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Introduction
In the RAN2#113-e meeting, the following agreements have been achieved w.r.t HARQ RTT and retransmission timer for SL DRX. In general, HARQ RTT is supported for unicast and groupcast, but some relevant leftover issues should be further discussed in RAN2, and the need of retransmission timer is FFS.
	5b: 	HARQ RTT is supported in SL unicast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.
6b: 	HARQ RTT is supported in SL groupcast. FFS for the detailed condition when it is supported. FFS whether HARQ RTT is explicitly configured or can be based on SCI. FFS on the need of HARQ retransmission timer.


In this contribution, we will share some further considerations on the leftover issues and details about HARQ RTT and retransmission timer for Rel-17 SL DRX.
Discussion 
[bookmark: _Ref52529593][bookmark: OLE_LINK1][bookmark: _Hlk66979792][bookmark: OLE_LINK85][bookmark: OLE_LINK2][bookmark: OLE_LINK86][bookmark: OLE_LINK87]In Uu, which resource is used for retransmission fully depends on gNB’s implementation. However, in SL, a Rx UE may or may not have the information of the resource used by a retransmission of Tx UE in advance. It depends on whether this resource is reserved by a prior SCI. In more details, in mode 1, a retransmission resource can be reserved if there is a previous resource allocated by the same SL grant with it, but it cannot be reserved if there is no such kind of resource; in mode 2, a retransmission resource can be reserved if there is a previous resource within the interval of 31 slots, but it also cannot be reserved if there is no such kind of candidate resource in the identified resource set. From our perspective, the DRX behavior on HARQ RTT and retransmission timer in the case where Rx UE has received a SCI with further reservation, or without further reservation, in SL, is quite different, so these two cases may need to be discussed separately as following. 


Figure 1 Resource #2 is reserved by #1, #4 is reserved by #3, but #3 cannot be reserved by #2, in Mode 1.



Figure 2 Resource #2 is reserved by #1, but #3 cannot be reserved by #2, in Mode 2.

[bookmark: _Hlk67649436][bookmark: OLE_LINK3][bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK9]When the received SCI has further reservation 
In this case, unlike Uu, a Rx UE can know the resources used for the next retransmission in advance. Thus, different considerations from that of Uu DRX are needed on the HARQ RTT timer and retransmission timer behavior for SL. 
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]In Uu DRX, for DL, the UE starts the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission of HARQ-ACK feedback. For UL, the UE starts the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH. When the HARQ RTT timer is running, the UE assumes no retransmission scheduling would occur since gNB needs some time to do processing and scheduling preparation. When the HARQ RTT timer expires, the UE starts the drx-RetransmissionTimerDL or drx-RetransmissionTimerUL, and actively monitors PDCCH for the potential retransmission scheduling while this timer is running.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: _Hlk67045423]In SL DRX, as aforementioned, if a Rx UE has received a SCI with further reserved resource for retransmission, it can know the corresponding slot of next retransmission accordingly. Between the time when the SCI is successfully decoded and the slot corresponding to next retransmission, no additional retransmission is expected by the Rx UE. Thus, following the definition for HARQ RTT timer in Uu, SL HARQ RTT timer may need to be running during this period.
Another aspect should be considered is whether HARQ-ACK enabled/disabled case should be separately considered. In our opinion, this does not affect the running mechanism of HARQ RTT when there is further reservation indicated in the SCI, because anyway the Rx UE does not expect the occurrence of retransmission during the period mentioned above.
When the received SCI has further reservation, SL HARQ RTT timer needs to be running between the time when the SCI is successfully decoded and the slot of next retransmission.
· This is applicable for both HARQ-ACK enabled and HARQ-ACK disabled cases.

As mentioned above, when the received SCI has further reservation, the Rx UE has the information of the arrival time of next retransmission in advance. Thus, it does not need to start a retransmission timer after the HARQ RTT timer expires to perform a continuous period of SCI monitoring. Instead, the Rx UE just needs to monitor SCI in the specific slot associated with the indicated retransmission resource unless the TB has been correctly decoded. This method can be considered as an optimization from power saving perspective for Rx UE.


(a) HARQ-ACK disabled case.


(b) HARQ-ACK enabled case.
Figure 3 SL DRX behaviour for retransmission in Section 2.1.

[bookmark: OLE_LINK6]When the received SCI has further reservation, only the reserved slot needs to be monitored for the corresponding SCI of retransmission.
· SL retransmission timer does not need to start in this case;
· [bookmark: OLE_LINK125][bookmark: OLE_LINK126]The reserved slot can be defined as SL DRX active time.

[bookmark: OLE_LINK101][bookmark: OLE_LINK102]Furthermore, a special case may be considered for mode 2, that is, the pre-reserved resource may be re-selected by the Tx UE for some reasons, e.g., pre-emption, lower prioritization, etc. The Rx UE can identify the occurrence of this situation, for example, by not finding the corresponding SCI of the reserved resource, or the UE ID indicated in the decoded SCI does not match. In this case, the Rx UE needs to perform a continuous period of monitoring starting from the next slot, in order to receive the retransmission packet in a re-selected resource, i.e., HARQ retransmission timer is needed for this case.


Figure 4 SL DRX behaviour for resource re-selection case in Section 2.1.

A Rx UE should start the SL retransmission timer when the corresponding SCI of the expected retransmission is not correctly identified.

When the received SCI has no further reservation 
In SL DRX, if a Rx UE has received a SCI with no further reserved resource for retransmission, the corresponding slot of next retransmission cannot be known by the Rx UE in advance. This situation is quite similar to the Uu scenario. 
For this case, if HARQ-ACK is enabled, DL mechanism can be reused, that is, the Rx UE should start SL HARQ RTT timer for the corresponding HARQ process, in the first symbol after the end of the corresponding transmission of HARQ-ACK feedback carried by PSFCH. After the SL HARQ RTT timer expires, if the TB has not been correctly decoded, SL retransmission timer should start to monitor SCI for the reception of potential retransmission.
[image: ]
Figure 5 HARQ-ACK enabled case in Section 2.2.

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]When the received SCI has no further reservation, and HARQ-ACK is enabled, DL mechanism can be reused for SL DRX:
· The Rx UE starts SL HARQ RTT timer in the first symbol after the end of the corresponding transmission of HARQ-ACK feedback;
· [bookmark: _Hlk67297132][bookmark: OLE_LINK105]If the TB has not been correctly decoded, the Rx UE starts SL retransmission timer after the SL HARQ RTT timer expires.

If HARQ-ACK is disabled, the resources of two sequential (re)transmissions may be consecutive in time domain, then the HARQ RTT timer does not need to be started, the Rx UE can directly start the SL retransmission timer to monitor SCI for the reception of potential retransmission if it has not correctly decoded the TB. 


Figure 6 HARQ-ACK disabled case in Section 2.2

When the received SCI has no further reservation, and HARQ-ACK is disabled, 
· The Rx UE does not start SL HARQ RTT timer;
· If the TB has not been correctly decoded, the Rx UE starts SL retransmission timer in the next slot after the slot corresponding to the received SCI.

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In Rel-16 NR V2X, PSFCH can be dropped due to the prioritization rule defined in Rel-16, e.g., due to simultaneous NR and E-UTRA transmission/reception, simultaneous PSFCH transmission/reception or simultaneous SL and UL transmissions. Then a special issue should be considered, which is, if the PSFCH fails to be transmitted due to the prioritization rule, how to define the Rx UE’s SL DRX behaviour on HARQ RTT timer and retransmission timer. In our opinion, even if the PSFCH fails to be transmitted, the Rx UE still needs to start SL HARQ RTT timer in the first symbol after the end of the corresponding PSFCH resource. This is because, the retransmission timer can only start running after the HARQ RTT timer expires to receive the retransmission packet if the Rx UE has not correctly decoded current TB; even if the current TB has been correctly decoded, the Rx UE should also receive the next retransmission to feedback an “ACK” for early termination.


Figure 7 SL RTT timer and retransmission timer behaviour when PSFCH which carries a “NACK” fails to be transmitted.



Figure 8 SL RTT timer and retransmission timer behaviour when PSFCH which carries an “ACK” fails to be transmitted.

If the Rx UE fails to transmit the PSFCH (e.g., due to prioritization), it still needs to start SL HARQ RTT timer in the first symbol after the end of the corresponding PSFCH resource.

[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In Uu DRX, UE maintains separate HARQ RTT timers and retransmissions timers per HARQ process for DL and UL, respectively. Therefore, when applicable, whether SL HARQ RTT timer and SL HARQ retransmission timer should also be maintained per SL HARQ process needs to be defined for SL DRX. In our opinion, there is no obvious reason to break such kind of principle, so the per HARQ process maintenance mechanism should be reused for SL.
[bookmark: _Ref67302107][bookmark: OLE_LINK12][bookmark: OLE_LINK127][bookmark: OLE_LINK128]Like Uu DRX, when applicable, HARQ RTT and retransmission timer should also be maintained per SL HARQ process in SL DRX.

Conclusions
In this contribution, we have expressed our views on the HARQ RTT timer and retransmission timer behavior for SL DRX. The proposals are summarized as follows.
1. When the received SCI has further reservation, SL HARQ RTT timer needs to be running between the time when the SCI is successfully decoded and the slot of next retransmission.
· This is applicable for both HARQ-ACK enabled and HARQ-ACK disabled cases.
When the received SCI has further reservation, only the reserved slot needs to be monitored for the corresponding SCI of retransmission.
· SL retransmission timer does not need to start in this case;
· The reserved slot can be defined as SL DRX active time.
A Rx UE should start the SL retransmission timer when the corresponding SCI of the expected retransmission is not correctly identified.
When the received SCI has no further reservation, and HARQ-ACK is enabled, DL mechanism can be reused for SL DRX:
· The Rx UE starts SL HARQ RTT timer in the first symbol after the end of the corresponding transmission of HARQ-ACK feedback;
· If the TB has not been correctly decoded, the Rx UE starts SL retransmission timer after the SL HARQ RTT timer expires.
When the received SCI has no further reservation, and HARQ-ACK is disabled, 
· The Rx UE does not start SL HARQ RTT timer;
· If the TB has not been correctly decoded, the Rx UE starts SL retransmission timer in the next slot after the slot corresponding to the received SCI.
If the Rx UE fails to transmit the PSFCH (e.g., due to prioritization), it still needs to start SL HARQ RTT timer in the first symbol after the end of the corresponding PSFCH resource.
Like Uu DRX, when applicable, HARQ RTT and retransmission timer should also be maintained per SL HARQ process in SL DRX.
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