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[bookmark: _Ref513464071]Introduction
In RAN1 #98b, the following has been agreed as the progress for Mode 2 resource allocation [1].
[bookmark: _Hlk24015823]Agreements:
· Maximum number of HARQ (re-)transmissions is (pre-)configured per priority per CBR range per transmission resource pool	
· The priority is the one signaled in SCI
· This includes both blind and feedback-based HARQ (re)-transmission
· The value range is any value from 1 to 32
· If the HARQ (re)transmissions for a TB can have a mixed blind and feedback-based approached (FFS whether or not to support this case), the counter applies to the combined total

Agreements:
· Resource (re-)selection procedure supports re-evaluation of Step 1 and Step 2 before transmission of SCI with reservation
· The re-evaluation of the (re-)selection procedure for a resource reservation signalled in a moment ‘m’ is not required to be triggered at moment > ‘m – T3’ (i.e. resource reselection processing time needs to be ensured)
· FFS condition to change resource(s) from previous iteration to resource(s) from current iteration
· FFS relationship of T1 and T3, if any
· FFS whether to handle it differently for blind and feedback-based retransmission resources

Agreements:
· In Step 1, initial L1 SL-RSRP threshold for each combination of pi and pj is (pre-)configured, where pi - priority indication associated with the resource indicated in SCI and pj - priority of the transmission in the UE selecting resources

Agreements:
· In Step 1, when the ratio of identified candidate resources to the total number of resources in a resource selection window, is less than X%, all configured thresholds are increased by Y dB and the resource identification procedure is repeated
· FFS value(s)/configurability of X 
· At least one value of X=20
· Y=3
· FFS other conditions to stop RSRP threshold increment, if any

Agreements:
· Support a resource pre-emption mechanism for Mode-2
· A UE triggers reselection of already signaled resource(s) as a resource reservation in case of overlap with resource(s) of a higher priority reservation from a different UE and, SL-RSRP measurement associated with the resource reserved by that different UE is larger than an associated SL-RSRP threshold
· Only the overlapped resource(s) is/are reselected
· FFS
· the timeline for reselection
· other details
· FFS whether or not to support other potential UE behaviour (e.g, power boosting/reduction)
· This mechanism can be enabled or disabled, per resource pool
· FFS details

The following agreements have made during the email discussion after the meeting RAN1 meeting #98b
Agreements:
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives

Agreements:
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is disabled, NMAX is 3 
· SCI signaling is designed to allow to indicate 1 or 2 or 3 resources at least of the same number of sub-channels with full flexibility in time and frequency position in a window W of a resource pool 
· FFS: if full flexibility is limited in some cases
· Value 2 or 3 is (pre-)configured per resource pool
· FFS size of window W

Agreements:
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, select in RAN1#99 from the following: 
· Option. 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective. 
· Option. 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective. 
· Option. 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception) to distinguish reservation for another TB), and at least one of NMAX resources can be signaled beyond window W

Agreements:
· For a given time instance n when resource (re-)selection and re-evaluation procedure is triggered 
· The resource selection window starts at time instance (n + T1), T1 ≥ 0 and ends at time instance (n + T2) 
· The start of selection window T1 is up to UE implementation subject to T1 ≤ Tproc,1
· T2 is up to UE implementation with the following details as a working assumption:
· T2 ≥ T2min
· If T2min > Remaining PDB, then T2min is modified to be equal to Remaining PDB
· FFS other details of T2min including whether the minimum window duration T2min - T1 is a function of priority
·  UE selection of T2 shall fulfil the latency requirement, i.e. T2 ≤ Remaining PDB
· A sensing window is defined by time interval [n – T0, n – Tproc,0) 
· T0 is (pre-)configured, T0 > Tproc,0 FFS further details
· FFS, if Tproc,0 and Tproc,1 are defined separately or as a sum 
· FFS relation of T3, Tproc,0, Tproc,1 
· Time instances n, T0, T1, T2, T2min are measured in slots, FFS Tproc,0 and Tproc,1

Agreements:
· A UE is expected to select resources for all intended (re-)transmissions within the PDB, i.e. the number of intended (re-)transmissions is an input to the resource (re-)selection procedure

In this contribution, we propose detailed NR sidelink resource allocation schemes for mode 2.
Discussion
Blind and HARQ-based retransmission
It has been agreed to support blind retransmission and HARQ-based retransmission. Each of retransmission scheme seems to be beneficial in different scenario although both can be used for higher reliability transmission. For example, a blind retransmission is more appropriate for a packet with stringent PDB since it allows multiple retransmissions without HARQ feedback delay. On the other hand, HARQ-based retransmission is adequate for a packet with more relaxed PDB since it can support more retransmissions and/or it can reduce resource waste as it will reuse reserved resource for another TB transmission after reception of positive HARQ feedback.
A mixture of these two retransmission schemes has been proposed. However, there seems to no clear benefit to support the mixture of two retransmission schemes while it increases standards efforts and UE implementation complexity.   
Proposal 1: A mixture of blind and HARQ-based retransmission is not supported for Mode 2.

Sensing
In LTE V2X, sidelink RSSI is measured in the sensing procedure. The sidelink RSSI averaged over a sensing window is used to rank the candidate resources for reporting to higher layers. The sidelink RSSI measurement is independent of SCI decoding. In our view, the sidelink RSSI can be measured and used for candidate resource ranking and reporting purpose for NR V2X. 
Proposal 2: The sidelink RSSI is measured and used in the resource selection procedure for mode 2. 
During the email discussion after the last meeting, it was agreed that the sensing window size is (pre-)configured. In our view, the configuration of sensing window size can depend on data QoS. For example, for sidelink data with high reliability requirements, the sensing window size is larger such that the selected resource has a lower collision possibility. 
Proposal 3: The sensing window size is (pre-)configured based on data QoS.
Resource allocation for periodic and aperiodic traffic
NR V2X supports HARQ-based retransmission and blind retransmission. The timing of a HARQ-based retransmission resource should be after the HARQ feedback. Therefore, to help the UE in selecting resources for initial transmission and HARQ-based retransmission of the same TB, the resource selection windows for each transmission should be specified. Specifically, a HARQ based retransmission resource should be selected to allow the Tx UE having time to receive HARQ feedback from the Rx UE and prepare the retransmission TB. 
Proposal 4: Resource selection window for HARQ-based retransmission resource of the same TB considers HARQ feedback timing and PSFCH processing time.
 
Resource reservation for initial transmission
During the email discussion after RAN1 #98b meeting, the following agreements were made
	Agreements:
· Support at least an initial transmission and reservation of the resource(s) for retransmission(s) to have the same number of sub-channels
· To down-select in the early week of RAN1#99 one of the following: 
· Alt. 1-1: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for retransmission(s) of a TB with a larger number of sub-channels, where PSSCH REs are occupied by 2nd stage SCI and by SCH 
· 1 bit indication is carried in 1st stage SCI to distinguish the single sub-channel
· TBS is determined based on number of sub-channels indicated for reserved resource(s)
· RV is determined based on explicit field in 2nd stage SCI (as agreed)
· Alt. 1-2: Support a single sub-channel PSCCH+PSSCH reserving resource(s) for the initial transmission and possibly retransmission(s) of a TB with a larger number of sub-channels, where all available PSSCH REs in the single sub-channel PSCCH+PSSCH are occupied only by 2nd stage SCI 
· 1st stage SCI indicates that PSSCH REs are occupied by 2nd stage SCI
· Alt. 2: Do not support the different number of sub-channels between initial transmission and reservation of resource(s) for retransmission(s) 
· Alt 1 is not supported in this case
· Companies are encouraged to provide more analysis and evaluations for the above 3 alternatives



The stand-alone PSCCH has been proposed to reduce collision by using reservation for initial transmission. However, due to PSCCH/PSSCH multiplexing option 3, AGC becomes an issue when PSCCH is only transmitted and no power is allocated in PSSCH. Therefore, as a compromise, Alt 1-2 was proposed since SCI-2 occupies all PSSCH resources so that AGC issue can be avoided and control information for reservation is allowed. As a compromise, Alt 1-1 also has been proposed which includes a portion of data when a reservation signal is transmitted, where the portion of data will be highly likely a subset of information bits and the decoding performance should rely on the subsequent retransmissions.
Considering that the stand-alone PSCCH provides gain for large packet sizes, sending a small portion of information bit with reservation message may not provide meaningful gain as compared with Alt 1-2, while requiring additional specification impacts including TB size determination, RV determination for the first portion of data, sensing mechanism for sending initial transmission and retransmission resources, how it applies for Nmax, etc.
Therefore, the Alt 1-2 should be supported if a reservation of resource for large packet deemed essential feature for Rel-16.
Proposal 5: Support Alt. 1-2 for resource reservation initial transmission.

Resource reservation for retransmissions
During the email discussion after RAN1 #98b meeting, the following agreements were made
	Agreements:
· When reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB is enabled, select in RAN1#99 from the following: 
· Option. 1-a. A period > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at subsequent periods 
· FFS number of subsequent reservation periods
· FFS NMAX is always same regardless if a period > W is additionally signaled or not for SCI size perspective.
· Option. 1-b. A time gap > W is additionally signaled in SCI and the same reservation is applied with respect to resources indicated within NMAX within window W at resources indicated by the time gap 
· FFS NMAX is always same regardless if a time gap > W is additionally signaled or not for SCI size perspective.
· Option. 2. There is no additional field (NDI and HARQ ID are used at the moment of SCI reception to distinguish reservation for another TB, and at least one of NMAX resources can be signaled beyond window W



Option 1-a can be used to reserve the resource for periodic traffic. Specifically, option 1-a allows the same frequency resource indicated in the SCI of one TB to be reserved for the transmission of another TB in the next transmission period. 
NR V2X is expected to support burst traffic, in which multiple packets may arrive at the PHY simultaneously. Option 1-b allows the transmission of one TB to reserve the resource for transmission of another TB. This feature helps to mitigate collision of the aperiodic traffic since the transmission of the following TB is reserved.
Therefore, both Option 1-a and 1-b should be supported for better resource selection with various types of traffics used in NR V2X. 
Proposal 6: NR V2X supports both Option 1-a and 1-b.
Supporting both Option 1-a and 1-b at the same time may lead to high signaling overhead in the SCI. Option 1-a can be used for periodic traffic only. Option 1-b has more benefits in supporting aperiodic traffic. When each packet arrives, a UE may determine either Option 1-a or 1-b dynamically. Therefore, a single bit in SCI-1 may indicate which option to use for resource reservation.  
Proposal 7: One bit in the SCI is used to indicate the reservation for Option 1-a or Option 1-b.
It was agreed [2] that resource reservation for HARQ feedback-based PSSCH retransmission is supported. However, in most cases (e.g., 90% HARQ ACK is received) the reserved resource is not used by the Tx UE which may result in resource wastage. Therefore, it is necessary to restrict the usage of resource reservation for HARQ feedback-based PSSCH in a certain scenario and to allow HARQ feedback-based PSSCH retransmission without resource reservation in other scenarios.
Proposal 8: HARQ feedback-based PSSCH retransmissions is also supported without resource reservation from the prior transmission of the same TB.
If HARQ feedback-based PSSCH transmission without reservation from the prior transmission of the same TB is supported, the resources for retransmission are selected only after HARQ NACK is received. Since there is no reserved resource for retransmission which is beneficial when a UE received HARQ ACK, the resources for retransmission can be selected as similar to that of initial transmission. 
Proposal 9: When HARQ feedback-based PSSCH retransmission without resource reservation is used, the resource selection for retransmission after receiving HARQ NACK is the same as that for the initial transmission.
When the Tx UE reserves HARQ feedback-based PSSCH retransmission, the reserved HARQ re-transmission resource can be used by Tx, Rx, or other UEs when HARQ ACK is received. If the reserved resource is used by the Tx or Rx UE only, the resource can be wasted, since in most cases, e.g., 90%, HARQ ACK is received and the Tx or Rx UEs may have empty buffer so that there is no data to send in the released resource. Therefore, to increase resource utilization of the released resource efficiently, other UEs in the coverage of the Rx UE should be allowed to reuse the released resource if it detects HARQ ACK from the Rx UE.
In the following, system level simulations were conducted to evaluate the system performance based on the usage of the released resource by other UEs. Sidelink unicast is assumed in the simulation and details of simulation parameters are described in Table 1 in Appendix. The following three HARQ transmission schemes were evaluated:
· No HARQ scheme: Initial transmission followed by blind retransmission. Initial transmission resource based on long term sensing.
· HARQ without reuse: Initial transmission followed by HARQ (NACK) based re-transmission. Both initial transmission resource and HARQ retransmission resource are selected based on long term sensing. Retransmission on HARQ retransmission resource occurs if NACK is received by transmitter. In case of ACK, there is no retransmission, and the reserved HARQ resource goes unused.
· HARQ with reuse: Initial transmission followed by HARQ (NACK) based re-transmission: Both initial transmission resource and HARQ retransmission resource are selected based on long term sensing. Retransmission on HARQ retransmission resource if NACK is received by the transmitter. In case of ACK, there is no retransmission, and the reserved HARQ resource is freed up and available for use by other UEs who received the resource reservation message and HARQ ACK 
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Figure 1: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
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Figure 2: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
[image: ]
Figure 3: Performance of HARQ transmission schemes where the periodic of the traffic is 30ms.
Figures 1, 2, and 3 show the performance of three HARQ transmission schemes in the Urban scenario, when the periodic of the traffic are 30, 20, and 10ms, respectively. It can be observed from the figures that, the HARQ with reuse scheme performs the best and the performance gap between the HARQ reuse scheme and other schemes increases as the distance index increases. Moreover, HARQ with reuse can achieve up to 5% PRR gain compare to the HARQ without reuse scheme and 20% compare to the no HARQ scheme. It is because allowing the other UEs to reuse the reserved HARQ resource can increase the spectrum efficiency of the system and reduce the collision.
Observation 1: Significant PRR gain is obtained when reserved HARQ resource is reused by other UEs.
Proposal 10: The reserved HARQ retransmission resource can be reused by other UEs based on HARQ-ACK detection.

Resource (re-)selection procedure
In the last meeting, RAN1 agreed that when the candidate resource is smaller than X% of the total resource, the RSRP thresholds are increased by 3dB and the remaining issue is whether to support the stop of RSRP threshold increment. From our perspective, it is necessary to restrict the RSRP threshold increment. It is because when the RSRP threshold is high enough, it illustrates that the excluded resources are occupied by the high priority transmissions or the nearby UEs. Not restricting the RSRP threshold increment may result in the high possibility of selecting the resources reserved by nearby UEs or the high priority transmission as a consequence it may result in a high collision probability. 
To alleviate the issue, a maximum number of RSRP threshold increment should be configured and if the maximum RSRP threshold increment is reached, the UE can select the transmission resource from the candidate ones even the set of candidate resources is smaller than X% of the total resource.
Proposal 11: Support the maximum number of RSRP threshold increment.
Proposal 12: The UE selects the transmission resource from the candidate resources when RSRP threshold increment is greater than a configured value.

Zone-based resource pool configuration
In LTE V2X, a UE computes a Zone ID using its geographical coordinates and zone configuration received in SIB (pre-configured for an out-of-coverage UE) and selects resource pool corresponding to the Zone ID. The LTE concept of Zone and Zone ID thus enables resource reuse and mitigates the impact of in-band emission and near-far problem, especially in congested areas. As NR V2X supports higher connection density, the traffic congestion will become worse and cause more severe in-band emission and near-far problem.
The Zone-ID based resource pool selection has been introduced in LTE as the benefit was observed during the study. In NR V2X, due to the fact that a larger packet size with aperiodic traffic is also supported, the zone-based resource pool selection makes even worse from the system performance perspective. In other word, as long as the zone-based resource pool selection is limited to an LTE type traffic, the zone-based resource pool selection deemed beneficial.
RAN2 has asked if zone-based resource pool selection should be supported or not for NR V2X. From RAN1 perspective, we can simply answer the fact that as long as the zone-based resource pool is limited LTE V2X type of traffic, it is beneficial. And, it is up to RAN2 if zone-based resource pool selection is used for a limited traffic type or not support at all.
Proposal 13: RAN1 sends a reply LS to RAN2 that zone-based resource pool selection is beneficial only for the LTE V2X traffic type.
Conclusion
In this contribution, we discussed on Mode 2 resource allocation for NR V2X. Based on the discussions and observations, we propose the following:
Proposal 1: A mixture of blind and HARQ-based retransmission is not supported for Mode 2.
Proposal 2: The sidelink RSSI is measured and used in the resource selection procedure for mode 2. 
Proposal 4: Resource selection window for HARQ-based retransmission resource of the same TB considers HARQ feedback timing and PSFCH processing time.
Proposal 5: Support Alt. 1-2 for resource reservation initial transmission.
Proposal 6: NR V2X supports both Option 1-a and 1-b.
Proposal 7: One bit in the SCI is used to indicate the reservation for Option 1-a or Option 1-b.
Proposal 8: HARQ feedback-based PSSCH retransmissions is also supported without resource reservation from the prior transmission of the same TB.
Proposal 9: When HARQ feedback-based PSSCH retransmission without resource reservation is used, the resource selection for retransmission after receiving HARQ NACK is the same as that for the initial transmission.
Proposal 10: The reserved HARQ retransmission resource can be reused by other UEs based on HARQ-ACK detection.
Proposal 11: Support maximum number of RSRP threshold increment.
Proposal 12: The UE selects the transmission resource from the candidate resources when RSRP increament is greater than a threshold.
Proposal 13: RAN1 sends a reply LS to RAN2 that zone-based resource pool selection is beneficial only for the LTE V2X traffic type.
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Appendix

Table 1: Simulation assumption for HARQ feedback for unicast
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	20 MHz

	Sub-channel size
	32 RBs

	Sub-carrier spacing
	15 kHz

	TX/Rx Antennas
	2 Tx/2 Rx

	Scenario
	Urban

	Traffic model
	Periodic: Medium intensity (Model 2), 10/20/30 ms inter-packet arrival, 50% vehicles generate packets.

	SCI/Data resource multiplexing
	Same slot SCI and Data transmission with Option 3 multiplexing scheme

	SCI/Data frequency resource allocation
	PSCCH: 5 PRB
PSSCH: 32 PRB

	SCI/Data time resource allocation
	PSCCH: 2 Symbols
PSSCH: 10 Symbols (no PSFCH in slot)
             : 9 symbols (PSFCH in same slot)

	Overhead (for both PSSCH and PSCCH)
	4/14 (GP, DMRS, AGC)

	Sensing and resource selection 
	Mode 2 based on long term sensing procedure (as specified for LTE mode 4)

	Sensing distance (dsensing) 
	700 m

	Unicast session distance
	500 m for Highway
150m for Urban Grid

	Data packet Tx parameters
	Periodic:
800 bytes 16-QAM (CR 0.42/0.48)
1200 bytes: 16 QAM (CR 0.64) / 64-QAM (CR 0.5) 

	Fixed or maximum number of retransmissions (without/with HARQ feedback, respectively)
	1
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