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Motivation for Power Efficient Resource Allocation
3GPP has approved a follow up of the sidelink work item for Release-17 in [RP-201385] for sidelink enhancements. This has noted “power saving” and “Enhanced reliability and reduced latency” as the prime justifications in the justification section, as follows:
TSG RAN started discussions in RAN#84 to identify the detailed motivations and work areas for NR sidelink enhancements in Rel-17. Based on the latest summary in RP-192745, significant interest has been observed for the several motivations including the following:
· Power saving enables UEs with battery constraint to perform sidelink operations in a power efficient manner. Rel-16 NR sidelink is designed based on the assumption of “always-on” when UE operates sidelink, e.g., only focusing on UEs installed in vehicles with sufficient battery capacity. Solutions for power saving in Rel-17 are required for vulnerable road users (VRUs) in V2X use cases and for UEs in public safety and commercial use cases where power consumption in the UEs needs to be minimized.
· Enhanced reliability and reduced latency allow the support of URLLC-type sidelink use cases in wider operation scenarios. The system level reliability and latency performance of sidelink is affected by the communication conditions such as the wireless channel status and the offered load, and Rel-16 NR sidelink is expected to have limitations in achieving high reliability and low latency in some conditions, e.g., when the channel is relatively busy. Solutions that can enhance reliability and reduce latency are required in order to keep providing the use cases requiring low latency and high reliability under such communication conditions. 
From the work item of NR Sidelink enhancement [RP-201385], this document focuses on the resource allocation for power saving objective:
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.
· Study the feasibility and benefit of the enhancement(s) in mode 2 for enhanced reliability and reduced latency in consideration of both PRR and PIR defined in TR37.885 (by RAN#91), and specify the identified solution if deemed feasible and beneficial [RAN1, RAN2]
· Inter-UE coordination with the following until RAN#90.
· A set of resources is determined at UE-A. This set is sent to UE-B in mode 2, and UE-B takes this into account in the resource selection for its own transmission.
· Note: The study scope after RAN#90 is to be decided in RAN#90.
· Note: The solution should be able to operate in-coverage, partial coverage, and out-of-coverage and to address consecutive packet loss in all coverage scenarios.
· Note: RAN2 work will start after [RAN#89].

Following agreements were achieved at RAN1#103-e meeting.
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.

Decision: As per email decision posted on Nov.13th,
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.

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

Pre-emption protection for power saving UEs 
Power saving UEs may have some relaxed form of resource allocation. This could be based upon partial sensing based resource allocation or random resource allocation without any sensing. Rel-16 has standardized pre-emption procedure where a sidelink UE may perform re-evaluation prior to transmission over its reserved resource to evaluate if its indicated resource was pre-empted or not. In case of valid pre-emption by a UE with transmission priority higher than the self transmission, the UE may trigger resource (re-)selection to avoid colliding transmissions.
Power Saving UE acting as a Transmitter
When a sidelink transmission is made, there is a chance of collision with another sidelink transmission transmitted by a different UE. In addition, network is allowed to configure resource pools (RPs) where pre-emption is permitted. Independent of whether pre-emptions are allowed in a resource pool or not, the wireless medium with varying channel realizations and users in mobility will result in sidelink resources with collisions. This will result in sidelink UEs getting pre-empted or having colliding resources performing additional (re-)transmissions to reach a certain target quality of service (QoS). Additional (re-)transmissions increase the power consumption of the UEs, and can be seriously damaging for power saving UEs.
This document proposes that the transmissions made by power saving UEs are configured additional level of protection compared to the transmissions of normal UEs. This additional protection helps raise the achieved QoS for the transmissions made by power saving UEs. One simple way is to forbid the pre-emptions over the transmissions transmitted by a power saving UE.
Proposal 1:
The transmission resources reserved by power saving UEs are not pre-empted.
Power Saving UE acting as a Receiver
To reduce the power consumption for sidelink UEs, not only the transmission but the reception timings are also important. Thus, the reception time also needs to be minimized for power saving sidelink UEs to reduce their power consumption. For this reason when a normal sidelink UE transmits to a power saving UE and indicates a future reservation, following is possible. If there is no collision, the data is received at power saving UE without collision. In case another device chooses the same resource which was reserved to transmit to a power saving UE, there are following two possibilities. If a collision happens, the power saving UE will receive its data but the probability of successful detection is less than without collision. If after receiving the reservation, the transmitter triggers the resource re-selection and chooses a different resource, the power saving UE will listen to prior reserved (pre-empted) resource in vain, will try to decode SCI but will fail. And later it has to receive the transmission over newly selected resources. Whatever happens, the collisions reduce the probability of successful detection. Failed detection and re-selection due to pre-emptions will increase the (re-)transmissions for a power saving UE which will lead to increase in its power consumption.

To alleviate the collisions on the resources carrying the transmissions for power saving UEs, one mechanism is to protect such transmissions destined to power saving UEs. The previous section has described the mechanisms to protect the transmissions originating from power saving sidelink UEs. Similar mechanisms as described above can be used to protect the transmissions which are destined to power saving UEs. Thus, the transmission resources which are reserved for transmissions to power saving sidelink UEs are not pre-empted by other sidelink UEs. 
Proposal 2:
The transmission resources reserved for transmissions destined to power saving sidelink UEs are not pre-empted.

Eliminating the need to receive 2nd SCI at Power saving UE
Current sidelink design has standardized two stage SCI. The first stage SCI has no indication regarding the source/destination of the transmission. This results in sidelink devices continuously monitoring both first stage and second stage SCI. First stage SCI is transmitted in the first 2 or 3 symbols as per the resource pool (RP) configuration. Second stage SCI is transmitted over the resource indicated in the first stage SCI for physical sidelink shared channel (PSSCH), and is decoded using the demodulation reference symbols (DMRS) of the PSSCH. This means that a sidelink UE will continuously monitor and decode the 1st stage SCIs, then according to the scheduled resource therein will prepare the channel estimates using PSSCH DMRS, then will decode the second stage SCI to identify the source and destination identities among other control parameters. Establishing good channel estimates from PSSCH DMRS may mean to wait, combine and process multiple DMRS symbols. This requires a quite large ON time and computational complexity to be able to decode a 2nd stage SCI. This was suitable for vehicle mounted UEs with no power constraints, but could be a bottleneck for power saving UEs.

To enable leaner reception at power saving UEs, without excessive power consumption, one idea is to enable an early indication when a transmission is destined to a power saving UE. The advantage is significant when this indication is transmitted as part of first stage SCI. One method to indicate this in the first stage SCI can be to indicate few bits of sidelink destination identity in the first stage SCI. The drawback of this could be in terms of overhead and redundancy with the destination identity indicated in the 2nd stage of SCI. To overcome these drawbacks, the indication can be highly compressed and can only indicate that the transmission is destined to a power saving UE. This indication can be added to 1st stage SCI in the form of a single bit flag.
[bookmark: _GoBack]Proposal 3:
The first stage of sidelink control information carries an indication that the current transmission is destined to a power saving UE. This indication can be transmitted in the form of a single bit flag in the 1st stage of SCI.

With this proposal, for reception purpose the power saving UEs will listen to first stage SCIs only, and whenever they detect this indication that the current transmission is destined to a power saving UE, will decode the second stage SCI to find the destination ID and determine whether it is destined to them or not. 

Partial sensing for power saving UE in NR
LTE partial sensing is designed to sense some of the periodic transmissions. To do that, a specific list of timing is (pre)-configured so that user in partial sensing mode are able to detect some of the periodic traffic. The configuration allows to have a trade-off between the reliability and sensing power cost.
In NR, the configuration and reservation mechanisms offer a wider range of possibility, and partial sensing needs to be adapted to be efficient.
Partial sensing for periodic reservations
In NR Sidelink, when configured to support periodic reservations, the resource pool has a sensing window that goes back to 1100ms before the time of resource selection. Furthermore, periodic resources reservations can have periods of any integer number between 1ms and 99ms plus the multiple values of 100ms up to 1000ms. A total of up to 16 periods are possibly configured for a resource pool.
The proposed partial sensing requires to monitor the slots that correspond to times j*Pi prior to a candidate resource time for all the Pi period values configured in ResourceReservePeriodList and for all j such that the slot is included in the sensing window. 
In contrast, the LTE partial sensing is configured to monitor specific time instant in the past, that is tailor-made for the periodic design in LTE that are multiple of P=100ms [TS 36.213 g20- section 14.1.1.6]. Reusing LTE design for NR, it would require a very long bitstring indication to point to all possible instants in the 1100ms window.
Proposal 4: 
Power saving users can be configured to perform sensing of a limited set of slots in a resource pool, including all the slots that coincide with the configured possible periods of reservation that will collide with the evaluated resource.

Proposal 5: 
To reduce the sensing cost of sensing all occasions of periodic reservations prior to a candidate resource, the following methods are proposed:
· Power saving users can be configured to perform the partial sensing technique over a reduced sensing window. 
· Power saving users can be configured to perform the partial sensing technique but limited to the last few occasions of the periodic reservation within the sensing window
· Power saving users can be configured to perform the partial sensing technique on a sub-selection of the periods listed in ResourceReservePeriodList.
Partial sensing for retransmissions
In NR, an SCI can reserve retransmissions up to 32 logical slots in advance. To make sure that there is no ongoing reservation of retransmissions over the resource selected for evaluation, users are therefore required to perform sensing on all logical slot before it that is in the range of the retransmission time resource indication. 
Listening to these 32 slots can prevent listening to the full sensing window of 100ms (for aperiodic resource pool; 1100ms, for resource pool with periodic reservation allowed) and thus reduce power consumption, at least in the case of aperiodic transmissions.
Proposal 6: 
In a resource pool, users can be (pre)configured to perform sensing of the slots prior to the selected potential resources that may indicate retransmissions resources that collide with the selected potential resources.

Limiting the sensing to only part of the 32 slots will save battery life but collisions with reservations of retransmissions may occur if it was reserved in the slot not sensed. This is a compromise that the configuration will set according to its traffic and the capability configured for each resource pool.
Proposal 7: 
To limit the cost of sensing 32 slots prior to the selected resources, only part of these 32 slots may be sensed by the user, following a (pre)configured pattern. The possible patterns within the 32 slots can be preconfigured per resource pool. 

To remove the compromise between reliability and power consumption, it is possible to let the users transmitting in a resource pool configured for power saving to only perform retransmission reservations over the sub-selection of slots used for the partial sensing. 
Note: this is about the resource selection for any user of the pool, not the limited sensing user that sense the results of other users’ resource reservations. This means that the compromise is made in the flexibility for resource selection of all users.
Proposal 8:
Resource selection for retransmissions in a resource pool where limited sensing users are configured can be set so that retransmissions resources match the limited sensing time pattern. 
Partial sensing users as data receivers
Power saving users doing partial sensing or other limited sensing methods are missing the data that were sent in the non-sensed slots. To cope with collisions due to missing some reservations, previous section described solutions to improve the partial sensing. However, this does not solve the issue of reliability and data reception from power saving as receivers. 
Proposal 9: 
In NR, Sidelink power saving user may be configured as receiver users. If so, they will not only decode the reservation information (1st stage SCI) but also the second stage SCI and in case they are destination of the data, also decode the remaining parts of the PSSCH. Otherwise, a non-receiving power saving user are only required to decode the 1st stage SCI to handle reservations.

In LTE, the sensing performed is based on the candidate resource used for transmission. But these transmissions and candidate resources are decided by the UE itself and up for implementations. Other users willing to communicate with a power saving UE are not aware of when the UE will be sensing. This leads to requiring several retransmissions and wasting of resources.
We therefor prefer that some form of coordination between users is introduced in NR to inform when a power saving user would be sensing the resource pool. 
Proposal 10: 
When a power saving user is configured as receiver, NR Sidelink introduces coordination between users so that a power saving user inform other users the timing suitable for data reception. FFS how to signal.

We propose that the coordination can be based on a predefined set of slots that the power saving user will use as potential transmission slots. Having a predefined set of slots for candidate transmissions allows the power saving user to also predefine which slots are sensing for the partial sensing, using the patterns configured in the resource pool, cf. previous section.
Thus, it is only necessary to share the transmission slot set to other users to be able to know when users will be possibly receiving data. This can be simply done by sharing the configuration of the TX resource pool of the power saving user.
Proposal 11: 
Power saving user configured as receiver share their transmissions slots candidates to other users. It can be shared as TX resource pools or subset of TX resource pools.
Proposal 12: 
When transmitting to a power saving user, users shall restrict their candidate transmission slots to the slots that are monitored by the power saving user. 
FFS: in which step of the resource selection procedure to include the restriction.


Conclusions
Following proposals have been made in this document:
Proposal 1: The transmission resources reserved by power saving UEs are not pre-empted.
Proposal 2: The transmission resources reserved for transmissions destined to power saving sidelink UEs are not pre-empted.
Proposal 3: The first stage of sidelink control information carries an indication that the current transmission is destined to a power saving UE. This indication can be transmitted in the form of a single bit flag in the 1st stage of SCI.
Proposal 4: Power saving users can be configured to perform sensing of a limited set of slots in a resource pool, including all the slots that coincide with the configured possible periods of reservation that will collide with the evaluated resource.
Proposal 5: To reduce the sensing cost of sensing all occasions of periodic reservations prior to a candidate resource, the following methods are proposed:
· Power saving users can be configured to perform the partial sensing technique over a reduced sensing window. 
· Power saving users can be configured to perform the partial sensing technique but limited to the last few occasions of the periodic reservation within the sensing window
· Power saving users can be configured to perform the partial sensing technique on a sub-selection of the periods listed in ResourceReservePeriodList.
Proposal 6: In a resource pool, users can be (pre)configured to perform sensing of the slots prior to the selected potential resources that may indicate retransmissions resources that collide with the selected potential resources.
Proposal 7: To limit the cost of sensing 32 slots prior to the selected resources, only part of these 32 slots may be sensed by the user, following a (pre)configured pattern. The possible patterns within the 32 slots can be preconfigured per resource pool. 
Proposal 8: Resource selection for retransmissions in a resource pool where limited sensing users are configured can be set so that retransmissions resources match the limited sensing time pattern. 
Proposal 9: In NR, Sidelink power saving user may be configured as receiver users. If so, they will not only decode the reservation information (1st stage SCI) but also the second stage SCI and in case they are destination of the data, also decode the remaining parts of the PSSCH. Otherwise, a non-receiving power saving user are only required to decode the 1st stage SCI to handle reservations.
Proposal 10: When a power saving user is configured as receiver, NR Sidelink introduces coordination between users so that a power saving user inform other users the timing suitable for data reception. FFS how to signal.
Proposal 11: Power saving user configured as receiver share their transmissions slots candidates to other users. It can be shared as TX resource pools or subset of TX resource pools.
Proposal 12: When transmitting to a power saving user, users shall restrict their candidate transmission slots to the slots that are monitored by the power saving user. 
FFS: in which step of the resource selection procedure to include the restriction.
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