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This is the updated contribution based on R1-2008917.
In RAN#90e, an updated WI has been approved for supporting NR Sidelink general enhancement in NR Rel. 17 with following objectives on power saving captured in RP-202846:
Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· Baseline is to introduce the principle of Rel-14 LTE sidelink random resource selection and partial sensing to Rel-16 NR sidelink resource allocation mode 2.
· Note: Taking Rel-14 as the baseline does not preclude introducing a new solution to reduce power consumption for the cases where the baseline cannot work properly.
· This work should consider the impact of sidelink DRX, if any.
In this contribution, we provide our views on the sidelink resource allocation procedure for power saving for vulnerable road user and commercial D2D. 

Discussion
Vehicular UEs is assumed to be “always on” with no battery constraint and hence the NR Rel-16 Sidelink operation focused on sensing and resource allocation mechanism considering Vehicular UEs i.e., V2X services. In order to support battery constraint sidelink devices like Vulnerable Road User (VRU), commercial D2D devices and UEs supporting Public safety applications simplified resource allocation mechanism considering power saving mechanism is needed. 
Scenarios to be considered in Vulnerable Road Users  
The following type of road users such as pedestrian, scooters/motorcycle, e-bikes, bicycles are considered as Vulnerable Road Users (VRU), where application running in the VRU extends the safety awareness in by broadcasting their position/trajectory information periodically to the neighborhood. The VRU equipment can be classified according to their capabilities like the following:
· VRU Transmitter: Devices equipped only with transmitter (no receiver) for periodically broadcasting VRU awareness message (VAM)
· VRU Receiver: Devices equipped only with a receiver that can display warning messages to VRU using human machine interface. VRU application can act upon receiving awareness message from others 
· VRU Transmitter/Receiver: Devices equipped with both transmit and receive functionality    

The mobile VRU device can be either stand-alone (e.g. a smartphone), a device integrated in the VRU vehicle (bicycle, motorcycle) or a tethered / connected device (sensors in the vehicle, communication using smartphone; attached via cable or connected via Bluetooth/Wi-Fi). The resource allocation methodology may differ based on the capability of the VRU equipment. For example, sidelink device for a VRU supporting only the transmit functionality may perform only random resource selection in a resource pool, whereas a sidelink device capable of both transmit and receive may perform partial sensing mechanism as specified in LTE Rel-15. NR Sidelink enhancement for Rel-17 can take both random resource selection and partial sensing as the baseline for studying resource allocation mechanism for various VRU use cases.  
 
Proposal 1: NR Sidelink for Rel-17 should consider following UE capabilities for defining resource selection methodology 
a) VRU equipped only with transmitter 
b) VRU equipped with both transmitter and receiver 

The message specified for the VRUs awareness (VAM) is like the existing Cooperative Awareness Messages (CAM) defined in ETSI EN 302 637-2. The transmission of the VAM is limited to the VRU profiles such as pedestrian, scooters, e-bikes, bicycle etc., The data elements in the VAM includes VRU identifier, VRU position, Generation time, VRU profile, VRU Type, VRU speed, VRU direction, VRU orientation, Predicted Trajectory, Predicted Velocity, Brake indicator.  
In Rel-15 LTE V2X, sidelink operating mode 4 is optimized for saving power in the sidelink pedestrian devices, by introducing partial sensing and random resource selection for Pedestrian-to-Everything (P2X) which includes only P2V in LTE Rel-15. Pedestrian UE supporting transmission only capability perform random resource selection in a separate resource pool. While pedestrian UE supporting both transmission and reception functionality perform partial sensing by decoding SCI and estimating RSSI provided by the LTE V2X Rel-15 partial sensing parameter gapCandidateSensing containing bitmap of slots for which partial sensing is performed.    
Observation 1:  LTE V2X Rel-15 communication type is limited only to Pedestrian to Vehicle (P2V) communication
Following type of communication profile for VRU should be supported in the NR V2X ecosystem: VRU to VRU, VRU to Vehicle and vice versa, VRU to infrastructure and vice versa, where the infrastructure can be a Roadside Unit. RSU equipped with sensors, cameras can have a role for collision monitoring to avoid collision in a road intersection and road crossing. 
Proposal 2: NR Sidelink for Rel-17 considers each of the following communication scenario for resource allocation optimization for VRU: 
a) VRU to VRU, 
b) VRU to Vehicle, 
c) Vehicle to VRU, 
d) VRU to Infrastructure,
e) Infrastructure to VRU 

Traffic type for Vulnerable Road User 
The message specified for the VRUs awareness (VAM) is like the existing Cooperative Awareness Messages (CAM) defined in ETSI EN 302 637-2. The transmission of the VAM is limited to the VRU profiles such as pedestrian, scooters, e-bikes, bicycle etc., 
Vulnerable road user use case is like collision avoidance with other VRU like powered two wheelers and Vehicles while crossing the road or at intersection can have a latency requirement of 100ms, message periodicity of 100ms to 1sec with a reliability of 99.9% with a communication range between 100 to 500m. 
Proposal 3: NR Sidelink for Rel-17 considers following VRU communication requirement for study:
· periodicities for the transmission of VAM is 100ms to 1sec with a latency requirement of 100ms, 
· Reliability of 99.9% and 
· Communication Range between 100 to 500m.

RAN1 should further consider to study on the supported cast type (Broadcast, Groupcast, Unicast) for VRU and about supporting connection-less/connection-oriented transmission for groupcast transmission.  
Proposal 4: RAN1 should study on the supported cast type (Broadcast, Groupcast, Unicast) for VRU, while the RAN1 study should prioritize the solution for the transmission and reception of VAM  

Random resource selection and partial sensing 
In legacy D2D/V2X communication, random selection is designed to select transmission resource in exceptional pool, but its reliability may not meet the demands of NR traffic. To reduce the collision probability of resource selection for P2V transmission and power sensitive commercial UE, introducing and enhancing the partial sensing mechanism for NR sidelink is necessary. 
Proposal 5: Introduce and enhance partial sensing mechanism for NR sidelink.

In RAN1#103e, following agreements were achieved:
	
Agreements:
· Partial sensing based RA is supported as a power saving RA scheme
· FFS details
· Random resource selection is supported as a power saving RA scheme
· FFS any changes or enhancement
· FFS on conditions to apply random resource selection

Agreements:
· In R17, a SL Mode 2 Tx resource pool can be (pre-)configured to enable full sensing only, partial sensing only, random resource selection only, or any combination(s) thereof
· FFS details, including usage, potential restrictions, whether/how any enhancement or condition is needed for the coexistence of full sensing and power saving RA scheme(s) in a same resource pool, etc.

Agreements:
· Re-evaluation and pre-emption checking are not supported by UEs that do not perform any sensing (i.e. PSCCH reception)
· Re-evaluation and pre-emption checking are supported by UEs that perform sensing
· FFS details and any conditions(s) in which re-evaluation and pre-emption can be performed
· FFS whether/how re-evaluation and pre-emption can be supported by UEs performing random resource selection that do perform sensing
· Note: details about sensing in this context, including when it is performed, are not decided yet.





In NR V2X, the traffic type includes both on periodic traffic on aperiodic traffic. Since the transmission pattern of the aperiodic traffic is not predictable, it may not be sensed by UE. Therefore, it is very likely for the aperiodic transmission to collide with resource selected based on sensing for V2X sidelink communication, particularly for partial sensing based P2X related sidelink communication.
The period of NR periodic traffic can one of {1:99 ms,100 ms,200 ms, 300 ms, 400 ms,500 ms, 600 ms ,700ms, 800ms, 900 ms,1000 ms}. The LTE partial sensing is designed based on smallest period of 100ms (for 20ms/50ms period the resource reservation is scaled). Due to much more short resource reservation period and aperiodic traffic in NR, the probability of resource collision between V-UE and P-UE will be increased if LTE scheme is adopted. To reduce the probability of resource collision one addition sensing part can be introduced beside the partial sensing window designed as in LTE partial sensing. The additional sensing range is based on the selection of Y slots as defined in LTE partial sensing.
n
T0
sensing window
Tproc,0
T2, T2min≤T2≤remaining PDB
Y slots
selection window

Proposal 6: The legacy partial sensing mechanism needs to be enhanced for both periodic traffic and aperiodic traffic.

Besides sensing mechanism, resource re-evaluation was introduced in NR V2X. For the power sensitive UE who performs partial sensing, whether re-evaluates the selected resource needs be further discussed.
Option 1: the selected resource is based on short-term sensing and it can avoid the collision with aperiodic traffic to some extent but may difficult to avoid the long-term period resource reservation.

Option 2: the selected resource is based on long-term partial sensing and it can avoid the collision with periodic traffic, but it may be further re-evaluated to avoid the collision with aperiodic traffic same as the resource re-evaluation motivation in NR V2X.

Proposal 7: Define a new short-term sensing window and/or reuse/enhance resource re-evaluation mechanism for power sensitive UE.

When re-evaluating the selected resource for partial sensing UE, the resource re-evaluation window should consider the following cases:
Case 1: The resource selection is triggered (at time slot n) after the partial sensing window boundary as shown in figure 2-1. The resource re-evaluation mechanism can be same as existing resource re-evaluation mechanism. And the resource re-evaluation sensing window is starting after the resource selection timeslot n, until resource re-evaluation occurring at time slot m-T3.
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Figure 2-1, resource selection is triggered after the partial sensing window boundary

Case 2: The resource selection is triggered (at time slot n) before the partial sensing window boundary as shown in figure 2-2. In this case, Rx UE do not perform reception between the resource selection timeslot n and partial sensing window boundary. That is, the resource re-evaluation window may be starting from partial sensing window boundary, until resource re-evaluation occurring at time slot m-T3. The resource re-evaluation performance is decreased due to less re-evaluation duration. Hence, whether the performance degradation is acceptable or advances the starting point of resource re-evaluation window to time slot n, can be considered.

[image: ]
Figure 2-2, resource selection is triggered before the partial sensing window boundary

Proposal 8: To consider resource re-evaluation performance for partial sensing UE.

For short term sensing and partial sensing-based resource re-evaluation, the time length of sensing window is limited. So the received resource reservation indication information in limited reception duration may be not long enough to detect resource reservation with various period. So to design additional resource reservation indication/signaling, which is transmitted in the limited reception duration, can be considered including its time/frequency resource location or physical channel. 
Proposal 9: To design additional resource reservation indication/signaling for collision avoidance.

Besides introducing extended sensing duration for power-sensitive UE to identify resources reserved by aperiodic traffics, alignment among resource selection windows from multiple power-sensitive UEs can be considered. On one hand, such aligned resource selection area can be designed to reduce selection opportunities, or even prevent selection, for aperiodic traffics from UE other than power-sensitive UE. Hence, it is beneficial to decrease impact on P2X traffics from aperiodic traffics. On the other hand, such aligned resource selection area can facilitate mutual communication among power sensitive UEs with considerably low power consumption for sensing. To this end, the following issues can be studied:
· How to define resource selection windows in a given resource pool for alignment purpose;
· How to configure the information of resource selection windows to UE;
· How to select and share resource selection window(s) among UEs.
Proposal 10: To consider alignment of resource selection windows among UEs for supporting SL Tx/Rx performed in a power saving manner.

Further, cooperative feature among UEs can be exploited to facilitate resource allocation based on partial sensing while guaranteeing power saving for UE. The cooperation among UEs can be done by sharing of sensing results from other UE (such as V-UE) to VRU.  Thus, a set of rules and configurations are needed in order to enable sharing of sensing results among UEs. 
RSU can assist VRU with the resource selection mechanism by providing feedback on the resource occupancy status in a resource pool or subset of candidate resource in a resource pool for transmission thereby minimizing the effort of VRU on sensing procedure.
Proposal 11: Mechanism of sensing result sharing by RSU or other UE can be considered for VRU to achieve power saving.

Impact of sidelink DRX on resource allocation

	Resource allocation enhancement:
· Specify resource allocation to reduce power consumption of the UEs [RAN1, RAN2]
· This work should consider the impact of sidelink DRX, if any.
Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE



As mentioned in WID scope, DRX mechanism will be introduced for NR sidelink, it can be designed not only for communication between vehicle UE and pedestrian UE but also for the communication among multiple commercial UEs. DRX configuration and alignment mechanism will be studied by RAN2, but from RAN1 perspective, there may have some potential impacts on RAN1. 
For example, in mode 1, sidelink Tx UE follows the scheduling from network. RAN1 needs to evaluate whether existing time gap indication in DCI can ensure that the scheduled sidelink is transmitted in DRX on-duration of Rx UE and the time gap can be set based on network implementation. If not, additional improvement is needed. Also, in mode 2, the transmission resource is based on Tx UE autonomous resource selection. RAN1 needs to consider whether the resource selection/re-evaluation window should further determine based on the DRX on-duration of Rx UE, i.e., the sidelink transmission on selected resources should be transmitted within the DRX on-duration of Rx UE. Resource (re)selection is triggered when UE is not able to find any candidate resource for sidelink transmission within the DRX on-duration.
Proposal 12: To consider the potential impacts on RAN1 when DRX is introduced. For example, scheduling time gap and resource selection/re-evaluation.

For the sake of power saving, Rel-14 LTE sidelink partial sensing is introduced as baseline to Rel-17 NR sidelink resource allocation in mode 2. Since SL DRX is also designed for UE aiming at saving power, it is possible for both partial sensing and SL DRX to be configured for one UE simultaneously. Generally, DRX is a mechanism in which UE gets into sleep mode for a certain period of time (i.e. DRX OFF duration) and wakes up for another period of time (i.e. DRX ON duration). In the case of partial sensing, UE performs sensing within time duration defined by partial sensing window. On one hand, it leads to ambiguity for UE behavior when DRX OFF duration and partial sensing window overlap, or partially overlap, with each other. On the other hand, misaligned DRX ON duration and partial sensing window will extend sensing duration to UE and thus increase power consumption. To this end, a coordination is needed in order to provide UE procedure without ambiguity as well as to guarantee power saving for UE.
Proposal 13: For mode 2, when both partial sensing and SL DRX are configured for one UE simultaneously, coordination should be considered between the both mechanisms for the UE.

In LTE-V Rel-15 partial sensing configuration contain bitmap of sensing slots and with the introduction of SL DRX in NR SL Rel-17, the relation between partial sensing configuration defined in LTE-V Rel 15 and SL-DRX needs to be clarified. There could be two possible ways to handle relation between partial sensing configuration and SL-DRX configuration: In the first option, partial sensing configuration contains multiple DRX cycle configuration instead of bitmap of sensing slots so that UE performs sensing by monitoring and decoding SCI according to the multiple DRX configuration. While in the second option, UE can perform sensing only during their configured DRX active period and the partial sensing configuration is not provided for this case. If a UE requires more sensing duration, then a UE can also be configured with a separate DRX cycle configuration especially for the sensing purpose. 
Proposal 14:  Relation between partial sensing configuration and SL-DRX cycle configuration shall be discussed further.

When a UE-A is configured with more than one DRX cycle say DRX cycle A and DRX cycle B and UE-A is transmitting data to UE-B which is configured with DRX cycle B only, then UE-A performs sensing by monitoring and decoding SCI  for candidate resource selection for transmission to UE-B based on the common active period between UE-A and UE-B which in this case is the DRX cycle B. When UE-A receives resource (re)selection trigger common active period can be provided as one of the higher layer parameter for candidate resource selection to UE-B and then lower layer of UE-A should report candidate resource set that are within the common active period. 
Proposal 15: UEs performs candidate resource selection considering common active period.

Power saving benefit of entering early DRX sleep within the DRX on-duration/active period when there is not enough data for transmission/reception should be investigated through any signaling enhancement in SCI. As an example, Tx UE may transmit no more data to be transmitted to a destination using go-to-sleep indication to Rx UEs as an assistance message to make the Rx UEs enter the DRX Sleep state earlier. 
Proposal 16: RAN1 study on the transmission of assistance indication like go-to-sleep to aid Rx UE(s) enter early DRX sleep state.

Cross slot scheduling enhancement in the sidelink can be introduced for power saving purpose by indicating the time slot offset between 2nd SCI and data from that of 1st SCI. Sidelink UE does not need to decode as well as buffer the 2nd SCI and data if it is not the intended recipient of the data. As an example, 
an information present in the 1st SCI provide information on the intended recipient of the message like P2P or P2P and accordingly Rx UE decide to buffer and decode the 2nd SCI and data
Proposal 17: RAN1 study the cross-slot scheduling enhancement for power saving purposes. 

Agreements:
· Further study congestion control based on CBR and CR for power saving RA schemes
· Identify necessary changes from R16 CBR/CR (if any), including transmission resource selection and transmission parameters that can be adjusted and applicable to power savings RA schemes
· Note: this is not intended to require all UEs to perform sensing for the purpose of CBR measurement

RAN2 is currently discussing on how DRX cycle can be (pre)configured to UEs which in one option shall be based on the PQI value. When many UEs tries to transmit in an active period of a DRX cycle results in congestion mechanism for that active period. Hence the congestion mechanism introduced in NR Rel-16 should be modified to detect the congestion mechanism in each DRX cycle active period. The relation between CBR measurement window and DRX can be defined in two ways: in the first option the CBR measurement window can be aligned with each of the DRX cycle and in the second option, CBR measurement window can include active periods from more than one DRX cycle. The first option can detect the congestion in each active period of a DRX cycle accurately. Similar mechanism should be adopted for reporting CR.  Congestion control mechanism of restricting PSSCH/PSCCH TX parameters is performed per active period of a DRX cycle. Finally, reconfiguration of sidelink DRX offset, on-duration for UEs in an active period of a DRX cycle are also possible based on the CBR/CR measurement.
Proposal 18: Relation between CBR measurement window and active period of a DRX cycle should be discussed and detection of congestion for each active period shall be defined. 
Proposal 19: Restriction of transmission parameter based on the CBR measurement is performed per active period of a DRX cycle.

Conclusion
In this contribution, we discuss the resource allocation mechanisms for power saving. We have the following proposals:
Proposal 1: NR Sidelink for Rel-17 should consider following UE capabilities for defining resource selection methodology 
a) VRU equipped only with transmitter 
b) VRU equipped with both transmitter and receiver 
Observation 1:  LTE V2X Rel-15 communication type is limited only to Pedestrian to Vehicle (P2V) communication
Proposal 2: NR Sidelink for Rel-17 considers each of the following communication scenario for resource allocation optimization for VRU: 
a) VRU to VRU, 
b) VRU to Vehicle, 
c) Vehicle to VRU, 
d) VRU to Infrastructure,
e) Infrastructure to VRU 
Proposal 3: NR Sidelink for Rel-17 considers following VRU communication requirement for study:
· periodicities for the transmission of VAM is 100ms to 1sec with a latency requirement of 100ms, 
· Reliability of 99.9% and 
· Communication Range between 100 to 500m.
Proposal 4: RAN1 should study on the supported cast type (Broadcast, Groupcast, Unicast) for VRU, while the RAN1 study should prioritize the solution for the transmission and reception of VAM  
Proposal 5: Introduce and enhance partial sensing mechanism for NR sidelink.
Proposal 6: The legacy partial sensing mechanism needs to be enhanced for both periodic traffic and aperiodic traffic.
Proposal 7: Define a new short-term sensing window and/or reuse/enhance resource re-evaluation mechanism for power sensitive UE.
Proposal 8: To consider resource re-evaluation performance for partial sensing UE.
Proposal 9: To design additional resource reservation indication/signaling for collision avoidance.
Proposal 10: To consider alignment of resource selection windows among UEs for supporting SL Tx/Rx performed in a power saving manner.
Proposal 11: Mechanism of sensing result sharing by RSU or other UE can be considered for VRU to achieve power saving.
Proposal 12: To consider the potential impacts on RAN1 when DRX is introduced. For example, scheduling time gap and resource selection/re-evaluation.
Proposal 13: For mode 2, when both partial sensing and SL DRX are configured for one UE simultaneously, coordination should be considered between the both mechanisms for the UE.
Proposal 14:  Relation between partial sensing configuration and SL-DRX cycle configuration shall be discussed further.
Proposal 15: UEs performs candidate resource selection considering common active period.
Proposal 16: RAN1 study on the transmission of assistance indication like go-to-sleep to aid Rx UE(s) enter early DRX sleep state.
Proposal 17: RAN1 study the cross-slot scheduling enhancement for power saving purposes.
Proposal 18: Relation between CBR measurement window and active period of a DRX cycle can be discussed and detection of congestion for each active period shall be defined. 
Proposal 19: Restriction of transmission parameter based on the CBR measurement is performed per active period of a DRX cycle.
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