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Introduction
In RAN1 #98 meeting, the following agreements were achieved [1]:
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

R1-1909785
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, the issues of Mode 2 resource allocation mechanism in NR-V2X are discussed. 
Discussion on the Mode 2 resource allocation mechanism
Sensing scheme
In RAN 1 #98 meeting, the following agreements were achieved [1]: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

Long-term sensing
1) [bookmark: OLE_LINK311][bookmark: OLE_LINK312][bookmark: OLE_LINK15][bookmark: OLE_LINK19]The duration of the long-term sensing window: 
The duration of the long-term sensing window in NR-V2X should consider the periodic and aperiodic V2X services. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the periodic services or the mixed services (periodic and aperiodic services co-exist), the principles of the long-term sensing in LTE-V2X can be reused for the periodic services. The longest period of the periodic services should be utilized as the longest reservation interval to be contained in the long-term sensing window.
For the 100% aperiodic services scenario, the reservation interval of the next transmission is not contained in SCI. The skipped slots in the long-term sensing window cannot be utilized to predict the occupation of the aperiodic services in the selection-window. If the TB is transmitted multiple times with multiple-retransmission used as the input for the reservation schemes (such as look-ahead scheme), the part of the retransmissions may appear in the long-term sensing window. With the reservation information in SCI for the retransmission in the long-term sensing window, the occupation of retransmission(s) of the same TB can be indicated in the selection-window. Thus, for the 100% aperiodic services scenario, the duration of the long-term sensing window can be configured with the HARQ delay budget.
Based on the above analysis, the duration of the long-term sensing window in NR-V2X should be configurable according to the supported V2X service types in the current scenario.
Proposal 1: The duration of the long-term sensing window in NR-V2X should be configurable according to the supported V2X service types in the current scenario.
2) [bookmark: OLE_LINK315][bookmark: OLE_LINK316][bookmark: OLE_LINK280][bookmark: OLE_LINK281]Sensing results in the long-term sensing window: 
In the long-term sensing window, similar to that in the LTE-V2X, the S-RSRP of DATA with the successful decoding SA should be reused as the sensing results in NR-V2X. The TX-RX S-RSRP thresholds with priorities can also be reused as the criterion of the resource occupation. The above S-RSRP scheme can be applied to the periodic and aperiodic services.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK110][bookmark: OLE_LINK117]Proposal 2: In the long-term sensing of NR-V2X, the S-RSRP with the successful decoding SA can be used as the measurement of the resource occupation with TX-RX S-RSRP thresholds with priorities. 
[bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK35]S-RSRP can be considered as the direct measurement of the resource occupation.  RSSI can only provide the statistical coarse measurement of the resource occupation. In addition to the energy of the effective receiving signal, RSSI contains the energy of the system noise and the interference signal. Comparing with the S-RSRP, RSSI is relatively inaccurate to evaluate the resource occupation.
For the 100% aperiodic services scenario, the long-term sensing window duration can be configured as the HARQ delay budget (16ms). The RSSI in the long-term sensing cannot predict the receiving strength in the selection window. The RSSI should not be considered in the 100% aperiodic services scenario.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 3: In the long-term sensing of NR-V2X, RSSI measurement should consider the service types in the scenario:
· 100% aperiodic services scenario: RSSI measurement is not considered in NR-V2X;

Short-term sensing


Fig.  1 The operation in the Resource Selection Window of LTE-V2X
In LTE-V2X, as shown in Fig.1, when UE has selected the time-frequency resources of the initial transmission and retransmissions in the Resource Selection Window for the TB at timing n, there is no resource re-selection operation in the Resource Selection Window before the initial transmission. In LTE-V2X, most of the services are periodic, frequent resource re-selection may deteriorate the system performance. While NR-V2X supports the periodic and aperiodic services, the collision of the initial transmission and/or the retransmission is challenged to avoid. The sensing and resource selection scheme in NR-V2X should be enhanced to avoid and detect the collision for the mixture of periodic and aperiodic services.
[bookmark: OLE_LINK111][bookmark: OLE_LINK90][bookmark: OLE_LINK91]The resource re-selection may be triggered with the triggering conditions in section 2.3.4:
1) In the Short-term sensing procedure, resource collision is detected before the initial transmission. Then the resource re-selection may be triggered to avoid the resource collision.
2) With the preemption scheme, the resources with lower priority are preempted by the higher priority services of other UE. Then the lower priority services can be configured whether to re-select the available resources.
3) In the current BWP, based on the congestion control measurements, the congestion control scheme may indicate the lower priority services to other BWP or other suitable resources. Then the lower priority services can be configured whether to re-select the available resources.
[bookmark: OLE_LINK96][bookmark: OLE_LINK71]The resource re-selection of the TB because of the resource collision of the initial transmission and retransmissions in the Resource Selection Window can be classified into the following conditions: 
1) If the resources of the sensing results of the SCI/DATA in short-term sensing collide with the initial transmission and/or retransmissions in the Resource Selection Window of the TB;
2) If the resources of next reservation the sensing results of the SCI/DATA in short-term sensing collide with the initial transmission and/or retransmissions in the Resource Selection Window of the TB;
3) [bookmark: OLE_LINK72][bookmark: OLE_LINK373][bookmark: OLE_LINK374]If the TB at the n timing is periodic, the resources of the sensing results of the SCI/DATA in short-term sensing mapping to the range within 10*COUNTER collide with the resources initial transmission and/or retransmissions in the Resource Selection Window of the TB mapping to the range within 10*COUNTER;
In Figure 4, the triggering of the resource re-selection based on the sensing results in STSW under different conditions are shown as examples. 


[bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115]Fig.  2  The examples of the triggering of resource re-selection based on the sensing results in STSW
Proposal 4: Based on the sensing results in short-term sensing window, in the above conditions, the resource re-selection of the initial transmission and retransmissions in the Resource Selection Window for the TB should be triggered.

Resource exclusion
In RAN 1 #98 meeting, the following agreements were achieved [1]: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 LTE-V2X, considering the periodic services, the resource exclusion is based on the sensing results in the long-term sensing window:
1) Successfully decoding SCI contains the resource reservation interval and the S-RSRP of associated data is higher threshold than the TX-RX threshold related to priorities.
2) Skipped subframe with all the possible service period to avoid resource collision.
3) The SCI of initial transmission indicate the retransmission in the resource selection window.
For the 100% aperiodic services scenario, the above 1) and 2) conditions are not suitable for the resource exclusion in the resource selection window. For the 100% period and mixed services scenarios, the above three conditions are still suitable for the resource exclusion in the resource selection window.
Proposal 5: For the 100% aperiodic services scenario, the resource reservation interval in SCI and skipped subframe scheme is not suitable for the resource exclusion in the resource selection window. For the 100% period and mixed services scenarios, the resource exclusion scheme in LTE-V2X can be reused in NR-V2X.

Resource selection
Retransmission reservation scheme
In RAN 1 #98 meeting, the following agreements were achieved [1]: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

In this section, the system-level evaluation results of the following four retransmission reservation signalling schemes are provided [3]:
Chain-based: Each SCI indicates the time-frequency (TF) resources reserved of the next or the limited number of upcoming (re)-transmissions. 
Look-ahead: Each SCI indicates the time-frequency resources reserved for all the scheduled (re)-transmissions.
Partial-reservation of intra-group: The (re)-transmissions is divided into different groups, each SCI indicates the time-frequency resources reserved for all the scheduled (re)-transmissions in the current group.
Partial-reservation of inter-group: Besides the reservation of Partial-reservation of intra-group, the SCI of the last transmission in the group will indicate the next or limited number of the transmission of the next group.
The examples of the above four schemes are illustrated in the Fig. 2:
	


	(a) Chain-based reservation

	


	(b) Look-Ahead reservation

	


	(c) Partial-reservation of intra-group

	


	(d) Partial-reservation of inter-group


Fig.  3 The four resource reservation of retransmissions schemes
The following comparative analysis of the above four schemes is provided with the system-level simulation results in the highway scenarios and 100% aperiodic services using blind retransmission with/without HARQ feedback. The long-term sensing scheme in 2.2.1 section is applied and the sensing based resource selection without RSSI smoothed scheme is utilized. The calculation of PRR is according to TR 37.885 [4]. The detailed system-level simulation assumptions are summarized in Annex A.
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Fig.  4 The PRR of 140kmh/70kmh highway scenario with broadcast/groupcast/unicast services
In Fig. 3, the overhead of the different resource reservation is evaluated with the ideal conditions.  The available candidate resources of the data transmissions are same for  four different resource reservation schemes in highway scenarios with speed at 140 km/h and 70 km/h. The overhead of four resource reservation schemes can be sorted in ascending order as: chain, partial-reservation of intra-group, partial-reservation of inter-group, look-ahead. 
Table 1 The comparison of the average groupcast transmission times of one TB with four resource reservation schemes in highway 140 km/h and 70 km/h scenarios
	Resource reservation schemes 
	140 km/h
	70 km/h

	Chain
	2.9183
	3.7309

	Look-ahead
	2.9088
	3.7436

	Patial inter-group
	2.9225
	3.7347

	Patial intra-group
	2.8915
	3.7145



	140kmh, medium traffic density of aperiodic
	70kmh, medium traffic density of aperiodic
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	(a-1) Unicast, TX-RX UE in 300m
	(a-2) Unicast, TX-RX UE in 300m


Fig.  5 The comparison of the average unicast transmission times of one TB with four resource reservation schemes in highway 140 km/h and 70 km/h scenarios
[bookmark: OLE_LINK87][bookmark: OLE_LINK88]It can be observed that the difference of the PRR performance and the average transmission times among the four retransmission reservation is not obvious with the 100% aperiodic services in highway scenarios with speed at 140 km/h and 70 km/h. It is suggested that the resource reservation overhead can be decreased for the aperiodic services in highway scenarios. The impact of the different retransmission reservation schemes in other scenarios should be studied further.
Observation 1: The difference of the PRR performance among the four retransmission reservation is not obvious with the aperiodic services in highway scenarios.
Proposal 6: The overhead of the indications of the time-frequency resources in SCI can be decreased for the 100% aperiodic services. The impact of the different retransmission reservation schemes in other scenarios should be studied further.

Maximum number of retransmission(s)
In RAN 1 #98 meeting, the following conclusion was achieved [1]: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

[bookmark: OLE_LINK105][bookmark: OLE_LINK106]The balance of the maximum number of HARQ (re-)transmissions of a TB (TX_Num) and the HARQ feedback-based retransmissions with the system level performance should be considered.
The detailed system-level simulation assumptions are summarized in Annex A. The PRR of the medium traffic density of aperiodic services with maximum number of HARQ (re-)transmissions of a TB (TX_Num) as 2, 3, or 4 in highway 140 km/h and 70 km/h scenarios are presented in Fig. 6. The simulation results are presented in the following figure:
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	(c-1) Unicast, TX-RX UE in 300m
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Fig.  6 The PRR of the medium traffic density of aperiodic services with TX number in one TB of [2, 3, and 4] in highway 140 km/h and 70 km/h scenarios
In Fig. 6, the comparisons of the PRR with different number of retransmission for one TB of [2, 3, and 4] are summarized in the following table:
Table 2 The comparisons of the PRR with different  number of retransmission for one TB of [2, 3, and 4] in highway 140 km/h and 70 km/h scenarios
	
	140 km/h
	70 km/h

	Broadcast
	<150m: TX_Num (4) > TX_Num (3)> NMAX(2)
>=150m: TX_Num (3) > TX_Num (2)> TX_Num (2)
	<150m: TX_Num (4) > TX_Num (3)> TX_Num (2)
>=150m: TX_Num (2) > TX_Num (3)> TX_Num (4)

	Groupcast
	TX_Num (4) > TX_Num (3)> TX_Num (2)
	<150m: TX_Num (4) > TX_Num (3)> TX_Num (2)
>=150m: TX_Num (2) > TX_Num (3)> TX_Num (4)

	Unicast
	TX_Num (4) > TX_Num (3)> TX_Num (2)
	TX_Num (4) > TX_Num (3)> TX_Num (2)


Table 3 The comparison of the average number of groupcast transmission for  one TB with NMAX of [2 or 3 or 4]  in highway 140 km/h and 70 km/h scenarios
	NMAX
	140 km/h
	70 km/h

	2
	1.7195
	1.9055

	3
	2.3526
	2.8309

	4
	2.9088
	3.7376



	140kmh, medium traffic density of aperiodic
	70kmh, medium traffic density of aperiodic
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	(a-1) Unicast, TX-RX UE in 300m
	(a-2) Unicast, TX-RX UE in 300m


Fig.  7 The comparison of the average number of unicast transmission for  one TB with four resource reservation schemes in highway 140 km/h and 70 km/h scenarios
In Fig. 4, Fig. 5, and Table 2, it can be observed that the PRR performance cannot improve with the increasing number of HARQ (re-)transmissions of a TB (TX_Num). 
With typical HARQ residual error rate at about 0.1-1% combining with the RLC ARQ scheme, the high reliability (10-5) NR-V2X use cases can be supported.  The unnecessary re-transmission would reduce the resource utilization and introduce the interference to the system. The system level performance, such as PRR, would be degraded with large number of HARQ (re-)transmissions of a TB (TX_Num).  In highway scenarios with speed 140 km/h and 70 km/h, the maximum number of HARQ transmission should be set at 4. 
Proposal 7: For the aperiodic services in highway scenarios with UE speed at 140 km/h and 70km/h, the maximum number of HARQ transmission should be set at 4. 

Slot bundling
In RAN 1 #98 meeting, the following agreements were achieved [1]: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

The slot aggregation is a transmission where the same TB is repeated across the different slots. The slot aggregation is primarily a tool to handle coverage challenged deployments.
Because the maximum packet size is 6500 Bytes (52000 bits) in TR 22.886 [6], the dedicated NR-V2X spectrum is not clearly specified until now. If the 6500 Bytes packet cannot be transmitted in a single slot within the allocated bandwidth, the slot bundling scheme should be supported but not the slot aggregation scheme. The SCI should indicate the number of slots for slot bundling.   
Proposal 8: If the 6500 Bytes packet cannot be transmitted in a single slot within the allocated bandwidth, the slot bundling scheme should be supported but not the slot aggregation scheme.  The SCI should indicate the number of slots for slot bundling.   

[bookmark: _Ref20937255]Resource re-selection
The resource re-selection may be triggered with the following triggering conditions:
· The resource collision is detected with long-term sensing or the short-term sensing.
· The using MCS is not suitable for the TB with the time-varying channel.
· The BWP or resource pool is re-configured.
The resource re-selection scheme should be studied further with the above triggering conditions [4]. 
[bookmark: OLE_LINK349][bookmark: OLE_LINK350]Proposal 9: The resource re-selection scheme should be studied further with the above triggering conditions. 
Because the frequent resource re-selection may deteriorate the system performance, the counter of the resource re-selection should be considered. The scheme of the counter-based resource reselection should be evaluated.
Proposal 10: The counter-based resource reselection should be further studied and evaluated.

Pre-emption
[bookmark: OLE_LINK388][bookmark: OLE_LINK389][bookmark: OLE_LINK37]The implicit scheme of pre-emption can rely on the 64 S-RSRP thresholds based on the TX/RX priorities (PPPP). The 64 S-RSRP thresholds are dependent on both the priority information of the transmitting UE and the receiving UE. When the priority is higher, the S-RSRP threshold is set to be higher. Thus,   more  resources (access opportunities) may be provided for services with higher priority  [5]. 
[bookmark: _GoBack]If the resource reselection scheme of NR V2X incorporates the QoS parameters (e.g. priority, latency, etc.), the pre-emption scheme should be provided. The detailed scheme should be FFS and evaluated.
Proposal 11: The pre-emption scheme can be provided with the resource reselection scheme based on the NR V2X QoS parameter. The detailed scheme should be FFS and evaluated.
[bookmark: OLE_LINK390][bookmark: OLE_LINK391][bookmark: OLE_LINK38]
The assistance information for UE resource selection
[bookmark: OLE_LINK226][bookmark: OLE_LINK227][bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK224][bookmark: OLE_LINK225]The hidden node problem exists in LTE-V2X as explained in [3]. With the assistance information from the RX UE can solve the hidden node problem and improve the reliability performance. The assistance information may include the sensing results or the recommended available resources from the RX UE. The tradeoff between the overhead of the assistance information of the sensing results and the reliability performance need to be FFS.
Proposal 12: To solve the hidden node problem of the sensing-based resource selection scheme, the tradeoff between the overhead of the assistance information and the reliability performance need to be FFS.

Conclusion
In this contribution, the issues of Mode 2 resource allocation mechanism in NR-V2X are discussed. Particularly, we have the following observations and proposals:
Proposal 1: The duration of the long-term sensing window in NR-V2X should be configurable according to the supported V2X service types in the current scenario.
Proposal 2: In the long-term sensing of NR-V2X, the S-RSRP with the successful decoding SA can be used as the measurement of the resource occupation with TX-RX S-RSRP thresholds with priorities. 
Proposal 3: In the long-term sensing of NR-V2X, RSSI measurement should consider the service types in the scenario:
· 100% aperiodic services scenario: RSSI measurement is not considered in NR-V2X;

Proposal 4: Based on the sensing results in short-term sensing window, in the above conditions, the resource re-selection of the initial transmission and retransmissions in the Resource Selection Window for the TB should be triggered.
Proposal 5: For the 100% aperiodic services scenario, the resource reservation interval in SCI and skipped subframe scheme is not suitable for the resource exclusion in the resource selection window. For the 100% period and mixed services scenarios, the resource exclusion scheme in LTE-V2X can be reused in NR-V2X.
Observation 1: The difference of the PRR performance among the four retransmission reservation is not obvious with the aperiodic services in highway scenarios.
Proposal 6: The overhead of the indications of the time-frequency resources in SCI can be decreased for the 100% aperiodic services. The impact of the different retransmission reservation schemes in other scenarios should be studied further.
Proposal 7: For the aperiodic services in highway scenarios with UE speed at 140 km/h and 70km/h, the maximum number of HARQ transmission should be set at 4. 
Proposal 8: If the 6500 Bytes packet cannot be transmitted in a single slot within the allocated bandwidth, the slot bundling scheme should be supported but not the slot aggregation scheme.  The SCI should indicate the number of slots for slot bundling.   
Proposal 9: The resource re-selection scheme should be studied further with the above triggering conditions. 
Proposal 10: The counter-based resource reselection should be further studied and evaluated.
Proposal 11: The pre-emption scheme can be provided with the resource reselection scheme based on the NR V2X QoS parameter. The detailed scheme should be FFS and evaluated.
Proposal 12: To solve the hidden node problem of the sensing-based resource selection scheme, the tradeoff between the overhead of the assistance information and the reliability performance need to be FFS.
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Annex eV2X System Level Evaluation Assumptions
	Parameter
	Value

	Deployment scenario
	Highway:  Option A scenario [4]
· Vehicle speed = 140 km/h, 70km/h

	Channel model
	Sidelink: Highway-LOS [4]

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

	Subcarrier spacing
	30 kHz

	Traffic model
	Aperiodic: Model 1 (medium traffic intensity) [4]
· Packet size: uniform in the range [400, 2000] Byte with quantization step of 400 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms

	Physical channel structure
	Option 3

	SCI/Data frequency resource allocation
	· PSCCH: 10 PRB, 3 OS
· PSSCH: [10, 20, 30, 40, 50] PRB for packet size of [400, 800, 1200, 1600, 2000] Bytes

	Data Packet Tx parameters
	Aperiodic variable packet size evaluations: 
· 400 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 800 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 1200 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 1600 Byte packet: 16-QAM, 1 TTI (CR = 0.667)
· 2000 Byte packet: 16-QAM, 1 TTI (CR = 0.667)

	Channel coding 
	PSCCH: Polar code
PSSCH: LDPC

	Antenna configuration 
	(Tx, Rx) = (2, 4) 
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Highway 70kmh: Groupcast distance-based HARQ PRR; 300m feedback range
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