysis during the study item:

Proposal 1: 
· SCI decoding in sensing procedure is used to extract information on
· 	sidelink resources occupied by other UEs including initial transmission, (re)-transmissions, and semi-persistently reserved sidelink resources
· Source and destination IDs
· UE may further determine sidelink resources used by UEs that belong to the same group(s)
· QoS level of sidelink transmission e.g. priority and/or reliability (PQI indicators)
Proposal 2: 
· SL-RSRP and SL-RSSI measurements are introduced for sensing and resource selection procedure
· SL-RSRP measurement is used to determine sidelink resources for exclusion
· Resources used by UEs that belong to the same group(s) can be automatically excluded
· SL-RSSI measurement is used at least to measure signal strength on non-excluded resources
Proposal 3: 
· Define sensing window as a time interval where UE is expected to monitor medium before resource (re)-selection trigger
· Sensing window duration is configurable
· FFS minimum and maximum duration of sensing window
Proposal 4: 
· Resource selection window is defined as a time interval starting from resource (re)-selection trigger and bounded by min(TPDB, TRSW), where
· TPDB – packet delay budget
· TRSW – configurable resource selection window duration
· Resource reselection triggers are FFS
Proposal 5: 
· UE forms initial candidate resource set based on sensing results collected before resource reselection trigger (resource exclusion procedure)
· UE prioritizes transmission on a subset of the earliest in time candidate resources
· UE refines initial candidate resource set based on monitoring of sidelink transmissions within resource selection window at least until the first in time transmission on candidate resource
Proposal 6: 
· UE performing sensing and resource selection procedures takes into account QoS attributes of ongoing sidelink transmissions from other UEs and its own sidelink transmission
· At least sidelink transmission priority is signalled by other UEs
Proposal 7: 
· NR V2X supports the following type of assistance information for resource selection:
· Feedback from target receivers / UEs
· Geo-location information
Proposal 8: 
· RAN1 to continue discussion on other procedures after RAN2 conclusion on whether a group manager (head UE) is visible to AS or not
· Consider to utilize assistance signalling b/w UEs rather than restricting configuration signalling 
Proposal 9: 
· NR V2X sidelink physical structure takes into account possibility of multiple decoding attempts for PSCCH and PSSCH transmission (e.g. multiple PSCCH decoding attempts per PSCCH resource)
· Proper DMRS design and aligned sidelink resources should be carefully considered by RAN1
· In case of multiple sidelink retransmissions, PSCCH/SCI conveys information about all sidelink transmissions for a given transport block
Proposal 10: 
Further study how to efficiently enable sidelink resource reservation/preemption mechanisms for eV2X sidelink communication.
Proposal 11: 
Agree that Mode-1 and Mode-2 operating in shared resources is one of the considered scenarios for NR-V2X design framework
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Annex A – eV2X System Level Evaluation Assumptions
In this section, we provide summary of evaluation assumptions 
[bookmark: _Ref534982661]Table 1: System level evaluation assumptions
	Parameter
	Value

	Deployment scenario
	· Urban Option A scenario from NR V2X methodology [2]
· Highway Option A scenario from NR V2X methodology [2]
· Vehicle speed = 140 km/h

	Channel model
	TR 37.885 [2] NR V2X Channel Model 

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Periodic variable packet size broadcast traffic (according to the NR V2X Broadcast Profile):
· Packet size: [800, 1200] Byte with probabilities [0.8, 0.2] accordingly
· Inter-packet arrival time: 50 ms
· Latency requirement: 50 ms 
· 50% Vehicle UEs transmit data

Aperiodic variable packet size broadcast traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms
· 100% Vehicle UEs transmit data 

	Resource selection window
	16 ms

	TTI structure
	NR Slot TTI: 10 Symbols for Data, 4 Symbols total overhead 

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data resource multiplexing
	Same subframe SCI and Data transmission with time-domain multiplexing 

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 8 Symbols

	Data Packet Tx parameters
	Periodic variable packet size evaluations:
· 800 Byte packet: 16-QAM, 3TTI (CRTTI = 0.66) 
· 1200 Byte packet: 16-QAM, 3TTI (CRTTI = 1)

Aperiodic variable packet size evaluations: 
· 200 Byte packet: QPSK, 2 TTI(CRTTI = 0.33, CRAll = 0.17)
· 400 Byte packet: QPSK, 2 TTI(CRTTI = 0.67, CRAll = 0.33)
· 600 Byte packet: 16-QAM, 2 TTI(CRTTI = 0.5, CRAll = 0.25)
· 800 Byte packet: 16-QAM, 2 TTI(CRTTI = 0.66, CRAll = 0.33)
· 1000 Byte packet: 16-QAM, 3 TTI(CRTTI = 0.83, CRAll = 0.27)
· 1200 Byte packet: 16-QAM, 3 TTI(CRTTI = 1, CRAll = 0.33)
· 1400 Byte packet: 16-QAM, 4 TTI(CRTTI = 1.16, CRAll = 0.29)
· 1600 Byte packet: 16-QAM, 4 TTI(CRTTI = 1.33, CRAll = 0.33)
· 1800 Byte packet: 16-QAM, 5 TTI(CRTTI = 1.5, CRAll = 0.38)
· 2000 Byte packet: 16-QAM, 5 TTI(CRTTI = 1.67, CRAll = 0.42)
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