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Introduction
A new WI for Rel-17 on NR sidelink enhancement has been approved at RAN#86 and revised in RAN#88 [1]. Objective 2 of the WI is related to resource allocation enhancements. One of the objectives is to reduce power consumption for UEs.
· 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.

The power saving feature is expected to be required for battery-based UEs, for example, pedestrians and cyclists as well as public safety UEs using V2X applications. In this contribution, we discuss approaches for power saving on NR sidelink based on principles from Rel-14 LTE sidelink, as well as on new solutions, which leverage mechanisms introduced in NR Rel-16.

Drawbacks of Baseline Principles
In order to cater to power constrained UEs in LTE Rel-14, two procedures were introduced to reduce the power consumption – random resource selection and partial sensing. Although these procedures worked to a large extent for Rel-14, the introduction of support for aperiodic traffic, along with periodic traffic, coupled with the requirements for enhanced reliability and low latency would make the use of these procedures directly challenging. This section discusses the drawbacks of the baseline procedures when carrying it forward to NR V2X.
Random Resource Selection without Sensing
As described in the WID [1], it is proposed that the principle of LTE V2X random resource selection can be considered as a baseline for power saving at the UE, e.g., pedestrian UE, to reduce the overall power consumption. Random resource selection is the procedure where a power saving UE does not carry out sensing, but randomly selects resources for its intended transmission in the configured resource pool. It was especially beneficial in LTE when power-saving UEs were expected to only transmit, and not receive, thereby eliminating the power-consuming sensing and reception procedures. For example, a power saving UE may broadcast on the sidelink safety-related V2X messages to other V2X UEs in proximity in the configured resource pool. However, this gain in power saving is achieved at the cost of a high risk of resource collisions. It can also trigger resource re-evaluation in other UEs since these UEs have determined that the resource that they have reserved have been taken up by a power saving UE.
[bookmark: _Toc53583396][bookmark: _Toc54010306]Random resource selection procedure causes collisions impacting UE resource selection.

Partial Sensing-based Resource Selection
Another power-saving method specified in the LTE V2X resource selection procedure is partial-sensing. It allows power-saving UEs to perform sensing less frequently and for defined time intervals, resulting in power saving compared to full sensing performed by UEs.  
In LTE V2X, periodic traffic is dominant, and thus a power-saving UE triggers resource selection at every time interval. A UE determines a set of subframes , where y = 1, 2,..,Y, within the resource selection window, .  The time interval between two consecutive time resource selections is scaled by the step size   which for FDD is set to 100ms. The monitored subframes are determined by if the k-th bit of the higher layer parameter gapCandidateSensing is set to 1. The relationship between the candidate resources and sensing subframes is shown in Figure 1.
[image: ]
Figure 1: Partial sensing principle in LTE.
However, the introduction of different periodicities of varying step sizes pose a significant challenge to the partial sensing mechanism. The step size of 100ms worked well for LTE V2X due to the fact that the traffic was predominantly periodic and the possible periodicities were defined in steps of 20ms, 50ms or multiples of 100ms. NR V2X supports traffic with different periodicities between 1 to 99 and 100 to 1000 with a step size of 100. This would render a fixed step size unusable for the different configurable periodicities. The bitmap used to restrict the subframes in which the UE carries out sensing is defined by the higher layers, and is not flexible enough to cater to the different requirements of NR V2X.
Another issue is if the periodic sensing window does not overlap with the sensing window of the UE for an intended transmission, the UE will have to wait until such an overlap occurs. This could cause long delays between transmissions due to the restricted sensing window. This issue is amplified by the introduction of aperiodic traffic in conjunction with periodic traffic in NR V2X. This makes the partial sensing procedure quite rigid and would be detrimental to the latency requirements of the transmission.
[bookmark: _Toc54010307][bookmark: _Toc53583398]Partial sensing in LTE V2X is designed for periodic traffic only. 
[bookmark: _Toc53583399][bookmark: _Toc54010308]Sensing over shorter periods of time results in inadequate sensing information, resulting in resource collisions. This results in increased latency since the UE cannot find available resources to transmit in time.
[bookmark: _Toc43290706][bookmark: _Toc43290707][bookmark: _Toc43290708][bookmark: _Toc43290709]Possible Solutions for Power Saving 
Based on the observations made, we delve into the possible solutions in order to enable the UE to save power.
Enhanced Partial Sensing
Since the disadvantages of partial sensing were discussed in the previous section, we explore the possibilities of adapting the partial sensing mechanism to better suit Rel-17 sidelink operations.
Shortened Sensing Periodicities
One of the main disabilities of the existing partial sensing mechanism is its restrictions on the step size defined for sensing. NR-V2X supports traffic with different periodicities between 1 to 99ms and 100, 200, 300, 400, 500, 600, 700, 800, 900, and 1000, indicated by the resource reservation interval.  
Due to the extensive resource reservation periodicities in NR, the probability of resource collision between vehicular users and the power-saving users will be increased if the LTE scheme is adopted. For example, if   is reused, the periodic reservation with finer granularity would not be monitored by P-UE, i.e., (1:99), which results in a collision. Therefore, partial sensing related parameters should be reconsidered and adapted to suit the new periodicities in NR V2X.
[bookmark: _Toc54010331]LTE V2X partial-sensing parameters should be adapted for NR sidelink to suit new periodicities in NR V2X.

Reduced Adaptive Sensing
Another issue with the existing partial sensing mechanism is its rigidity due to the fixed sensing sub-intervals defined using the configured bitmap gapCandidateSensing. Given that the partial sensing mechanism should cater to both periodic traffic, with varying periodicities, and aperiodic traffic, adaptive partial sensing windows with varying sensing intervals could be introduced in NR Rel-17.
In Rel-16, TRIV and FRIV parameters in the SCI were used to reserve resources for retransmissions, and the resource reservation period parameter was used to indicate the periodicity for periodic traffic [2]. Using these parameters, a UE can adapt its partial sensing window to estimate the probable resource reservations and identify occupied resources. This would allow the UE to carry out sensing over shorter intervals of time and would be capable of predicting the sensing information in missed time slots using the resource reservations. These shortened sensing windows can be defined as short continuous bursts across time slots or discontinuous over a longer period of time. The same can be done across frequency, resulting in a shortened sensing frequency regions that can be contiguous or discontiguous across the resource pool.
As shown in Figure 2, a shortened sensing window can deduce the resource reservations for retransmissions, using the TRIV index, and the reserved resource for periodic transmissions, using the resource reservation period, both of which are provided in the SCI. Periodic repetition of these shortened sensing windows would provide the UE with enough sensing information to predict the sensing information in the time slots where it does not carry out sensing.
Depending on the UE's need to save power and the amount of sensing information needed for successful transmissions, a trade-off can be made by the UE by identifying an ideal sensing detection rate. The detection rates can be mapped to the sensing window sizes and their periodicities. For example, a higher detection rate would mean that the UE carries out sensing more often, but at the expense of saving power, and vice versa. Multiple such detection rates can be configured, and selected in a per resource pool manner, so that the sensing intervals selected by a UE is known to other UEs using the resource pool. This would ensure that all UEs using the resource pool are aware of the sensing intervals of the power saving UEs, and can accordingly transmit to each other.
[image: ]
Figure 2: Depiction of shortened sensing windows using TRIV/FRIV and resource reservation period.
[bookmark: _Toc54010332]We propose to introduce reduced adaptive sensing windows with varying sensing intervals across time and frequency to enhance the UE's capability to save power as well as achieve adequate sensing results for successful transmissions.

[bookmark: _Toc53583366][bookmark: _Toc53583410][bookmark: _Toc53746144][bookmark: _Toc53746165]Sidelink DRX
One of the objectives of the Rel-17 WID [1] is the introduction of SL DRX, which should enable a UE to configure discontinuous reception on the sidelink based on RAN2 inputs. Having DRX on NR sidelink allows power-saving UEs to use the battery more efficiently. DRX operation facilitates UE power reduction through RF chain circuit ON/OFF switching, where UEs can receive only during the ON duration of the DRX cycle to save power. 
For SL DRX to work efficiently, the DRX configurations between the gNB and the UEs need to be aligned when operating in Mode 1. Similarly, in Mode 2, DRX alignment is required between UEs to transmit to and receive from each other. Another essential aspect of SL DRX is the alignment between partial sensing windows and the SL DRX durations. In this case, the sensing windows and the DRX ON durations need to be aligned for UEs to successfully carry out the sensing and resource (re-)selection procedure while at the same time conserving power. The alignment aspects of DRX for the gNB and other UEs over sidelink are explored in our accompanying contribution [3].
Another challenge with using SL DRX is the reduced sensing time a UE has to determine resources for its transmissions. Having intermittent ON/OFF durations might affect the ability of UEs operating in Mode 2 to reliably select resources as the UE's sensing duration is decreased. Therefore, a trade-off between the reliability requirements and power saving needs to be considered such that the UEs can adapt sleep and awake timing depending on the required reliability of the use cases.
Other physical layer procedures, e.g., re-evaluation and resource selection procedures, might be affected by DRX configurations. Hence, the physical layer impact should be investigated for the resource selection procedure, re-evaluation, and partial-sensing timing, when SL DRX is configured.  
[bookmark: _Toc53928603][bookmark: _Toc54010309]SL-DRX configuration impact on the sidelink physical layer procedures, e.g., partial sensing and transmission alignment, needs to be investigated.
[bookmark: _Toc53583368][bookmark: _Toc53583412][bookmark: _Toc53746146][bookmark: _Toc53746167]Wake-up signal (WUS) and Go to Sleep (GTS) Signaling 
A signaling mechanism is essential in the sidelink to alter the power-saving UE state from wake-up to sleep mode and/or vice versa. One way to achieve this is that a transmitter UE sends a signaling signature before data transmission. The receiver UE then receives the signaling and wakes up to retrieve the transmitted data. This way, the packet reception can be ensured at the receiver side while power consumption is minimized.
Alternatively, in the case where the receiver UE is in DRX ON duration, the transmitter UE can send a Go to Sleep signal to enforce the receiver UE to go to sleep mode when it is not ready to transmit the data. This mechanism aids energy saving at the receiver UE.
[bookmark: _Toc53746000][bookmark: _Toc53746081][bookmark: _Toc54010333]DRX mechanisms such as Wake-up and Go-to-Sleep signaling should be specified for UE power saving in Rel-17 NR sidelink.

Assisted Resource Allocation
Apart from the power saving solutions based on LTE V2X, another aspect that could improve the power saving abilities of UEs is by using inter-UE coordination.
Inter-UE coordination can be used by RSUs, group lead UEs within groups, or even another UE to provide a set of resources to power constrained UEs in order to use these resources for their own transmissions. These resources could be a pool of reserved resources from which the UEs can select randomly or specific resources that UEs can directly use for their transmissions. These UEs can also merge their limited sensing results with the assistance information received in order to determine the best available resources for their transmissions. 
These assistance messages can be triggered by request, as described in our accompanying contribution [4], based on which any of these assistance entities can transmit resources pro-actively. This would enable low power UEs to reduce, or skip entirely, the sensing and resource selection process, resulting in significant power saving gains.
[bookmark: _Toc53746003][bookmark: _Toc53746084][bookmark: _Toc53746004][bookmark: _Toc53746085][bookmark: _Toc54010334]We propose to utilize assistance information from assistance entities, providing a set of resources that power saving UEs can use for their resource selection procedure.

Location-based Power Saving
Rel-17 is targeted at VRUs, public safety UEs and commercial UEs that require power consumption to be minimized. These particular UEs are actively transmitting and receiving only when in a specific defined location. For example, pedestrian UEs are required to be active while close to roads and intersections and not when indoors. Similarly, public safety UEs need to be active only when at emergency locations and not otherwise.
In order to leverage this aspect, it is possible to restrict a power saving UE's activity based on its location. By defining pre-configured locations or regions, these UEs 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 in these regions and combine it with assisted resource allocation to maximize the power saving capabilities.
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Figure 3: Depiction of active and inactive P-UEs based on their location – active outdoors, inactive indoors.
[bookmark: _Toc54010335]Since power saving UEs are required to be active based on their location, we propose to enable these UEs to wake up and carry out transmissions only when they are in a pre-configured region.

Optimization of 1st Stage SCI
The two-stage SCI design was introduced so that the 1st stage SCI can be used by UEs to obtain sensing results, while the second stage SCI included relevant information for UEs to decode the transmission successfully. Currently, the intended receiver's destination ID is included only in the second stage SCI [2]. In order to further enhance this design, the reserved bits in SCI format 1-A can be used to include a portion of the destination ID. This would provide the receiver UE with the knowledge as to whether it is the intended receiver, and if it is not, it can discard the remainder of the transmission. It can avoid decoding the PSSCH entirely, resulting in power saving gains.
[bookmark: _Toc54010336] We propose to use the reserved bits in SCI format 1-A to indicate the destination ID, so that power saving UEs can avoid decoding transmissions that are not meant for the UE.

Operational Sidelink Bandwidth Adaptation
A SL-BWP is configured with different SL transmission and reception resource pools. Typically, UEs have to monitor all configured resource pools within an active SL-BWP. One way to reduce power consumption is that the power saving UEs indicate their preferred transmit and/or receive resource pools based on their functionalities. This way, UEs are not required to monitor the resource pools that are not configured, resulting in reduced power consumption. The resource pool configured to be used by power saving UEs can span only a smaller bandwidth within the active SL-BWP, and are defined at a system level, so that other UEs are also aware of the resource pools being used by low power UEs. This would enable other transmitter UEs to adapt their transmission bandwidth and use the configured resource pools for power saving UEs in order to ensure that these UEs can receive the data.   
[bookmark: _Toc54010337]Bandwidth adaptation of SL transmission/reception should be supported for power saving UEs.
 
Conclusions
The following observations have been made in this document:
Observation 1:	Random resource selection procedure causes collisions impacting UE resource selection.
Observation 2:	Partial sensing in LTE V2X is designed for periodic traffic only.
Observation 3:	Sensing over shorter periods of time results in inadequate sensing information, resulting in resource collisions. This results in increased latency since the UE cannot find available resources to transmit in time.
Observation 4:	SL-DRX configuration impact on the sidelink physical layer procedures, e.g., partial sensing and transmission alignment, needs to be investigated.
Based on the observations, the following are the proposals made:
Proposal 1:	LTE V2X partial-sensing parameters should be adapted for NR sidelink to suit new periodicities in NR V2X.
Proposal 2:	We propose to introduce reduced adaptive sensing windows with varying sensing intervals across time and frequency to enhance the UE' 's capability to save power as well as achieve adequate sensing results for successful transmissions.
Proposal 3:	DRX mechanisms such as Wake-up and Go-to-Sleep signaling should be specified for UE power saving in Rel-17 NR sidelink.
Proposal 4:	We propose to utilize assistance information from assistance entities, providing a set of resources that power saving UEs can use for their resource selection procedure.
Proposal 5:	Since power saving UEs are required to be active based on their location, we propose to enable these UEs to wake up and carry out transmissions only when they are in a pre-configured region.
Proposal 6:	We propose to use the reserved bits in SCI format 1-A to indicate the destination ID, so that power saving UEs can avoid decoding transmissions that are not meant for the UE.
Proposal 7:	Bandwidth adaptation of SL transmission/reception should be supported for power saving UEs.
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