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[bookmark: _Ref129681832]At the previous meeting (RAN1#94), agreements were achieved related to sidelink resource allocation modes for NR-V2X:

Agreements:
At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication
· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)
· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources
Notes:
· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 
· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where
a) UE autonomously selects sidelink resource for transmission
b) UE assists sidelink resource selection for other UE(s)
c) UE is configured with NR configured grant (type-1 like) for sidelink transmission
d) UE schedules sidelink transmissions of other UEs
RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication
RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.

For Uu-based sidelink resource allocation/configuration, the following agreements were also achieved: 
Agreements:
· Study at least the following NR sidelink resource allocation techniques:
· Dynamic resource allocation
· Activation/deactivation based
· E.g., semi-persistent scheduling allocation or NR grant free type-2 
· RRC (pre-)configured
· E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC
· RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not

In this paper, we discuss the resource allocation techniques for sidelink transmission, including mode-1, mode-2, and corresponding sub-modes.
1 Requirements for sidelink resource allocation
In [1], it has been identified that NR V2X is complementary to LTE V2X for advanced V2X services. The advanced services have been categorized into four use cases: vehicle platooning, extended sensors, advanced driving, and remote driving.  Compared to the basic safety service of LTE V2X, these advanced services have significantly higher requirements on the NR V2X design in terms of reliability, latency and data rates. Many of the requirements are similar to URLLC, with a focus on sidelink transmissions. In NR uplink, grant-free transmission (or ‘configured grant’ transmission) is introduced to achieve the low latency and reliability requirement of URLLC. Similarly in NR sidelink, grant-free transmission mode with resource configuration similar to NR configured grant type 1 should be supported to achieve the low latency and high reliability requirement of advanced V2X applications. 
For the rest of the paper, we discuss the motivation for introducing grant-free mode in SL and other enhancements that are needed for NR sidelink to meet all the requirement of the NR V2X advanced services. Note also that in Rel-12, D2D resource allocation was done by having the UE pseudo-randomly selecting transmission patterns. Grant-free transmission can be viewed as an extension and an improvement of the pattern-based resource allocation mechanism of Rel-12 D2D. 
The requirements for the four categories of NR advanced V2X services are defined in TS 22.186 [3]:

Table 1 Advanced NR V2X use cases and requirements
	Use cases
	Payload (bytes)
	Latency (ms)
	Reliability (%)
	Data Rate (Mbps)

	Vehicle Platooning
	50-6500
	10-20
	90-99.99
	0.012-65

	Advanced Driving
	300-12000
	3-100
	90-99.999
	0.096-53

	Extended Sensors
	1600
	3-100
	90 - 99.999
	10-1000

	Remote Driving
	
	5
	99.999
	UL: 25, DL:1



2 Mode 1 resource allocation
2.1 Dynamic scheduling
Dynamic scheduling can be used for in-coverage scenario. Given that gNB has full control in the dynamic scheduling mode, gNB can configure the resources in a way that minimizes the collision probability. Note however that using dynamic scheduling requires sending scheduling requests (SRs), buffer status reports (BSRs), and scheduling grants (SGs). Depending on the nature of the traffic, this may be costly, in terms of signaling and overhead.   
2.2 Configured scheduling
2.2.1 Configured scheduling in UL
Grant-free transmission refers to the fact that users can transmit data in an arrive-and-go manner without sending a scheduling request (SR) or receive a scheduling grant (SG) from the BS in advance. Grant-free resources are semi-statically configured, without dynamic control signaling, such as DCI, from the gNB. When a packet needs to be transmitted by a grant-free UE, the packet can be transmitted immediately in the next available grant-free access area without obtaining a SG in a DCI.  
Since no grant-request and scheduling process are required, the grant-free transmission can reduce significantly the signaling overhead and air-interface latency. As a result, the grant-free scheme is applicable in URLLC and eMBB. 
In NR specifications, UL grant-free transmission is also called a ‘Type 1 configured grant’. There are currently two types of configured grant transmission in NR: 
· Type 1 configured grant: resource configuration is purely based on RRC signaling.
· Type 2 configured grant: resource configuration is based on both RRC signaling and L1 signaling, where L1 signaling is used for (re-)activation/deactivation of the RRC configuration.
Type 2 configured grant is similar to LTE SPS transmission. For both types of configured grant transmission, repetition is supported to improve reliability for URLLC. Some discussion on the properties and advantages of grant-free transmission over SPS can be found in [4].
2.2.2 Configured scheduling in SL
Both Type 1 and Type 2 configured grant-like schemes may be supported in SL for NR-V2X. Since configured grant type 1 configures all the resources in RRC without a DCI for in-coverage UE, it can be considered as a mode 1 scheme. It also fits the definition of a mode 2 scheme since no dynamic scheduling from the base station is required. 
2.2.2.1 Type 1 SL grant-free 
SL grant-free transmission can work in a similar way to Type 1 UL configured grant. This scheme can provide very low latency and high reliability that can satisfy URLLC requirements as motived in NR uplink. It can be used for both in-coverage and out-of-coverage UEs. 
2.2.2.2 Type 2 SL grant-free
SL semi-persistent scheduling in LTE V2X is motivated by overhead reduction of dynamic scheduling for periodic traffic. For NR-V2X, a configured grant Type 2-like resource allocation scheme can be considered for the similar purpose as LTE SL-SPS. 
SL GF transmission, which is similar to NR Type 1 configured grant can achieve most of the benefits of SL SPS: the activation grant for SL SPS can be configured in RRC for SL GF transmission while SL GF does not require a DCI from gNB before transmission. 

Table 1: Summary of key differences between SL SPS and SL GF

	Category
	SL SPS
	SL GF

	
Target use cases
	
· Periodic traffic such as VoIP
· Easy to tell the starting and ending of the transmissions
	
· Sporadic and non-periodic traffic
· Traffic arrival not predictable


	
Resource allocation and transmission activation
	· RRC + DCI
· RRC configures only periodicity and DCI configures frequency resources and other transmission parameters
· UE Needs to wait for DCI activation to start the transmission
	· RRC only
· RRC configures all T/F resources as well as transmission parameters such as RS, MCS, repetitions, etc.
· UE can directly transmit after RRC configuration without waiting for DCI activation



A summary on comparison between SL SPS and SL grant-free is given in Table 1, which shows individual advantages and benefits of SPS and GF.  Given the obvious differences, signaling and applications, it makes sense to configure and operate GF and SPS as two separate sub-modes under mode 1.
Proposal 1: NR mode 1 should support dynamic grant-based SL resource allocation mechanisms for in-coverage UEs.

Proposal 2: NR mode 1 should support grant-free type-1 and type-2 SL resource allocation mechanisms for in-coverage UEs.

3 Mode 2 resource allocation
Four resource allocation sub-modes have been agreed to be studied for Mode-2. We try to clarify the UE behavior in each of the sub-modes. 
3.1 UE autonomously selects sidelink resource for transmission 
In this sub-mode, UE may autonomously select sidelink resource for transmission within the configured resources. Random selection can be a baseline choice. However, with the stringent requirement from advanced NR-V2X application, the major challenge for allowing UE to select its own resources is to meet the latency and reliability targets. Techniques can be applied such as sensing, reservation and/or LBT to improve the reliability and reduce the collision probability. However, these techniques induce more latency and would make it even more challenging to meet the latency and reliability targets for the advanced NR V2X applications.
3.1.1 LBT 
A potential collision avoidance technique is listen-before-talk (LBT) whereby UE performs a clear channel assessment (CCA) and potentially random back-off before accessing the channel. 
At this stage, it is unclear if LBT can perform efficiently for V2X communication. One issue is the random backoff used with LBT. This will severely affect latency. In particular, when the system is highly loaded, latency may easily exceed the latency budget. Consequently, extensive performance analysis on LBT with a particular focus on latency evaluation needs to be performed. In addition, reaching the extremely high reliability targets for some services (e.g., 99.999%) might be very challenging within the latency budget.
Observation 1: LBT procedure increases latency due to random backoff. It needs to be determined whether LBT can reach the V2X latency target (3ms for some use cases) under typical traffic loads.
3.1.2 Sensing and reservation
LTE-V2X mode 4 resource allocation mechanism is based on sensing and reservation. 
3.1.2.1 How Rel-14/15 sensing works
The sensing procedure for LTE-V2X is illustrated in Figure 1. In Figure 1, UE 0 is performing the sensing and resource selection procedure.


[image: ]
Figure 1. Sensing-based resource selection according to Rel-14 specifications (Mode 4)
In a first stage, the UE (UE 0) senses the resources during a sensing window. This is done decoding the SAs sent on the PSSCH as well as by power measurements. When decoding SAs, the UE determines if the SA indicates that the resources are reserved in for future use. 
After sensing is done, the UE determines the top 20% candidate resources (taking into account reservation) in a resource selection window. The UE then randomly selects one of the top 20% resources. The UE then uses this resource until resection occurs after expiration of a timer.
3.1.2.2 Limitations of Rel-14/15 sensing
Notwithstanding the obvious advantages of channel occupancy awareness through sensing in case of periodic transmissions illustrated in Figure 1, the sensing-based resource selection procedure standardized in Rel-14/15 has a number of shortcomings from the perspective of the high reliability / low latency / high data rate requirements of eV2X services (i.e., platooning, sensor sharing, cooperative maneuvers) [3]. In particular, the following enhancements would be needed:
1. Reducing latency
Low-latency services may be supported by shortening the Selection Window. However, this may increase the probability that the UE cannot find free resources within the shorter window compared to long selection window, since the available resource for selection will be reduced. Therefore, LTE-V sensing mechanism would need to be enhanced to balance the latency and collision probability if sensing is introduced in Rel-16 NR V2X.
2. Reducing impact of high mobility
The channel occupancy picture the UE gets from sensing in the recent past may quickly become obsolete, as a result of quick changes in the interference geometry due to high mobility. A mechanism to reduce the impact of high mobility on the usefulness of sensing would be beneficial.
3. Reducing impact of hidden nodes
The receiver may be exposed to interference sources not detectable by the transmitter (so-called ‘hidden nodes’). Enhancing resource selection by taking into account receiver-side sensing by e.g., by providing measurement feedback to the transmitter, or moving the resource selection decision to the receiver may increase reliability. In addition, it opens the door to exploiting advanced receiver algorithms in the resource selection procedure. In addition, it would be useful to enhance the transmitter’s awareness of resources being used by nearby receivers. 
Above (and possibly other) enhancements need to be implemented for the sensing-based resource selection to fulfill the stringent requirements of eV2X services efficiently. This becomes more important when payload sizes (e.g., 1000 bytes) and/or transmission rates (e.g., 100 Hz) increase, as is expected in NR V2X compared to LTE-V. 

Observation 2: LTE-V sensing procedures and sensing-based resource selection procedures only work well for periodic traffic.
Observation 3: LTE-V sensing (Rel-14/15), designed for broadcast services (CAM/DENM), cannot fulfill all the requirements of NR-V use cases (i.e., platooning, sensor sharing, cooperative maneuvers). Enhancements to sensing techniques are necessary if they are to fulfill the requirements of advanced NR-V2X use cases.

3.2 UE assists sidelink resource selection for other UE(s)
A UE may transmit some information to another UE to assist sidelink resource allocation. Such information can correspond to sensing or interference measurements. The mechanism that UE assists sidelink resource allocation for other UEs should be considered as an enhancement technique rather than an actual sub-mode.  At best, it can be considered as a variant of sub-mode 4 where a UE schedules sidelink transmission for another UE.
3.3 UE is configured with NR configured grant (type-1 like) for sidelink transmission
SL grant-free transmission can provide very low latency and high reliability that can satisfy URLLC requirements as motived in NR uplink. It can be used for both in-coverage and out-of-coverage UEs. More details about this scheme are provided below. 
3.3.1 Motivation for grant-free transmission 
In NR release 15, transmission without dynamic scheduling is supported for uplink transmission, and is mainly motivated by URLLC requirements.  The target application for LTE V2X is mainly broadcasting safety messages, which are mostly periodic by nature and, as discussed above, motivated the introduction of the sensing procedures. The current LTE mode 4 transmission scheme, which supports semi-persistent transmission with sensing, is well suited for the broadcasting of safety messages, which mostly consist of periodic traffic that is not as constrained in terms of latency and reliability as the advanced V2X services. Given the differences between safety traffic and advanced services in terms of traffic characteristics, the non-scheduled sidelink transmission for NR has characteristics significantly different than in LTE. 
LTE also supports SL SPS transmission, which is similar to NR Type 2 configured grant transmission. The grant-free transmission, or the Type 1 configured grant transmission can offer high reliability and low latency to meet the stringent requirements for the advanced V2X applications. In the following, we discuss the resource allocation mechanism, the signaling, and the advantages of the grant-free based sidelink transmission.
1) Latency: The advanced driving and extended sensors use cases have an end-to-end (E2E) latency requirement as lows as 3 ms. In LTE Release 15, as mentioned above the minimum selection window is equal to the reservation period, which is at least 10 ms. As proven for URLLC, grant-free transmission can meet both low latency and high reliability requirements, thus it is natural to support it for sidelink transmission. 
2) Reliability: The NR advanced V2X applications requires up to 99.999% reliability for use cases listed in Table 1. To achieve such high reliability, repetition should be applied. With the time saved without the grant process and resource selection window, UE may have more opportunities for repetitions within the latency constraint. In the case of RRC-configured grant-free resources, the configuration can be adapted to traffic and avoid collisions. In order to further enhance reliability, resource allocation schemes different than the ones of LTE need to be studied.
3) Traffic type: As mentioned before, the sensing based resource selection in current LTE mode 4 scheme works well for periodic traffic. However, for advanced NR V2X applications, new traffic types are introduced with aperiodic and bursty characteristics. In a mixed periodic and aperiodic traffic scenario, sensing may not help that much since no information on future resource availability can be obtained from the sensing of aperiodic resource occupation. Thus, a resource allocation scheme that does not rely on periodic traffic is needed for NR.  Grant free transmission was shown to work well for both periodic and aperiodic traffic [4]. 
3.3.2 Grant-free resource allocation for NR sidelink
For NR SL mode 2 transmission, grant-free resource allocation can be similar to NR uplink configured grant Type 1 transmission. The resource and transmission parameters for the UE can be configured with RRC signaling for in-coverage UEs or pre-configured for out-of-coverage UEs. The time/frequency resources assigned for the grant-free transmission may depend on the traffic type so that more or less resources can be allocated according to the traffic demand. However, unlike NR uplink configured grant transmission, the sidelink grant-free transmission should include the resource configuration for SA transmission. Note however that the resource configuration for SA may be implicit.
Proposal 3: For in-coverage UEs, NR V2X should support a RRC configured SL grant-free transmission mode similar to NR UL configured grant Type 1 transmission for latency reduction and reliability enhancement. For out-of-coverage UEs, a pre-configured SL grant-free transmission mode should be considered.

3.3.3 Signaling for grant-free resource allocation 
As discussed earlier, in order to support the reliability requirement of 99.999%, repetition should be supported. LTE Rel. 14/15 V2X supports up to two transmissions of the same TB in LTE SL mode 4, and the retransmission resource may be independently selected from that of the original transmission. NR’s higher reliability target may require more retransmissions, and may be further enhanced by avoiding potential collisions between the SL retransmissions of different UEs. This can be achieved in a grant-free transmission mode, by configuring UE specific transmission patterns. The transmission pattern can indicate the location of each repetition of a TB. The configuration takes into account the UE needs and the radio conditions.
Proposal 4: NR should support RRC configuration of UE-specific SL transmission pattern for NR sidelink transmission for in-coverage UEs.

3.3.4 (Pre-)Configured transmission patterns 
An out-of-coverage UE can be pre-configured with a transmission pattern and use this pattern to transmit a PSSCH in a grant-free manner. More generally, a UE may be configured or pre-configured with a transmission pattern pool, autonomously select a transmission pattern from the pool and use it to transmit a non-scheduled PSSCH. In this way, if two UEs share the same resources and transmit data simultaneously, then their transmission can still be resolved by virtue of using different transmission patterns. The pattern pool solution could be applied for both in-coverage and out-of-coverage scenarios. 
For the in-coverage case, this solution might incur some degradation in performance compared to the case where the network directly configures the UE with a specific pattern via RRC signaling. Thus, more study is needed to see if the configuration of SL transmission pattern pools  is needed for the in-coverage case.

[image: ]
Figure 2. (Pre-)configured transmission patterns for VUEs.
Figure 2 shows an example of time-domain transmission patterns. Such patterns can also be configured over time and frequency resources. In this example, it can be seen that all 21VUEs can transmit and receive data to/from each other which allows for mutual broadcast within the group while overcoming the half-duplex constraint. As can be seen, fast retransmission of a TB is enabled by the proposed grant-free transmission scheme which should be beneficial in terms of both latency and reliability. How many transmissions are allowed per transmission pattern should depend on the time-domain length of these patterns as well as the number of VUEs.  On the other hand, the length of the transmission patterns in time-domain along with the subcarrier spacing will dictate the overall latency of the scheme. Therefore, there is a tradeoff to be achieved in terms of latency and reliability, which depends on the subcarrier spacing and time-domain length of the transmission patterns. In general, with large subcarrier spacing such as 60kHz, there is more opportunity to increase the length of the transmission patterns without increasing the overall latency of the scheme compared to smaller subcarrier spacing. It is expected that the latency of GF transmission will be lower than with other techniques due to the fact that time-frequency resources in GF transmission are immediately available for the VUE to use, e.g. VUE does need to carry out any short-term sensing (e.g. LBT with random backoff) or long-term sensing (e,g, LTE-V2X sensing and reservation) procedure. GF transmission with configured transmission patterns also enables fast retransmission which also contributes to reducing the overall latency for successful packet reception. 
For the in-coverage case, the network can judiciously assign the transmission patterns to the VUEs so as to avoid collisions between VUEs and achieve the best latency/reliability tradeoff. For the out-of-coverage case, the transmission patterns can be UE-specifically pre-configured or a common pool of patterns can be pre-configured from which the UE can autonomously select its transmission pattern. The size of the transmission patterns can be adaptively adjusted taking into consideration various parameters such as the network load, the latency and reliability requirements, traffic type etc. It should be noted that VUEs can have multiple GF pre-configurations suitable for different loads, latency, reliability and traffic types which they can use accordingly.
Proposal 5: NR should support pre-configuration of SL transmission pattern or pattern pools for out-of-coverage UEs. FFS RRC configuration of SL transmission pattern pools for in-coverage UEs.


3.4 UE schedules sidelink transmissions of other UEs
This sub-mode can be especially useful for out-of-coverage scenario where a UE, perhaps having more capability than other UEs around it, can perform scheduling functions on behalf of the gNB. Procedures would have to be discussed on which UEs are capable of scheduling transmissions for other UEs.  In particular, whether gNB designates the scheduling UEs and how to select a scheduling UE within a group of users that are out-of-coverage may need to be studied. In addition, the type of UE scheduling (dynamic or through configured grant) needs to also be studied.

Proposal 6: RAN1 should focus on studying the merits of modes 2-1, 2-c, 2-d. Mode 2-b can be considered as a variant of mode 2-d.
4 System level simulation of different resource allocation schemes
In this section, we provide some preliminary system level simulation results of different schemes representing different sub-modes of NR-mode 2. In particular, we compare grant-free scheme (or NR configure grant Type-1 like scheme) with UE autonomous selection based on LTE sensing.  Packet reception ratio (PRR) and packet inter-arrival ratio (PIR) performance that are described in TR 37.885 are used for the performance evaluation. The simulation assumptions and parameters are described in Table 1 in Appendix. 

For the GF scheme, each UE is configured with a set of time/frequency resources and when the packet arrives, the UE performs transmission at the next configured resource. The configuration of the GF transmission resource is considered to be ideal, i.e. collisions only happen when the system is overloaded.  For LTE sensing scheme, the sensing scheme defined in LTE latest release is used. For simplicity, repetition/retransmission is not considered in this comparison, therefore, each packet is only transmitted once. We compare the performance of two schemes in two different traffic modes described in TR 37.885: periodic model 2 and aperiodic model 1. It can be seen that GF scheme offers better PRR and PIR performance for both models. Note that for the two traffic models we simulated, Periodic Model 2 has much higher load than Aperiodic Model 1, therefore, we also see more gain from the Periodic Model 2. Though not shown here, it is expected that at similar lighter loads, the performance gap in the periodic case would be similar to the performance gap in the Aperiodic Model 1 case, shown in Figures 4 and 5.
Currently, latency is not considered in the PRR results, it is expected that GF will show even more gain if latency is taken into account. 
[bookmark: _GoBack]
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Figure 2: PRR performance of GF versus LTE sensing in periodic model-2 traffic
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Figure 3: PIR performance of GF versus LTE sensing for periodic model-2 traffic
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Figure 4:  PRR performance of GF versus LTE sensing in aperiodic model-1 traffic
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Figure 5: PIR performance of GF versus LTE sensing in aperiodic model-1 traffic



5 Conclusions 
In this contribution, we discussed the resource allocation for UE autonomous transmission for NR V2X sidelink transmission.    
Proposal 1: NR mode 1 should support dynamic grant-based SL resource allocation mechanisms for in-coverage UEs.
Proposal 2: NR mode 1 should support grant-free type-1 and type-2 SL resource allocation mechanisms for in-coverage UEs.
Observation 1: LBT procedure increases latency due to random backoff. It needs to be determined whether LBT can reach the V2X latency target (3ms for some use cases) under typical traffic loads.
Observation 2: LTE-V sensing procedures and sensing-based resource selection procedures only work well for periodic traffic.
Observation 3: LTE-V sensing (Rel-14/15), designed for broadcast services (CAM/DENM), cannot fulfill all the requirements of NR-V use cases (i.e., platooning, sensor sharing, cooperative maneuvers). Enhancements to sensing techniques are necessary if they are to fulfill the requirements of advanced NR-V2X use cases.
Proposal 3: For in-coverage UEs, NR V2X should support a RRC configured SL grant-free transmission mode similar to NR UL configured grant Type 1 transmission for latency reduction and reliability enhancement. For out-of-coverage UEs, a pre-configured SL grant-free transmission mode should be considered.

Proposal 4: NR should support RRC configuration of UE-specific SL transmission pattern for NR sidelink transmission for in-coverage UEs.

Proposal 5: NR should support pre-configuration of SL transmission pattern or pattern pools for out-of-coverage UEs. FFS RRC configuration of SL transmission pattern pools for in-coverage UEs.
Proposal 6: RAN1 should focus on studying the merits of modes 2-1, 2-c, 2-d. Mode 2-b should be considered as a variant of mode 2-d.

6 Appendix

[bookmark: _Ref520964094][bookmark: _Ref521488396]Table 1: simulation assumption
	Parameter
	Assumption

	Layout 
	Highway scenario

	UE distribution
	UE drop A

	Frequency
	6 GHz

	Simulation bandwidth
	100 MHz

	In-band emission
	According to TR 36.885 evaluation assumptions, with {W, X, Y, Z} = {3, 6, 3, 3}

	Link type
	Direct vehicle-to-vehicle link

	VUE antenna model
	TR 37.885 Option 1

	Traffic Model 
	TR 37.885 Periodic Model 2 or Aperiodic Model 1 

	Number of antenna
	4
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