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Introduction
The Release-17 NR sidelink enhancement work item was initially approved in Dec. 2019 [1]. The work item descriptions (WID) were updated in [2]. 

One of the objectives of NR sidelink enhancement work item is sidelink evaluation methodology update. In this contribution, we discuss the sidelink power consumption model.  
Discussion
Release-16 NR V2X is the first NR release on sidelink, with the main focus on direct communication between vehicles. It can also be used for public safety if the requirement meets. Release-17 NR sidelink enhancement has extended use cases including commercial use cases, e.g., Network Controlled Interactive Service (NCIS), etc. 

Unlike vehicles, many devices for public safety and commercial use cases have power constraints. The design of Release-16 NR sidelink does not concentrate on power saving schemes. For example, the “always-on” channel monitoring will consume a large amount of energies. To facilitate commercial use cases, power saving schemes will be one of major objectives in Release-17 NR sidelink design. The justification of sidelink power saving schemes relies on evaluation methodology of sidelink power consumption model. It is included in WID [2] to update sidelink evaluation methodology for performance metric for power saving. 

The sidelink power consumption model was initially provided for D2D communication [3]. Specifically, five power consumption states are defined: sleep power, Rx power, Tx power, power for synchronization with WAN, and GPS power. The relative power consumption metric was given for each state. On the other hand, the UE power consumption model for NR Uu link was also provided in [4], where multiple power states and their relative power consumption metric are defined. Both LTE sidelink power consumption model and NR Uu power consumption model could be reused in specifying NR sidelink power consumption model.

The difference between NR sidelink and LTE sidelink should be examined before defining NR sidelink power consumption model. NR sidelink supports unicast, groupcast and broadcast in a common resource pool. A UE in Rx mode may only decode PSCCH and SCI stage 2, but not sidelink data in the same sub-channel, if the decoded source ID or destination ID in SCI does not match. In other words, this sidelink data transmission is for unicast or groupcast towards different UE(s). A UE in Rx mode may decode PSCCH, SCI stage 2 and sidelink data in the same sub-channel, if the decoded source ID or destination ID in SCI matches. 

Considering the large power consumption in decoding sidelink data, we need to define two separate receiving power states: one for decoding SCI only (or, “PSCCH-only Rx power” state, if no confusion is caused on the necessity of SCI stage 2 decoding) and the other for decoding SCI and sidelink data (or, “PSCCH+PSSCH Rx power” state). This is similar to “PDCCH-only” and “PDCCH+PDSCH” power states in NR Uu link [4]. 

Proposal 1: The NR sidelink power consumption model includes “PSCCH-only Rx power” state and “PSCCH+PSSCH Rx power” state. 

It is likely that in a given slot, a UE performs “PSCCH-only” operation on some sub-channels, while performing “PSCCH+PSSCH” operation on other sub-channels. In other words, a UE is likely in a hybrid state of “PSCCH-only Rx power” and “PSCCH+PSSCH Rx power” in a given slot. Hence, the relative power for each state of “PSCCH-only Rx power” and “PSCCH+PSSCH Rx power” should be defined per sub-channel per slot. For example, the relative power for “PSCCH-only Rx power” state is  unit/sub-channel and the relative power for “PSCCH+PSSCH Rx power” state is  unit/sub-channel. A UE consumes  unit of power if it only decodes PSSCH in  sub-channels in a slot.

Proposal 2: The relative power consumption metric for “PSCCH-only Rx power” state and “PSCCH+PSSCH Rx power” state is defined in terms of per sub-channel. 

Another difference between NR sidelink and LTE sidelink is that NR sidelink supports PSFCH transmission/reception, and PSFCH resources are TDM-ed with PSCCH/PSSCH resources in a slot. 
Hence, we can have two separate transmission power states: one for transmitting PSCCH/PSSCH (or, “PSCCH/PSSCH Tx power” state) and the other for transmitting PSFCH (or, “PSFCH Tx power” state). 

Proposal 3: The NR sidelink power consumption model includes “PSCCH+PSSCH Tx power” state and “PSFCH Tx power” state. 

If a sidelink slot consists of both PSFCH resources and PSCCH/PSSCH resources, then the relative power for “PSCCH/PSSCH Tx power” should be scaled by a factor, e.g., 10/13. In NR Uu power consumption model [4], the relative power for “short PUCCH” is scaled by a factor of 0.3. Similarly, the relative power for “PSFCH Tx power” should be always scaled by a factor, e.g., 2/13. 

Proposal 4: If a sidelink slot consists of both PSCCH/PSSCH resources and PSFCH resources, the relative power for “PSCCH+PSSCH Tx power” is scaled by a factor of 10/13. 

Since NR PSFCH is a sequence-based short format, the detection of PSFCH sequence in base band does not consume a lot of powers. The main power consumption for PSFCH reception lies in RF. Considering that PSFCH resources are TDM-ed with PSCCH/PSSCH resources in a slot, we could approximately consider the power consumptions in “PSCCH-only Rx power” and “PSCCH+PSSCH Rx power” states include PSFCH reception. In other words, no scaling is applied to the relative powers for “PSCCH-only Rx power” and “PSCCH+PSSCH Rx power” states, and no separate power state is introduced for PSFCH reception. 

Finally, like in LTE sidelink power consumption model [3], a “sleep power” state should be defined to model the power consumption in random resource selection or partial sensing. 

Proposal 5: The NR sidelink power consumption model includes “sleep power” state.

As in NR Uu power consumption model, we assume the relative power for “sleep power” state is 1 unit in NR sidelink power consumption model. Considering LTE sidelink power consumption model, the total Rx power in a slot is 100 units. If a resource pool has 10 sub-channels, then subsequently, the relative power for “PSCCH+PSSCH Rx power” state is set as 10 units/sub-channel, and the relative power for “PSCCH-only Rx power” state is set as 3 units/sub-channel.

Considering LTE sidelink power consumption model, the total Tx power in a slot is 2000 units for 31 dBm Tx power or 400 units for 23 dBm Tx power. Hence, the relative power for “PSCCH+PSSCH Tx power” state is 400 units. Subsequently, the relative power for “PSFCH Tx power” state is set as 62 units, considering the scaling factor. 

Proposal 6: The relative power for power states is given as
· 1 unit for “sleep power” state;
· 3 units/sub-channel for “PSCCH-only Rx power” state;
· 10 units/sub-channel for “PSCCH+PSSCH Rx power” state;
· 400 units for “PSCCH+PSSCH Tx power” state;
· 62 units for “PSFCH Tx power” state.

Conclusion
In this contribution, we provided our views on NR sidelink power consumption model. Our proposals are as follows: 

Proposal 1: The NR sidelink power consumption model includes “PSCCH-only Rx power” state and “PSCCH+PSSCH Rx power” state. 

Proposal 2: The relative power consumption metric for “PSCCH-only Rx power” state and “PSCCH+PSSCH Rx power” state is defined in terms of per sub-channel. 

Proposal 3: The NR sidelink power consumption model includes “PSCCH+PSSCH Tx power” state and “PSFCH Tx power” state. 

Proposal 4: If a sidelink slot consists of both PSCCH/PSSCH resources and PSFCH resources, the relative power for “PSCCH+PSSCH Tx power” is scaled by a factor of 10/13.

Proposal 5: The NR sidelink power consumption model includes “sleep power” state.

Proposal 6: The relative power for power states is given as
· 1 unit for “sleep power” state;
· 3 units/sub-channel for “PSCCH-only Rx power” state;
· 10 units/sub-channel for “PSCCH+PSSCH Rx power” state;
· 400 units for “PSCCH+PSSCH Tx power” state;
· 62 units for “PSFCH Tx power” state.
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