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Introduction
In RAN 1 #96bis meeting, some primary agreements are achieved on resource reservation as following :
	Agreements:
· NR V2X supports an initial transmission of a TB without reservation, based on sensing and resource selection procedure
· NR V2X supports reservation of a sidelink resource for an initial transmission of a TB at least by an SCI associated with a different TB, based on sensing and resource selection procedure
· This functionality can be enabled/disabled by (pre-)configuration
· FFS Standalone PSCCH transmissions for resource reservations are supported in NR V2X


In RAN 1 #97 meeting, the following agreements on mode 2 resource allocation for NR V2X have been made.
	Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs
Agreements:
· RAN1 to further select between the following options of sidelink resource reservation for blind retransmissions:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission
Agreements:
· Resource selection window is defined as a time interval where a UE selects sidelink resources for transmission
· The resource selection window starts T1 ≥ 0 after a resource (re-)selection trigger and is bounded by at least a remaining packet delay budget
· FFS T1 value, whether it is measured in slots, symbols, ms, etc.
· FFS other conditions
Agreements:
· Support a sub-channel as the minimum granularity in frequency domain for the sensing for PSSCH resource selection
· No additional sensing for other channels


Based on the above conclusion, more details of resource allocation in mode 2 should be discussed and determined. In this contribution, we will mainly discuss and make proposals for the remaining issues of resource allocation in mode 2. Further, the sensing and selection process of mode 2 resource scheme are analyzed in this contribution.
Mode 2 resource scheme procedure
On sidelink, UE performs sensing and resource selection to choose V2X resources in mode 2 resource pool. The detailed procedure of sensing and resource selection is discussed below.
Step 1: SCI decoding based resource exclusion
As analyzed in section 4, resource reservation for initial transmission and retransmissions should be indicated in SCI.  Based on that, UE can blindly detect SCI in sidelink resource pool and obtain the information of the occupied resources and then exclude them from its candidate resources set.
As illustrated in Figure 1, within a sensing window, UE detects SCI and excludes occupied resources accordingly.  The occupied resources including those identified by SPS period indication, retransmission reservation indication or standalone SCI for initial transmission reservation. 
[bookmark: _Toc5785][bookmark: _Toc9362][bookmark: _Toc29487][bookmark: _Toc6626][bookmark: _Toc9501][bookmark: _Toc1457][bookmark: _Toc3142]The information indicated in SCI should be used to exclude reserved resources.
[image: Plus sensing ]
[bookmark: _Ref5675]Figure 1  SCI decoding based resource exclusion
Furthermore, by decoding SCI, the PSSCH resource and associated DMRS configuration can be obtained by sensing UE.  Then sensing UE can measure SL-RSRP based on the DMRS of PSSCH further. 
Although SL-RSRP can be defined based on the DMRS associated with PSCCH, the time and frequency range of the DMRS REs for PSCCH is less than it for PSSCH.  In general, the SL-RSRP measurement based on DMRS of PSSCH is more accurate than using DMRS of PSCCH.
[bookmark: _Toc28615][bookmark: _Toc19519][bookmark: _Toc22885][bookmark: _Toc28790][bookmark: _Toc16346][bookmark: _Toc32624][bookmark: _Toc16494]In sensing procedure, SL-RSRP should be measured according to DMRS of PSSCH when both PSCCH and PSSCH are transmitted.
Considering the implement scenarios of V2X communication where multiple UEs may sensing and select resources within limited resource pool, the resources reserved by other UEs with lower interference level for sensing UE may be chosen as candidate resources.  In this case, the SL-RSRP should be used to determine whether a resource should be excluded from candidate resources according to a threshold. The SL-RSRP threshold may be decided jointly with priority of services or other factors, further details need FFS.
[bookmark: _Toc32212][bookmark: _Toc12178][bookmark: _Toc2022][bookmark: _Toc4377][bookmark: _Toc3984][bookmark: _Toc3064][bookmark: _Toc22395][bookmark: _Ref21443]SL-RSRP should be used to exclude resources based on pre-determined threshold. 
Step 2: Candidate resources set determining
In legacy sidelink resource selection process, the candidate resources set should fulfil the following requirements:
· the power metric of candidate resource E should satisfy the configured threshold;
· the number of resources in candidate resource set should be greater than or equal to 0.2 * total available resources;
Using the above rules, it is more likely for sensing UE to choose a transmitting resource with lower collision possibility.  For NR sidelink mode 2 resource selection, the legacy scheme should be reused as baseline.  
In step 1, improper resources are excluded, then a candidate resources set should be determined chosen from the remaining resources.  The candidate resources set aims to give several available resources which may be with lower collision possibility and interference level.  For the sake of that, candidate resources should be chosen according to power measurement.
Similar as the process in legacy sidelink, SL-RSSI is an effective metric which reflects the power level on a target resource, and it should be used for determining a candidate resources set. In LTE V2X, it is necessary to ensure that resources included in the candidate resource set is not less than 20% of the total resources in the resource selection window. However, it is nature that there may still be high interference resources in candidate resource set for the UE performing resource selection, and reliability for V2X communication cannot be guaranteed on these high interference resources. Therefore, we suggest that the ratio of candidate resources in the resource selection window needs to be further discussed.
[bookmark: _Toc19527][bookmark: _Toc2364][bookmark: _Toc9199][bookmark: _Toc9004][bookmark: _Toc21443][bookmark: _Toc5753][bookmark: _Toc15355][bookmark: _Ref5555][bookmark: _Ref3288]SL-RSSI should be used for determining candidate resources set. 
[bookmark: _Toc12749][bookmark: _Toc17214][bookmark: _Toc10120][bookmark: _Toc29651][bookmark: _Toc10906][bookmark: _Toc1272][bookmark: _Toc19870]The resource ratio of the candidate resources set in the resource selection window needs to be further discussed.
In LTE V2X, only periodic services are supported, and the period T for the SL-RSSI linear average is determined based on the period of the traffic from the sensing UE. More specifically, 100 ms is used for the period of the SL-RSSI linear average if the period of the traffic from the sensing UE is greater than or equal to 100 ms. Otherwise, the sensing UE executes the SL-RSSI linear average based on its own period of SPS traffic to be sent. For periodic services, we suggest that NR V2X reuse the period of the SL-RSSI linear average in LTE V2X.
For   aperiodic services, it is difficult for the period of the SL-RSSI linear average to follow what is in LTE V2X because the aperiodic services have no traffic period. Next, we will further discuss how to design the periodic T of the SL-RSSI linear average for the aperiodic services. If the periodic T is too large, the number of slots used for the power average is so small that it is difficult for the terminal to infer whether or not the resources in the resource selection window are occupied by other terminals through the power average method. Conversely, if the period T for SL-RSSI average is smaller than the cycle of the SPS service being transmitted from another UE, the idle resource of the resource set corresponding to SL-RSSI linear average could be incorrectly excluded. Therefore, the period T for SL-RSSI average should not be too small. In addition, in order for more accurate SL-RSSI average, the SL-RSSI linear average period should be the divisor or multiples of any SPS traffic cycle. Therefore, we suggest that the period of SL-RSSI average should be chosen with the above design principles in mind. In LTE V2X, values allowed for the signaling of the resource reservation period for SPS service are [ 20ms, 50ms, 100ms, 200ms, ... , 1000ms]. Based on this assumption, the periodic value T=100ms should be used for the SL-RSSI linear average.
In Figure 2, the SPS service cycle is 50 ms for the transmitting UE3, and the RSSI linear average cycle 100 ms is a multiple of this SPS service cycle, and thus one sending UE can exclude those resources occupied by the transmitting UE3 through two RSSI linearity average with 100 ms period. In addition, in Figure 2,   UE1 is transmitting SPS traffic with 200 ms cycle, and the RSSI linear average cycle 100 ms is the divisor of SPS traffic period for UE1, and the resources occupied by UE1 can be excluded for the UE performing sensing and resource selection procedure.


Figure 2 RSSI linear average for the aperiodic services
[bookmark: _Toc11805][bookmark: _Toc2683][bookmark: _Toc17775][bookmark: _Toc27292][bookmark: _Toc6683][bookmark: _Toc11320][bookmark: _Toc2197]For   periodic services, it is suggested that the periodic of the SL-RSSI linear average in LTE V2X is reused for NR V2X .
[bookmark: _Toc4955][bookmark: _Toc26971][bookmark: _Toc28301][bookmark: _Toc30508][bookmark: _Toc28979][bookmark: _Toc16065]For   aperiodic services , a fixed period value should be used for the SL-RSSI linear average, such as 100ms.
Step 3: Resource selection
[bookmark: _Toc18214][bookmark: _Toc32198][bookmark: _Toc8582][bookmark: _Toc30621][bookmark: _Toc15096]After determining the candidate resources set, UE should report the resources set to its high layer by which the actual resource for sidelink signal transmission can be finally selected.  The selection principle and potential relevant factors should be discussed and determined by high layer.
[bookmark: _Toc17234][bookmark: _Toc19270][bookmark: _Toc427][bookmark: _Toc7883][bookmark: _Toc7356][bookmark: _Toc2730][bookmark: _Toc373]The candidate resources set should be reported to high layer to select the actual resource for sidelink transmission. 
Sensing window
For the period services, it is nature that services of different cycles need be supported in NR V2X. In the case of acceptable complexity of storing sensing results, it is best that the length of the sensing window is not less than the maximum period of period services. If length of the sensing window is shorter than the maximum period value of period services, the sensing UE cannot find that a resource in the resource window have been indicated as reserved resource by another terminal, and thus the resource selected by the sensing UE will conflict with the resource reserved by another UE transmitting SPS services. It is observed that values allowed for the signaling of the resource reservation period for SPS service are [ 20ms, 50ms, 100ms, 200ms, ... , 1000ms] in LTE. In addition, it is shown that the transmission rate is from 2 to 100 message/sec for different NR V2X communication scenarios in 3GPP TS 22.186.
Based on the above observations, we believe that the sensing window length of one second, whose value is not less than the above maximum SPS period, can be used for NR V2X.
[bookmark: _Toc22304][bookmark: _Toc26747][bookmark: _Toc31740][bookmark: _Toc8653][bookmark: _Toc20702][bookmark: _Toc12012][bookmark: _Toc23524]A fixed length of the sensing window is adopted for NR V2X, such as 1s.
Resource reservation
Initial transmission resource reservation
SPS services
It is agreed that an initial transmission of a TB can be performed directly based on sensing and selection without resource reservation.  For SPS services, it provides a reasonable scheme to select resource for the first data transmission in a SPS service process.
As shown in Figure 3, for SPS services, the period of service indicates the resources occupation status for following several periods.  According to the SPS period indication, sensing UE can choose an initial transmission resources without reservation for the first data packet with less collision possibility. 
[image: SPS sensing]
[bookmark: _Ref16219]Figure 3 Initial transmission without reservation for SPS services
Besides, for SPS services, the service period can be used to predict a potential transmission for next data packet.  Except the first TB transmission during a SPS process, resources for every TB can be reserved by the previous data packet transmission.  By indicating service period in SCI, transmitting UE can reserve resources for the initial transmission of a subsequent data packet.
[bookmark: _Toc10456][bookmark: _Toc14561][bookmark: _Toc21409]For SPS services, the initial transmission resource of a first TB can be selected without reservation based on sensing.
[bookmark: _Toc25071][bookmark: _Toc29184][bookmark: _Toc31741]For SPS services, except the first TB transmission, initial transmission resource of a TB can be reserved by indicating service period in SCI associated with a previous TB
Dynamic services
For dynamic services, UE selects resources for each TB independently, i.e. there is no reservation information can be obtained for next TB transmission.  Without consideration of retransmission resources reservation, choosing initial transmission without resource reservation information for dynamic services is equivalent of random resource selection, therefore significant more resource collision may happen.
In order to decrease the possibility of resource collision in dynamical resource selection, we prefer to use standalone SCI to indicate reservation information for initial transmission.  When a UE tries to occupy resources dynamically, it can announce the resource pre-occupation in advance by sending a standalone SCI.  Other UEs can be aware of the announcement in sensing process and then avoid selecting the same resource.  As shown in Figure 4, when data packet arriving, sensing UE should select a PSCCH resource to transmit standalone SCI, and then transmit its initial transmission of the data packet on the announced resources.
[image: short sensing ]
[bookmark: _Ref29580]Figure 4 Initial transmission reservation for dynamic services
The performance difference of dynamic initial transmission resource selection with/without standalone SCI is simulated and shown in Figure 5 and Figure 6.  It shows that with resource reservation announcement in standalone SCI for initial transmission, better PRR can be achieved.
[bookmark: _Toc14419][bookmark: _Toc14340][bookmark: _Toc16400][bookmark: _Toc7308][bookmark: _Toc23044][bookmark: _Toc31987][bookmark: _Toc18632]Standalone SCI for initial transmission reservation is supported for dynamic services.
[image: ][image: ]
[bookmark: _Ref7241]Figure 5 Freeway scenario
[image: ] [image: ]  
[bookmark: _Ref7382]Figure 6 Urban scenario
Retransmission resource reservation 
[bookmark: _Toc525][bookmark: _Toc29400][bookmark: _Toc82]As blind retransmission is supported on NR sidelink, in order to reserve retransmission resources and avoid collision, the reservation information for retransmission should be indicated in SCI. 
Considering the diverse service types requirement on sidelink, several factors may affect the maximum number of transmission, including sidelink path conditions, scenarios and configuration of sidelink resource pool, etc.  Therefore, the maximum number of transmission for a data packet should be configurable and it can satisfy different requirements and improve sidelink resource efficiency.  
[bookmark: _Toc21184][bookmark: _Toc11289][bookmark: _Toc29514][bookmark: _Toc23316][bookmark: _Toc24838][bookmark: _Toc6284][bookmark: _Toc26762][bookmark: _Ref4297]The maximum number of transmission is configurable for both blind retransmissions and feedback-based PSSCH retransmissions in NR sidelink. 
In order to inform the reserved retransmission resource, a slot interval between current SCI and the retransmission resource should be indicated as time domain resource reservation.  Furthermore, if frequency hopping between initial transmission and retransmission can provide significant performance improvement, the sub-channel(s) for retransmission should be indicated in SCI.  
When more than one retransmission are applied, there are the two options to indicate the reserved resources for retransmission, as shown in Figure 7:
· Option 1: A transmission can reserve resources for none, one, or more than one blind retransmission
· Option 2: A transmission can reserve resource for none or one blind retransmission
[image: reserved retransmission]
[bookmark: _Ref8557]Figure 7 Options of retransmission resource reservation
[bookmark: _Ref4291]The main difference between the two options is that more than one reserved retransmission resource can be known by the initial transmission SCI in option 1 while only the next one retransmission resource is indicated in option 2.  Obviously, option 1 needs more indicator bits than option 2 to assign multiple retransmissions resources.  Whereas associated SCI should be transmitted for each retransmission, for sensing UE, it can detect each SCI and obtain the retransmission resource reservation indication for both option 1 and option 2.  Then sensing UE can select resources and avoid choose the reserved resources.  In short, option 1 and option 2 have similar resource reservation indication effect while option 1 needs more overhead, therefore we prefer using chain reservation scheme for retransmission.
[bookmark: _Toc24340][bookmark: _Toc19037][bookmark: _Toc16768][bookmark: _Toc20722][bookmark: _Toc9668][bookmark: _Toc32735][bookmark: _Toc1270]Support chain reservation for retransmission resource by indicating slot interval between current SCI and the next retransmission resource. 
Release of feedback-based PSSCH retransmissions 
In this section, we will discuss on whether or not released resource(s) of feedback-based PSSCH retransmissions of the transmitting UE should be used by the receiver UE(s) and other UEs. In RAN1 #97 meeting, it is agreed that no additional signaling is defined for the purpose of release of unused resources release. If the receiver UE(s) and other UE(s) want to use released resources of feedback-based PSSCH retransmissions, one solution is that these UEs judge whether or not the resource(s) of the feedback-based PSSCH retransmissions is released by HARQ feedback from receiver UE(s). However, it makes the sensing process more complete if the sensing user determine the occupancy of resources in the resource window by HARQ feedback from receiver UE(s). In addition, the intention for the receiver UE(s) and other UE(s) to reuse released resources of feedback-based PSSCH retransmissions is to avoid waste of resources. If chain-based reservation is used, the waste of released resources of feedback-based PSSCH retransmissions can be avoided to some extent. Moreover, due to errors for HARQ feedback information, both the receiver UE(s) and other UE(s) may incorrectly occupy feedback-based PSSCH retransmissions resource(s) not being released by the transmitting UE. This will lead to mutual interference between the transmitting UE and the receiver/other UE(s), and V2X communication on resources for feedback-based PSSCH retransmissions becomes unreliable. 
[bookmark: _GoBack]For the groupcast communication in Figures 8 and 9, the transmitting UE1 sends PSCCH/PSSCH, and UE2 and UE3 in the same group perform HARQ feedback . In Figure 8, UE4 can correctly receive ACK information from UE3, but fails to receive NACK information from UE2. As a result, the sensing UE4 mistakenly use the resource(s) of feedback-based PSSCH retransmissions not released by the transmitting UE1, and the transmitted signal from UE4 is seriously interfered by the transmitting UE1. In Figure 9, the sensing UE4 can only sense the ACK information from UE2, and cannot find that DTX phenomenon had happened for the UE3. Therefore, the UE4 performed V2X transmission in the unreleased resource of feedback-based PSSCH retransmissions. So, the signal from UE1 to UE3 is seriously interfered by the UE4 in the resource of feedback-based PSSCH retransmissions. For the unicast communication, when the receiver UE and other UEs decide to use resource(s) of feedback-based PSSCH retransmissions of the transmitting UE based on the ACK information from the receiver UE, in fact the resource(s) of feedback-based PSSCH retransmissions may be used to transmit another TB block of the the transmitting UE. Therefore, resource conflict between the transmitting UE and the receiver/other UE(s) is about to occur.  


Figure 8 Signal transmitted from the sensing UE4 is seriously interfered by the transmitting UE1


Figure 9 Signal transmitted from the transmitting UE1 is seriously interfered by the sensing UE4
[bookmark: _Toc11964][bookmark: _Toc5119][bookmark: _Toc32693][bookmark: _Toc23750][bookmark: _Toc19172]Based on the above discussion, we suggest that the sensing and resource selection procedures for other UEs are not impacted by release of feedback-based PSSCH retransmissions.
[bookmark: _Toc25591][bookmark: _Toc17929][bookmark: _Toc9574][bookmark: _Toc15499][bookmark: _Toc685][bookmark: _Toc18065]For both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE.
[bookmark: _Toc25641][bookmark: _Toc25472] Sensing and resource selection procedures for both other UE(s) and receiving UE(s) shall not impacted by the release of feedback-based PSSCH retransmissions of the transmitting UE.
Conclusion
This paper discusses resource reservation and sensing/selection procedure of mode 2 sidelink resource scheme, concluded with the following proposals:
Observation 1: For SPS services, the initial transmission resource of a first TB can be selected without reservation based on sensing.
Observation 2: For SPS services, except the first TB transmission, initial transmission resource of a TB can be reserved by indicating service period in SCI associated with a previous TB

Proposal 1: The information indicated in SCI should be used to exclude reserved resources.
Proposal 2: In sensing procedure, SL-RSRP should be measured according to DMRS of PSSCH when both PSCCH and PSSCH are transmitted.
Proposal 3: SL-RSRP should be used to exclude resources based on pre-determined threshold.
Proposal 4: SL-RSSI should be used for determining candidate resources set.
Proposal 5: The resource ratio of the candidate resources set in the resource selection window needs to be further discussed.
Proposal 6: For   periodic services, it is suggested that the periodic of the SL-RSSI linear average in LTE V2X is reused for NR V2X .
Proposal 7: For   aperiodic services , a fixed period value should be used for the SL-RSSI linear average, such as 100ms.
Proposal 8: The candidate resources set should be reported to high layer to select the actual resource for sidelink transmission.
Proposal 9: A fixed length of the sensing window is adopted for NR V2X, such as 1s.
Proposal 10: Standalone SCI for initial transmission reservation is supported for dynamic services.
Proposal 11: The maximum number of transmission is configurable for both blind retransmissions and feedback-based PSSCH retransmissions in NR sidelink.
Proposal 12: Support chain reservation for retransmission resource by indicating slot interval between current SCI and the next retransmission resource.
Proposal 13: For both the receiver UE(s) and other UE(s), the HARQ Feedback information cannot be used for resource selection from the resource(s) of feedback-based PSSCH retransmissions of the transmitting UE.
Proposal 14:  Sensing and resource selection procedures for both other UE(s) and receiving UE(s) shall not impacted by the release of feedback-based PSSCH retransmissions of the transmitting UE.
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Appendix
System level simulation assumption
	Parameter
	value

	Deployment
	Freeway/Urban scenario

	UE drop
	Option A
-	Vehicle type distribution: 100% vehicle type 2.
-	Clustered dropping is not used.
-	Vehicle speed is 140 km/h in all the lanes for the highway scenario
-	Vehicle speed is 60 km/h in all the lanes for the urban grid scenario:

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz/30KHz

	[bookmark: OLE_LINK1]Traffic model
	Aperiodic Traffic model

	Aperiodic Traffic model
	Model 1 (medium traffic intensity)
-	Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
-	Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
-	Latency requirement: 50 ms
-	100% vehicles generate packets.

	Transmission number
	2

	Channel model
	As defined in 37.885

	Receiver algorithm
	MMSE-IRC

	Number of Tx/Rx antenna elements for vehicle UE
	2Tx/4Rx for 6 GHz

	Antenna model for vehicle UE
	Option 1
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