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Introduction
[bookmark: _GoBack]The work item for NR sidelink enhancement was approved in RAN#86 and revised in RAN#90e [1]. The following objectives were identified in relation to resource allocation enhancements to reduce power consumption:

	The objective of this work item is to specify radio solutions that can enhance NR sidelink for the V2X, public safety and commercial use cases.
2. 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.



This contribution discusses aspects to reduce the power consumption of the vehicular users performing resource allocation for sidelink mode 2 UEs. First, improvements on Rel-14 sidelink random resource allocation and partial sensing are discussed, followed by new solutions for power efficient resource allocation.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Ref494465620]

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
In order to reduce the power consumption of battery-based UEs, e.g. P-UEs, two procedures introduced in Rel-14 should be considered as the baseline, i.e. random resource selection and partial sensing. 
As these procedures were specified for periodic broadcast traffic in Rel-14, the support of aperiodic traffic in NR sidelink, along with periodic traffic, coupled with the requirements for enhanced reliability and low latency may demand enhancements. Therefore further adaptations to both procedures should be discussed, considering the impact of the increasing aperiodic traffic and other new features in Rel-17, e.g. the introduction of DRX, inter-UE coordination, and sidelink relaying.
Since the WID targets new solutions for UEs demanding reduced power consumption, we explore additional options to make communication more power efficient for battery-based UEs by leveraging RAN2 mechanisms. This can be achieved by applying relaying, inter-UE coordination, or based on the P-UE location.
These topics are also handled by RAN1, and are discussed in our accompanying contribution [2].

Random Resource Selection 
According to the WID [1] random resource selection, as introduced in LTE Rel-14, is considered for the P-UE to reduce power consumption. 
In case of random resource selection, a battery-based UE does not perform sensing, but randomly selects resources for its intended transmission(s). Random resource selection was performed by the UE in LTE, either in case the sensing information was not available, or only transmission but no reception on the sidelink was possible or expected, thereby eliminating the power consuming sensing and reception procedures. For example, a P-UE may broadcast safety-related V2X messages on the sidelink to other V2X UEs in its proximity in the configured resource pool. However, this gain in power saving is achieved at the cost of a higher risk of transmission collisions compared to sensing-based resource selection.
[bookmark: _Toc53583396][bookmark: _Toc53955312]Random resource selection procedure is expected to reduce power consumption for P-UEs at the cost of a higher risk of transmission collisions compared to sensing-based resource selection.
In LTE-V2X, there are two options to configure resource pools for P-UEs. First, a resource pool can be shared between P-UEs and V-UEs, i.e., using the resource pool v2x-CommTxPoolNormalCommon-r14. Second, a dedicated resource pool for P-UEs can be configured, i.e., p2x-CommTxPoolNormalCommon-r14. However, a dedicated resource pool for P-UEs may degrade the system performance due to resource pool fragmentation. On the other hand, sharing a resource pool between P-UEs and V-UEs may affect the V-UE and P-UE performance, for example, when V-UE and P-UE apply different resource selection schemes.
Based on the RAN1 #103-e agreement [3] for 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), where the usage and potential restrictions, also related to power saving RA scheme(s) are FFS. In addition, according to the agreements in the Chairman’s notes of RAN1#104-e [4], random resource selection was agreed to be applicable to both, periodic and aperiodic transmissions, where the conditions for random resource selection are for FFS. In RAN1 #105-e [5] it was further agreed to study the impact of resource collision when random resource selection is performed by a UE, which does not perform sensing / re-evaluation and pre-emption checking in a resource pool with mixed RA schemes (e.g. for low priority or any priority transmissions).
The raising number of P-UEs will lead to more UEs performing random resource selection. This may cause an increasing risk of collision, which cannot be easily mitigated. Dedicated resource pools for random resource selection could be configured to mitigate resource collision to meet the required QoS. 
NR Sidelink should consider dedicated resource pools for random resource selection to mitigate collisions.
One example to further reduce the collision probability is to consider conditions when to use dedicated resource pools for random resource selection. For example, whenever the periodic traffic load exceeds a (pre-) defined threshold, random resource selection could consider dedicated resource pools for random resource selection only. 
Random resource selection should consider dedicated resource pool(s) based on the percentage of periodic traffic load.

Partial Sensing-based Resource Allocation
The second method proposed by the WID [1] as a baseline for power saving is partial sensing, introduced in Rel-14 LTE V2X for P-UEs. For Rel-17, further enhancements could be beneficial by adapting the partial sensing mechanism in line with the NR Rel-17 sidelink functionality as currently under discussion in RAN1 [4].
One major aspect to be considered for Rel-17 is the different types of traffic expected for LTE and NR sidelink for P-UEs. Different to LTE with dominant periodic traffic, increasing aperiodic traffic is expected on the NR sidelink, e.g. also to support commercial use cases. Therefore, the partial sensing procedure should be enhanced, allowing shorter sensing periodicities in line with more flexible traffic periodicities defined in NR V2X.
Details on partial sensing are expected to be provided by RAN1. Further discussions on partial sensing are provided in our accompanying RAN1 contribution [2].
Additionally, DRX is considered to be introduced in Rel-17, which should also be considered in the design of partial sensing for P-UEs.
[bookmark: _Toc53057469]RAN2 to consider adapting LTE Rel-14 partial sensing-related parameters, considering the more flexible periodicity in traffic in NR.

Relaying for Battery-Based UEs
In a sidelink communication between two UEs, the transmission power of the transmitter UE should be adapted to the channel conditions and received signal strength at the receiver UE. In poor channel conditions, when a high interference level exists at the receiver side or the received signal strength has dropped dramatically due to fading, the QoS requirement of the sidelink transmission might not be fulfilled. A possible solution could be to increase the transmission power, resulting in higher power consumption of the transmitter UE, which at the same time reduces the lifetime of battery-based UEs. Relay-based communication is seen as a solution to fulfill the requirements of a sidelink transmission without increasing the transmission power at a transmitter UE.  In case of a relay-based communication, a transmitter UE might reduce its transmission power since the relay UE is selected from a set of candidate relay UEs located closer to the transmitter UE than the receiver UE. Additionally, UEs which are at the edge of a cell might reduce their transmission power to save energy, in case the uplink transmission is assisted by a relay UE.  
 A battery-based UE might consume a significant amount of its battery by increasing the transmission power to fulfill the QoS requirements under poor radio conditions.
Relay-based communication might be considered as a solution to save energy for battery-based UEs.

Energy Saving Using Inter-UE Coordination
The Rel-17 WID [1] describes enhancements of mode 2 resource selection using inter-UE coordination as one objective. Applying inter-UE coordination, a UE-A may indicate a set of radio resources to another UE-B which it may take into account for its own resource selection. Different reasons might trigger inter-UE coordination. For example, when a UE-B is battery-based, and configured for partial sensing or random selection, UE-B could then reduce the sensing duration or avoid sensing altogether, and exploit the resources indicated by UE-A. Reducing or avoiding sensing, UE-B is expected to reduce its power consumption. 
RAN2 to consider inter-UE coordination as a means to reduce power consumption by reducing or avoiding sensing, where a UE receives resources that it can use for its own transmission.

Location-based Power Saving
Rel-17 is targeted at P-UEs, public safety UEs, and commercial use cases that require power consumption to be minimized. One way to reduce power consumption could be that these particular UEs actively transmit and receive only when in certain defined locations. For example, P-UEs are required to be active, while close to roads and intersections, and not when indoors as shown in Figure 5. Similarly, public safety UEs need to be active only when at emergency locations, and not otherwise.
In order to take advantage of this feature, it is possible to restrict a P-UE’s activity based on its location. By defining pre-configured locations or regions, these UEs need to wake up and carry out transmissions only when they are within these regions. It is also possible to utilize the DRX feature to wake up more often in these regions, as well as combine it with assisted resource allocation, in order to maximize the power saving capabilities.
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Figure 5: Depiction of active and inactive P-UEs based on their location – active outdoors, inactive indoors.

Since P-UEs are expected to be active based on their location, it should be evaluated how to enable these UEs to wake up and carry out transmissions only when they are in some specific locations.

Conclusion
The following observations have been made in this document:
Observation 1:		Random resource selection procedure is expected to power consumption for P-UEs at the cost of a higher risk of transmission collisions compared to sensing-based resource selection. 
Observation 2:		A battery-based UE might consume a significant amount of its battery by increasing the transmission power to fulfill the QoS requirements under poor radio conditions.


The following proposals have been made in this document:
Proposal 1:		NR Sidelink should consider dedicated resource pools random resource selection to mitigate collisions.
Proposal 2: 	 	Random resource selection should consider dedicated resource pool(s) based on the percentage of periodic traffic load
Proposal 3:		RAN2 to consider adapting LTE Rel-14 partial sensing-related parameters, considering the more flexible periodicity in traffic in NR.
Proposal 4:		Relay-based communication might be considered as a solution to save energy for battery-based UEs.
Proposal 5:		RAN2 to consider inter-UE coordination as a means to reduce power consumption by reducing or avoiding sensing, where a UE receives resources that it can use for its own transmission.
Proposal 6:		Since P-UEs are expected to be active based on their location, it should be evaluated how to enable these UEs to wake up and carry out transmissions only when they are in some specific locations.
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