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[bookmark: _Ref492503575]Introduction
This document proposes means to achieve the objectives of the Work Item Description (RP-201516) with respect to enhancements for power saving in UEs that use NR-SL communication. These proposals are compatible with the release 16 SL methods and will work for UEs both in and out of coverage.
UEs that have limited power sources will probably also use idle mode power saving methods on the Uu connection, such as (e)DRX. The DRX times are then available to conduct SL communication.
We propose methods for introducing a new sidelink discontinuous reception (SL-DRX) mode and a method for scheduling sidelink paging occasions (SL-PO).

[bookmark: _Toc21359852][bookmark: _Toc21360409][bookmark: _Toc21425154]Discussion 
[bookmark: _Hlk47639558]In release 16 sidelink configuration all UEs listen at the same time and all capacity is at the same time which is not power efficient and not spectrally efficient.
Problem: UEs should not need to remain on for long periods to be receptive to SL communications. 
Sidelink discontinuous reception (SL-DRX):
Introducing a new sidelink DRX (SL-DRX) the UE would only wake up periodically (i.e. once every SL-DRX Period). Since the acceptable mobile terminated (MT) latency is different for different applications, the SL-DRX Period is chosen by the UE so that the application can trade off power and MT latency. The SL-DRX cycle period does not have to be the same as the Uu DRX cycle period but making it a multiple ensures that the PO periods do not overlap (i.e. slide across each other). Figure 1 shows an example of a condition where the SL-DRX cycle is twice the Uu DRX cycle.  

Proposal 1: Enable a UE to request a SL-DRX period.
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[bookmark: _Ref25781655]
Figure 1 SL-PO within Uu DRX 

Problem: UEs need to be able to page each other.
Once a DST UE is in SL-DRX, it is necessary for a SRC UE to know when it can page a DST UE. 

SL paging occasion (SL-PO): 
Individual UEs should have SL-PO (i.e. the slot(s) where DST UE listens for SL within each SL-DRX cycle) that are based on their SL-DRX and in order to randomize paging traffic the paging occasion needs to be based on a unique ID (e.g. IMEI). The SL paging occasions (SL-PO) should be defined to ensure they do not overlap with the Uu DRX PO which can be done by adding a small time offset relative to the Uu PO. The SL-PO is computed based on an equation using the UE-ID (e.g. IMSI, IMEI), the SL DRX period and the time offset. 

[bookmark: _Hlk54284917]Proposal 2: Enable a UE specific SL-PO that can be preconfigured or based on an equation using the UE-ID, time offset, and the SL-DRX value.


Problem: How does SRC UE know DST UE SL-DRX
It is assumed the SRC UE knows the DST UE-ID and the time offset but since the UE can request a unique SL-DRX, how the SRC UE knows the DST UE SL-DRX is unclear.

The SL UEs will register their SL-DRX period choice with a central server (i.e. the ProSe server) or SL-DRX can be pre-configured.  A SRC (source) UE (i.e. a UE that wants to transmit SL to a DST (destination) UE) will request the DST UE’s SL-DRX period from the ProSe Server before it attempts to send data to it.  The SL-DRX may have a TTL (time to live) associated with it so that the SRC UE does not need to request the SL-DRX period for each SL transaction. The SL-DRX may also be preconfigured which is improves support for UEs which are out of coverage.

Proposal 3: A central server provides a SL-DRX period based on the UE’s requested SL-DRX.
Proposal 4: A SRC UE can request a DST UE’s SL-DRX period from a central server, or it is preconfigured.


Problem: SL-PO collisions in connected mode

When UE is in Uu connected mode, collisions with SL-PO also need to be avoided which can be accomplished by defined gaps in Uu communication.
 
Proposal 5: To avoid SL-PO collisions when a UE is in connected mode, the UE should be able to request gaps to process SL. 

Problem: What should the UE do after receiving a page on the SL-PO
After a page is received on the SL-PO, after a handshake, the DST and SRC UE should go into a type of SL connected mode where both SRC and DST UEs listen frequently. A variable length SL connected mode is proposed to accommodate interactive SL communications between two UEs. One way to implement SL connected mode is for the UEs to operate in legacy SL. The transition back to SL-DRX could occur after an agreed inactivity period. The UEs could monitor the SL connection for any possible transmission or retransmission until an SL inactivity timer expires. Upon expiry, the UE implicitly releases the SL connection. Alternatively, the UEs could return to SL-DRX operation after a SL release procedure.

Proposal 6: After receiving a page on the SL-PO, the UEs may exit SL-DRX and operate in a SL connected mode.
Proposal 7: SL connected mode can be similar to legacy SL functionality.
Proposal 8: Upon inactivity or following a release procedure the UEs may re-enter SL-DRX mode.

Summary
Proposal 1: Enable a UE to request a SL-DRX period.
Proposal 2: Enable a UE specific SL-PO that can be preconfigured or based on an equation using the UE-ID, time offset, and the SL-DRX value. 
Proposal 3: A central server provides a SL-DRX period based on the UE’s requested SL-DRX.
Proposal 4: A SRC UE can request a DST UE’s SL-DRX period from a central server, or it is preconfigured
Proposal 5: To avoid SL-PO collisions when a UE is in connected mode, the UE should be able to request gaps to process SL.
Proposal 6: After receiving a page on the SL-PO, the UEs may exit SL-DRX and operate in a SL connected mode.
Proposal 7: SL connected mode can be similar to legacy SL functionality.
Proposal 8: Upon inactivity or following a release procedure the UEs may re-enter SL-DRX mode.
