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1. Introduction
For NR Sidelink Enhancement WI [1], RAN2 has the following objective:

3. Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure

· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other

· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE

In this paper, we discuss several key issues related to SL-DRX design.
2. Discussions
2.1 Baseline DRX operation
In LTE SL, there is no sidelink DRX and each sidelink UE in D2D communication is supposed to always RX in PC5 interface and decode every subframe of PSCCH. This is exactly same for R16 NR SL. For the benefits of power saving, it is necessary to enable a DRX configuration among Sidelink UEs, so that UEs can reduce its power consumption, especially for battery-powered devices, such as smartphones and wearable. 

In the baseline design for SL-DRX, the Sideink UE support a DRX cycle on top of PHY frame structure, as shown in Figure 1.
[image: image1.png]UE only listen to m slots for PSCCH in every DRX cycle

/ O\,

+———————  DRXCycle >§





Figure 1. Basic Operation of Sidelink DRX 

Basically, when DRX UE enter SL DRX, it is only supposed to listen to m consecutive slots for PSCCH decoding (as defined as a onDuration) in every N slots (as defined in DRX cycle). 
Proposal 1
In baseline design, UE in SL DRX mode only listen to “ON duraton” period in every SL-DRX cycle. 
For the PSCCH decoding during ON duration, UE will check whether there is any traffic destinated to this SL UE, i.e, matching the address(es) UE used to receive in PC5 interface. If there is no such traffic, UE can go to SLEEP.

Proposal 2
If there is no SL communication detected to be destinated to the UE in ON duration, the UE enters OFF state for the remainder time of DRX cycle to skip the PSCCH decoding.

Similar to Uu C-DRX, an inactivity timer can be used to track the activity in PC5 interface and trigger UE to enters SL-DRX.
Proposal 3
UE uses an inactivity timer to track the SL communication activity related to its addresses and to trigger UE enter SL DRX.
To support SL-DRX, the transmitting UE need respect the DRX cycle used by the DRX UE(s) in the proximity. If a TX UE knows the destination UE enables SL-DRX, and currently is in DRX inactive,  then it needs to buffer its traffic to its destination and only transmit the packets in the next ON Duration.

Proposal 4
If the RX UE is in DRX inactive, TX UE may buffer the traffic and wait for the next ON duration to transmit.
Then, regarding which SL communication cast type is subject to DRX operation, we strongly suggest all the SL cast types a UE is engaged with can be put in DRX mode. If DRX is only used for SL unicast, then the benefits are quite limited because if a UE is involved in both unicast and broadcast, then the UE still has to listen all the time for broadcast traffic, and that will nullify any benefits to configure a unicast-specific DRX configuration in PC5 interface for this UE. Hence, we think, at least for the baseline DRX design, the DRX need cover SL broadcast, groupcast and unicast.
Proposal 5
In baseline design, DRX configuration(s) are allowed for all SL cast type traffic.
As sidelink DRX regulates the UE-to-UE communication, the UE shall be allowed to enter SL DRX in regardless of its RRC states in Uu interface. Hence, we have the following proposal.
Proposal 6
SL DRX is supported for UEs in RRC _IDLE, RRC_INACTIVE, RRC_CONNECTED.
For 5G ProSe and NR V2X use cases, devices are very likely to be out of network coverage. To ensure the power saving for SL communication among those UEs, and the partial coverage communication scenario. The SL-DRX configuration need also covers OOC UE.
Proposal 7
SL DRX is supported for UEs out of coverage.

Consider the PC5-RRC, there is no RRC states defined. In NR SL, TX/RX broadcast and groupcast traffic are basically connection-less. PC5 connections are used for those UEs which has SL unicast connection(s) with other peer UEs. we think the presence of a PC5-RRC connection is not a prerequisite to use SL-DRX.  
Proposal 8
SL DRX is supported for both SL UE has active PC5-RRC connection(s) or UEs without active PC5-RRC connections.
As SL unicast is between two peer UEs, those two UEs can negotiate the SL-DRX configurations over a PC5-RRC connection. Thus, it is possible that the pair of peer UE can have its own link-specific DRX configuration, which is not necessarily as same as the DRX configurations used for broadcast/groupcast. However, this will force a UE to follow several different DRX configurations and need wake up multiple times, which will reduce the power saving benefits. We think RAN2 need some discussion on this issue.
Proposal 9
RAN2 to discuss whether SL DRX configurations for SL unicast can be different from the SL DRX configurations used for SL broadcast/groupcast. 
2.2
 How SL-DRX is configured
Although SL DRX triggering can be independent of Uu RRC states (IDLE/INACTIVE/Connected), but Uu Interface can still be used for configuration. For the configuration of SL-DRX, the most important aspect is to enable the awareness of DRX configurations, so that ON/OFF schedule of a DRX cycle is commonly known by the UEs which are communicated via PC5 interfaces. Similarly, this can be done like other SL configurations used in NR V2X.


Proposal 10
SL-DRX configuration(s) are provided by NW (SIB or dedicated RRC signaling) or preconfigured.
In Uu, C-DRX configuration is UE-specific. For Idle mode DRX in Uu for paging, the wake up time is decided by NAS layer based on UEID.  Such a design is based on the fact that Uu communication happens only between gNB and UE. For SL, such a UE-specific configuration does not work. 
SL communications are UE-to-UE communication. For example, DRX needs to be aligned among UEs OOC and UEs camped under different gNBs. From this perspective, independent per-UE configurations are no longer feasible. Also, if SL DRX configuration depends on each RX UE’s RX address, then each UE will follow multiple different DRX ON/OFF schedule, depending on how many Layer 2 addresses is used by this UE. This will distribute the ON durations in the time domain and undermines the power savings provided by SL-DRX. 

Given all above considerations, we think it is necessarily to enable a set of candidates SL-DRX configuration options, as “common DRX configurations” for SL UE to follow. Among those candidates, different DRX configurations may have different DRX cycles and ON durations, which provide a variety of choice to balance the latency and power savings. This is how SL-DRX for groupcast and broadcast are configured, as there is no PC5-RRC connections to coordinate the DRX parameters.
Proposal 11
common SL-DRX configuration(s) are provided in SIB or preconfiguraiton for SL broadcast/groupcast.
Then, regarding which common DRX configuration is used by UE, we think this can be determined based on QoS requirements of the traffic, especially packet delay budget. A set of common rules can be used to direct UE to pick the right DRX configuration so that SL UEs engaged in a SL broadcast and groupcast of the same PQI can know the exact DRX configuration to follow.
Proposal 12
Support to use common rule(s) to map a particular PQI or SL service to a candidate common SL-DRX configuration.
Such a design can ensure the SL UEs engaged are known to use a common configuration. However, as a sidelink UE may have multiple V2X service of different QoS requirements, then the UE has to follow multiple different DRX configurations. As a result, the wake up time of a SL UE will be the superset of all “ON-Duration” s of those DRX configurations, and that will keep UE ON in many different occasions and maintain a very busy duty cycle. As a result, UE may not get much power saving benefits of the SL DRX in this case.
To maximize the power saving, we think it is reasonable to align the starting offset and DRX cycle length to maximize the overlapping of ON durations and reduce the overall power consumptions.
For example, as in Figure 2, DRX cycles can be configured as enumerated choices from  [T, T/2, T/4….] set to enable the overlapping of ON duration, even when ON Duration are of different lengths. For the UE in this example, if just need to follow the [blue, yellow, green, yellow, blue, yellow, green, yellow …] ON Duration respectively in each T/4 cycle to ensure it does not miss any SL traffic of three different QoS flows. 
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Figure 2. Align the onDurations of different DRX configurations

Proposal 13
DRX configurations may be configured to have optimized DRX cycle lengths and aligned starting offset to maximize the overlapping of ON durations.
f
2.3
SL DRX for RRC_CONNECTED UE
One of the objectives in WID [1] is to “specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE”. For in-coverage UE, we think this is mainly an optimization for RRC_CONNECTD UE because RRC_IDLE UE need follow a NAS-defined PO (Paging Opportunity) configuration to listen for CN paging, which is a scheme not to be altered easily in AS layer. 
Usually, the alignment of Sidelink DRX and Uu C-DRX wake up time aims to reduce the overall wake up time of an RRC_CONNECTED UE, as shown in the example of Figure 3. In such a design, the DRX cycles used by Uu and SL are identical, and the On Durations in both Uu DRX and SL DRX overlap with each other.
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Figure 3. Overlapping alignment of Uu DRX and SL DRX

However, “fully overlapping alignment” may not be always desirable in NR SL. In LTE ProSe, if UE uses a single RX chain for both WAN & D2D communication, a discovery gap [2] is configured to allow UE to switch to SL to monitor D2D signals and skip monitoring Uu traffic. This could also happen in NR SL case if SL and Uu operate in the same band with a shared RX chain. For example, n38, n79 are added in Rel-16 by RAN4, as SL communication is no longer only be restricted to n47 ITS bands. If UE shares the single RX chain in licensed band for both V2X SL and NR DL reception, it does not make sense to do fully overlapping alignment of Uu-DRX and SL-DRX. This is because a UE may be able to have DL reception and SL reception at the same time (similar to intra-band CA), but TX in SL (as triggered in onDuration) would cause problem for PDCCH monitoring for Uu-DRX. 
Hence, instead of overlapping alignment, the ON durations of Uu and DRX are better to be TDM-ed in the adjacent periods, as shown in (a) or (b) of Figure 4.
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Figure 3 Non-overlapping alignment of Uu DRX and SL DRX
We think RAN2 need first to discuss which type of Uu/SL DRX alignment is needed. Different design assumptions lead to different objectives. The overlapping alignment does allow the UE to shut off RX circuit completely to have more power savings. However, if the non-overlapping is needed for SL UE, then the design should be aimed to reduce the buffering and latency of SL communication (e.g. for mode 1 TX) rather than reduce the UE power consumption.

Proposal 14
RAN2 to discuss whether to support overlapping or non-overlapping Uu/SL DRX alignment or both.
3. Conclusions

In this paper, we have discussed the SL-DRX issue and have the following proposals:

Proposal 1
In baseline design, UE in SL DRX mode only listen to “ON duraton” period in every SL-DRX cycle. 
Proposal 2
If there is no SL communication detected to be destinated to the UE in ON duration, the UE enters OFF state for the remainder time of DRX cycle to skip the PSCCH decoding.

Proposal 3
UE uses an inactivity timer to track the SL communication activity related to its addresses and to trigger UE enter SL DRX.
Proposal 4
If the RX UE is in DRX inactive, TX UE may buffer the traffic and wait for the next ON duration to transmit.
Proposal 5
In baseline design, DRX configuration(s) are allowed for all SL cast type traffic.

Proposal 6
SL DRX is supported for UEs in RRC _IDLE, RRC_INACTIVE, RRC_CONNECTED.
Proposal 7
SL DRX is supported for UEs out of coverage.

Proposal 8
SL DRX is supported for both SL UE has active PC5-RRC connection(s) or UEs without active PC5-RRC connections.
Proposal 9
RAN2 to discuss whether SL DRX configurations for SL unicast can be different from the SL DRX configurations used for SL broadcast/groupcast. 
Proposal 10
SL-DRX configuration(s) are provided by NW (SIB or dedicated RRC signaling) or preconfigured.
Proposal 11
common SL-DRX configuration(s) are provided in SIB or preconfiguraiton for SL broadcast/groupcast.
Proposal 12
Support to use common rule(s) to map a particular PQI or SL service to a candidate common SL-DRX configuration.
Proposal 13
DRX configurations may be configured to have optimized DRX cycle lengths and aligned starting offset to maximize the overlapping of ON durations.
Proposal 14
RAN2 to discuss whether to support overlapping or non-overlapping Uu/SL DRX alignment or both.
4. References

[1]
RP-201385, WID revision: NR sidelink enhancement.
[2] 
TS 36.321

3/4


