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Introduction
As Work Item description, Rel-17 decided to specify the sidelink DRX for broadcast, groupcast, and unicast [1], with the details:
	· 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 RAN2-112e meeting [2], the following agreements have been made. Among them, the active time should be further defined in On-Duration as well as in Off-Duration.
	· Sidelink DRX needs to support sidelink communications for both in and out of network’s coverage scenarios.
· RAN2 will prioritize normal use case without consideration of relay UE use case in Rel-17.
· Support SL DRX for all casting types.
· If a UE is in SL active time, UE should monitor PSCCH. FFS on PSSCH. FFS for sensing impacts.
· RAN2 is not going to introduce SL paging and SL PO for SL DRX.
· As baseline, for Sidelink DRX for SL unicast, it is proposed to inherit and use timers similar to what are used in Uu DRX. FFS for SL broadcast/groupcast. FFS on detailed timers.
· Working assumption: SL DRX should take PSCCH monitoring also for sensing (in addition to data reception) into account if SL DRX is used.
· Support of long DRX cycle for SL unicast should be assumed as a baseline. FFS on the need of short DRX cycle.
· Deprioritize SL WUS from RAN2 point of view in Rel-17.


PSCCH/PSSCH transmission/reception in NR-V2X is fundamentally different from PDSCH transmission/reception in NR Uu. In PSCCH transmission, the 1st SCI is able to not only indicate the resource for the initial transmission, but also reserve the resources for its retransmission and/or for periodic packet transmission. With this reservation property, the reservation chain can be maintained, and accordingly, the DRX-based power saving mechanism can be designed more efficiently.
In this contribution, we express our views on the DRX-based power saving, in consideration of maintaining the SCI-based reservation chain, from the perspectives of (re)transmission and reception.
DRX based (Re)transmission and Reception
In NR-V2X, a UE transmits SCI with the format 1-A (1st stage) on PSCCH in slot n, and subsequently performs the associated PSSCH transmission in the same slot. The PSCCH indicates the resource for an initial transmission of a TB and optionally reserve a periodic resource for an initial transmission of a different TB, with the “resource reservation period” field. The periodicity could be selected among 0ms, 1ms~99ms, 100ms, 200ms, …, 1000ms, depending on the service types. The PSCCH, in addition, can reserve the resources for its retransmission, with the maximum number of reserved resources of two.
In NR Uu, once a Rx-UE attempts to access the network from a gNB, the Rx-UE does not aware the occasion of its reception or transmission, before the serving gNB indicates or grants the resource for PDSCH or PUSCH by PDCCH. Thus, the UE has to keep monitoring the PDCCH either for all the time, or during the DRX On-Duration if a DRX is configured.
In NR-V2X, however, the PSCCH transmission and reception are fundamentally different from the PDSCH transmission/reception that, the 1st  SCI on PSCCH not only indicates the resource for the current transmission, but also can reserve the resources for its retransmission of the same TB and/or for the periodic transmission of a different TB. With this reservation property, a new DRX mechanism for NR-V2X can be designed more efficiently.
[bookmark: _Ref60924951]In NR-V2X, the 1st SCI on PSCCH not only indicates the resource for the current transmission, but also can reserve the resources for its retransmission of the same TB and/or for the periodic transmission of a different TB.
[bookmark: _Ref60925052]Rel-17 should newly design a DRX mechanism, relying on the PSCCH-based reservation property in NR-V2X.
We believe that, the fundamental issue in DRX-based power saving is how to control the sidelink transmission and reception in On-Duration as well as in Off-Duration and align sidelink DRX active time between Tx-UE and Rx-UEs. In other word, we need to clarify how for Tx-UE to (re)transmit a TB and how for Rx-UEs to receive an initial TB and retransmission (Re-Tx) TB.
Similar to NR Uu DRX operation, the UE should enable the reception operation in the sidelink DRX Off-Duration but with different behaviours. That is, the sidelink DRX should support extending On-Duration to operate the active mode for sidelink Re-Tx reception. For more details, the Tx-UE allows transmitting the initial TB in On-Duration if no resource is reserved for this TB, and the corresponding PSCCH reserves the resources for its retransmission and/or the periodic resources for the initial transmission of different TB in Off-Duration. Accordingly, the Rx-UE needs to be awake to monitor not only all the PSCCH occasions in On-Duration, but also the PSCCH occasions in the reserved slots for (re)transmission in Off-Duration. Beneficially, the length of On-Duration can be reduced, without degrading the PRR performance. In case when the traffic on the sidelink channel is light, the number of slots configured in On-Duration could be reduced to one. This could offer a significant gain in the power saving for unicast and groupcast if the HARQ based retransmission is involved, or for any cast type if the blind retransmission is performed.
[bookmark: _Ref60925055]The Tx-UE allows transmitting the initial TB in On-Duration if no resource is reserved for this TB, and the corresponding PSCCH reserves the resources for its retransmission and/or the periodic resources for the initial transmission of different TB in Off-Duration.
In a sidelink DRX, furthermore, a Tx-UE should transmit the 1st TB of the 1st initial transmission in On-Duration once the Tx-UE starts its specific service regardless of what the cast type is. This is because only in On-Duration, the transmitted TB can be surely received by the Rx-UEs who are interested in the service.
Note that, the 1st TB once the Tx-UE starts its specific service could be either the high layer control information, or discovery signal, or traffic data information.
The resource reservations discussed above can be considered as a reservation chain, from one PSCCH to another until the specific service timer expires. This allows the Rx-UE not to monitor unnecessary slots, and beneficially to reduce the active time and offer a significant gain in the power saving.
[bookmark: _Ref60925057]A Tx-UE should transmit the 1st TB of the 1st initial transmission in On-Duration once the Tx-UE starts its specific service regardless of what the cast type is, in order to keep the reservation chain.
In order to make the discussion further on the sidelink DRX-based power saving, three options can be classified in terms of different types of (re)transmission/reception, as follows.
· Option-1: the SCI format 1-A reserves the periodic resource for periodic packet transmission.
· Option-2: the SCI format 1-A reserves the resource for retransmission(s) of a same TB.
· Option-3: the SCI format 1-A does not reserve any resource.
Option-1: Periodic Resource Reservation
In Option-1, the SCI format 1-A reserves the periodic resource for the periodic packet transmission. The Tx-UE can reserve the periodic resources without consideration of whether the resource is in On-Duration or in Off-Duration, except that the 1st TB in the 1st initial transmission should be transmitted in On-Duration once the Tx-UE starts its specific service. This enables the realization of reservation chain through the service.
The Rx-UE captures the 1st TB in On-Duration, and then, deduces the periodicity and the associated resources reserved by the field of ResourceReservePeriod, which is optionally configured in the 1st SCI. As an active time, therefore, the Rx-UE needs to monitor the slots in On-Duration. In addition, the Rx-UE needs to awake to monitor the slots where the resources have been reserved, implemented by means of a timer, by setting Timer = ResourceReservePeriod. This implies that, the Rx-UE stops the reception and turns its RF chains off once the timer is running. Note that, if the timer overlaps drx-onDurationTimer, the Rx-UE shall prioritize the timer of On-Duration.
Figure 1 gives an example, where the Tx-UE selects the resource for the 1st TB of the 1st initial transmission in On-Duration once the service is initiated and keeps reserving the resources for the 2nd and the 3rd initial transmissions. The Rx-UE is awake to decode the PSCCH in the slots of On-Duration as well as in the slots where the resources have been reserved.
[image: ]
[bookmark: _Ref60909927]Figure 1: Resource selection and periodic reservation for initial transmission, and active time for Rx-UE.
[bookmark: _Ref60925059]For a periodic TB transmission, the Rx-UE is awake to decode the PSCCH in the slots of On-Duration and in the slots where the resources have been reserved.
Option-2: Resource Reservation for Retransmission
In Option-2, the SCI format 1-A reserves the resource for retransmission. Similarly, the Tx-UE can reserve the resources without consideration of whether the resource is in On-Duration or Off-Duration. The resources used for retransmission can be contiguously reserved by the SCI associated with the same TB, if the reservation interval is less than 32 slots. This enables the realization of reservation chain for each TB transmission.
As an active time, accordingly, the Rx-UE only needs to monitor the slots where the resources have been reserved, implemented by a timer, dependent on the exact reservation interval indicated in the 1st SCI. This implies that, the Rx-UE should stop the reception and turn its RF chains off once the timer is running.
[bookmark: _Ref60925060]For a TB retransmission, the Rx-UE is awake to decode the PSCCH in the slots of On-Duration and in the slots where the resources have been reserved.
Figure 2 exemplifies the DRX operation in the (re)transmission and the reception, where the Tx-UE transmits the initial TB in On-Duration and retransmits the TB in Off-Duration. As an active time, accordingly, the Rx-UE monitors PSCCH in On-Duration for its initial TB reception and the slots where the resources have been reserved in Off-Duration for the retransmission TB.
[image: ]
[bookmark: _Ref60911103]Figure 2: Selected resources for initial transmission and retransmission, and active time for Rx-UE.
Option-3: No Resource Reservation for Initial Transmission
In Option-3, the SCI format 1-A does not reserve any resource for the initial transmission. In general, this often occurs in serving a service with an aperiodic traffic, in which the arrival time for the next packet is unpredictable. In this case, there is no maintained reservation chain, and the latency of the packet delivery depends on the length of Off-Duration.
In this case, the Tx-UE has to select the resource in On-Duration, in order for the Rx-UEs, who are interested in the service, to precisely receive the packet in On-Duration. Accordingly, the Rx-UE only need be awake to monitor the slots in On-Duration.
[bookmark: _Ref60925063]For an aperiodic TB transmission, the Tx-UE should select the resource in On-Duration and the Rx-UE only needs be awake to monitor the slots in On-Duration.
Figure 3 exemplifies the resource selection for the initial transmission without any resource reservation.
[image: ]
[bookmark: _Ref55638029]Figure 3: Resource selection for the initial transmission, without any resource reservation.
Transmission Enhancement with DRX 
On-Duration should be kept as short as possible in order to make the power consumption more efficient. However, a short On-Duration incurs two issues; one is the half-duplex issue between two Tx-UEs, and the other is the interference from other Tx-UEs.
To solve the half-duplex issue, the Tx-UE should perform a blind retransmission (BR) only in On-Duration. This reduces the possibility of half-duplex with a short interval between initial transmission and retransmission (i.e., short On-Duration). Consequently, the Rx-UE can highly succeed in receiving SCI in On-Duration, that guarantees the continuity of the reservation chain between two reserved neighbor resources.
To solve the interference issue, the Tx-UE should perform an HARQ based retransmission in Off-Duration. This ensures the retransmission occasions to be distributed over the time, so as to reduce the overall interference between the Tx-UEs. In addition, an HARQ based retransmission enables the early termination, so that the resource efficiency can be improved significantly.
[bookmark: _Ref60924963]On-Duration should be kept as short as possible in order to make the power consumption more efficient.
[bookmark: _Ref60925073]Tx-UE should perform a blind retransmission only in On-Duration and perform an HARQ based retransmission in Off-Duration.
[bookmark: _Ref61020103][bookmark: _Ref61020982]RAN2 should agree on the necessity of the enhancement of initial transmission reliability in On-Duration and send a LS to RAN1 for study.
Figure 4 exemplifies the resource selection and reservation for this dynamic retransmission with the common DRX pattern, where the Tx-UE transmits an initial TB and one retransmission in On-Duration relying on the blind retransmission and retransmits the same TB in Off-Duration relying on the HARQ-based retransmission.
[image: ]
[bookmark: _Ref56196069]Figure 4: Resource selection and reservation with the common DRX pattern.
In Rel-16, each resource pool can be configured with or without PSFCH resource associated with the slot where the PSCCH/PSSCH is transmitted. To realize the dynamic retransmission, the HARQ parameters in the resource pool should be flexibly configured, associated with the DRX pattern. This implies that, in each resource pool, the resource without the dedicated PSFCH resource can be configured in On-Duration for the blind retransmission, while the resource with the dedicated PSFCH resource can be separately configured in Off-Duration for the HARQ based retransmission.
Remained Issues
As we discussed previously, if the Rx-UE is only awake to monitor all the PSCCH occasions in On-Duration, and the PSCCH occasions in the reserved slots for retransmission in Off-Duration, it can be beneficial to reduce the interval of On-Duration and offer a significant gain in the power saving for unicast and groupcast if the HARQ based retransmission is involved, as well as for any cast type if the blind retransmission is performed.
However, to ensure the resource reservation chain for retransmission, two conditions have to be satisfied; one is, the Rx-UE must correctly decode the SCI from the Tx-UE, and the other is, the functionality of the resource re-evaluation and/or the pre-emption has to be disabled by sl-PreemptionEnable in each (pre)-configured resource pool. Any condition failure could incur the problem in the continuity of the resource reservation.
[bookmark: _Ref60924968]To ensure the resource reservation chain for retransmission, the Rx-UE must correctly decode the SCI from the Tx-UE.
[bookmark: _Ref60924969]To ensure the resource reservation chain for retransmission, the functionality of the resource re-evaluation and/or the pre-emption have to be disabled if without any modification.
In the transmission and reception of periodic traffic, furthermore, once the Tx-UE initiates the service and transmits the 1st TB of the 1st initial transmission to its Rx-UE(s), the 1st TB should be always transmitted in On-Duration, in order for the Rx-UE(s) to align the reception. Then, the Rx-UEs is awake to receive the TBs in the slots where the periodic resources have been reserved. If the reservation of the resource is kept unchanged during the service, no problem occurs. However, this cannot be guaranteed due to the consecutive resource collision, as well as the revaluation and/or pre-emption mechanism, which triggers the resource reselection.
[bookmark: _Ref60924971]To ensure the resource reservation chain for the periodic transmission, the Rx-UE needs to be capable of detecting the changes of resource reservation.
Consequently, those issues are remained in the DRX-based power saving, that impact the reliability of SCI reservation chain. Therefore, the mechanism of maintaining the SCI-based reservation chain should be studied in Rel-17.
[bookmark: _Ref60925075]Rel-17 studies the enhancement of maintaining the SCI reservation chain, in case that the pre-emption and resource reselection are taken into account in the configured resource pool.
Conclusions
In this contribution, we have expressed our views on the DRX-based power saving, in consideration of maintaining the SCI based reservation chain, from the perspectives of (re)transmission and reception. The following observations and proposals should be taken into account in NR-V2X sidelink DRX:
Observation 1: In NR-V2X, the 1st SCI on PSCCH not only indicates the resource for the current transmission, but also can reserve the resources for its retransmission of the same TB and/or for the periodic transmission of a different TB.
Observation 2: On-Duration should be kept as short as possible in order to make the power consumption more efficient.
Observation 3: To ensure the resource reservation chain for retransmission, the Rx-UE must correctly decode the SCI from the Tx-UE.
Observation 4: To ensure the resource reservation chain for retransmission, the functionality of the resource re-evaluation and/or the pre-emption have to be disabled if without any modification.
Observation 5: To ensure the resource reservation chain for the periodic transmission, the Rx-UE needs to be capable of detecting the changes of resource reservation.

Proposal 1: Rel-17 should newly design a DRX mechanism, relying on the PSCCH-based reservation property in NR-V2X.
Proposal 2: The Tx-UE allows transmitting the initial TB in On-Duration if no resource is reserved for this TB, and the corresponding PSCCH reserves the resources for its retransmission and/or the periodic resources for the initial transmission of different TB in Off-Duration.
Proposal 3: A Tx-UE should transmit the 1st TB of the 1st initial transmission in On-Duration once the Tx-UE starts its specific service regardless of what the cast type is, in order to keep the reservation chain.
[bookmark: _GoBack]Proposal 4: For a periodic TB transmission, the Rx-UE is awake to decode the PSCCH in the slots of On-Duration and in the slots where the resources have been reserved.
Proposal 5: For a TB retransmission, the Rx-UE is awake to decode the PSCCH in the slots of On-Duration and in the slots where the resources have been reserved.
Proposal 6: For an aperiodic TB transmission, the Tx-UE should select the resource in On-Duration and the Rx-UE only needs be awake to monitor the slots in On-Duration.
Proposal 7: Tx-UE should perform a blind retransmission only in On-Duration and perform an HARQ based retransmission in Off-Duration.
Proposal 8: RAN2 should agree on the necessity of the enhancement of initial transmission reliability in On-Duration and send a LS to RAN1 for study.
Proposal 9: Rel-17 studies the enhancement of maintaining the SCI reservation chain, in case that the pre-emption and resource reselection are taken into account in the configured resource pool.
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