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1 Introduction

In last meeting, TX centric sidelink DRX determination method was agreed as following. In this contribution, we discuss how to negotiate the sidelink DRX between TX and RX UEs.
	1. In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, support signalling exchange including both 1) Signaling-1: signalling from RX-UE to TX-UE, and 2) Signaling-2: signalling from TX-UE to RX-UE.

2. For SL unicast, TX-UE centric DRX configuration based on the assistance information from RX-UE is agreed as baseline.

3. In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, signaling-1 (Rx->Tx) is carried via a new PC5-RRC message, from Rx-UE to Tx-UE.

4. In SL unicast, for DRX configuration of the direction where one UE as Tx-UE and the other as Rx-UE, signaling-2 (Tx->Rx) is carried via RRCReconfigurationSidelink, to deliver DRX configuration from Tx-UE to Rx-UE.

5. In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other UE as Rx-UE, when Tx-UE is in-coverage and in RRC_CONNECTED state, Tx-UE may report the information received in signaling-1 (Rx->Tx) to the serving network.

6. In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, when Tx-UE is in-coverage and in RRC_CONNECTED state, Tx-UE may obtain DRX configuration from dedicated RRC to generate signalling-2 (Tx->Rx).

7. In SL unicast, for DRX configuration of each direction where one UE as Tx-UE and the other as Rx-UE, when Rx-UE is in-coverage and in RRC_CONNECTED state, Rx-UE report the DRX configuration received in signalling-2 (Tx->Rx) to the serving network.


2 Discussion
2.1 Unicast Sidelink DRX configuration
It’s agreed the unicast sidelink DRX configuration is per direction for OOC. However, it’s still FFS whether unicast sidelink DRX configuration is per direction for IC. Within the same source-destination pair, the traffic may be different on the two directions. Directional DRX configuration could achieve better power saving performance. Furthermore, it’s possible only UE on one side requires power saving. For example, in V2P, only pedestrian UE requires DRX, while vehicle UE doesn’t need DRX. Therefore, the SL DRX should be configured per direction also in IC.

Proposal 1: Unicast sidelink DRX configuration is per direction for IC.
In last meeting, TX centric DRX configuration determination is agreed. TX UE side, including TX UE or TX UE’s gNB, determines the DRX configuration and sends DRX configuration via RRCReconfigurationSidelink to RX UE. However, RX UE shall also be allowed to accept or reject the received DRX configuration. Currently, if RX UE is able to apply the sidelink configuration carried RRCReconfigurationSidelink, RX UE would send RRCReconfigurationCompleteSidelink. Otherwise, RX UE would send RRCReconfigurationFailureSidelink. TX UE can know whether the configuration is applied or not. We understand the intention of this procedure is mainly focused on configuration error. However, it’s agreed RX UE could reject the received DRX configuration, even if there is no configuration error or conflict. There may be two possible reasons for DRX configuration failure, there is configuration error or RX UE rejects the DRX configuration. If we reuse the existing procedure for both cases, TX UE can’t tell the cause of DRX configuration failure and not be able to decide the next step.
Furthermore, the sidelink configuration carried in RRCReconfigurationSidelink may include both DRX configuration and non-DRX configuration. It’s possible UE reject the DRX configuration while the non-DRX configuration is successfully applied. If we reuse the existing procedure for both types of configuration, TX UE can’t tell which type of configuration is failed in this case.

To resolve the above issues, the configuration error could reuse the existing procedure. New independent indication shall be introduced to inform TX UE the DRX configuration is reject or accept.
Proposal 2: If there is configuration error within the sidelink configuration carried in RRCReconfigurationSidelink, UE response with RRCReconfigurationFailureSidelink, otherwise, UE response with RRCReconfigurationCompleteSidelink.

Proposal 3: Introduce independent indication for RX UE to inform TX UE the sidelink DRX configuration accept or reject on sidelink.
Following proposal 3, we may further discuss how to carry the new indication. There are two possible options,
Option 1, carried via RRCReconfigurationCompleteSidelink;

Option 2, carried via new PC5-RRC message.
The advantage of option 1 is the TX UE could immediately confirm whether DRX configuration is applicable. In option 2, TX UE has to combine the new message and legacy messages to determine the configuration application, which would result in more signalling and longer delay. 
Proposal 4: Indication of DRX configuration accept or reject is carried in RRCReconfigurationCompleteSidelink.
When TX UE receives the RRCReconfigurationCompleteSidelink message, TX UE shall check the indication of DRX configuration accept or reject to determine whether the sidelink DRX configuration carried in corresponding RRCRecofigurationSidelink is applied or not by RX UE. While the sidelink configuration other than DRX carried in corresponding RRCRecofigurationSidelink is applied by RX UE upon the reception of RRCReconfigurationCompleteSidelink message, regardless of the new indication.

Proposal 5: TX UE checks the indication of DRX configuration accept or reject in RRCReconfigurationCompleteSidelink to determine whether the sidelink DRX configuration carried in corresponding RRCRecofigurationSidelink is applied or not by RX UE

Proposal 6: TX UE considers the Sidelink configuration other than DRX carried in corresponding RRCRecofigurationSidelink applied by RX UE upon reception of RRCReconfigurationCompleteSidelink.
In last meeting, it’s agreed RX UE report the DRX configuration received in RRCReconfigurationSidelink to the serving network. gNB could decide whether the received DRX configuration could be accepted or not. So gNB should send indication to RX UE about whether the received DRX configuration is accepted or not.
Proposal 7: gNB could send indication to RX UE about whether the received DRX configuration is accepted or not.
2.2 Alignment between Uu DRX and SL DRX

It’s agreed RX UE could send assistant information to TX UE to determine sidelink DRX configuration. But, it’s still FFS the content of the assistant information. It’s agreed to align sidelink DRX with Uu DRX in case of Mode 1 scheduling. Both TX UE side and RX UE side could be responsible for the alignment. We see two phases to achieve the alignment.

In the first phase, TX UE side is provided with the RX UE’s Uu DRX, if RX UE is configured with Uu DRX. TX UE side considers RX UE’s Uu DRX to determined aligned SL DRX. If TX UE is in CONNECTED, the alignment is up to TX UE’s gNB. Otherwise, the alignment is up to TX UE. The RX UE’s Uu DRX could be included in in signaling 1 (RX->TX). For the simplicity, we would call signalling 1 as assistant information in this contribution.
In the second phase, RX UE in CONNECTED would report the DRX configuration received in signalling-2 to the serving network as agreed in last meeting. If the SL DRX is not aligned with Uu DRX, gNB could modify the Uu DRX to achieve alignment.
Proposal 8: The alignment of Uu DRX and SL DRX could be up to SL TX UE.

Proposal 9: RX UE provides its Uu DRX configuration to TX UE in assistant information, i.e. signalling-1 (RX-> TX).
2.3 Assistant information content
Sidelink operates in half-duplex mode. If sidelink active time overlaps with SL transmission or UL transmission in case of sidelink shares UL resources, RX UE can’t monitor PSCCH reception. But TX UE is not aware of the SL/UL resource scheduling at RX UE. Therefore, the sidelink transmission within the overlapping period would be lost. The dynamic scheduling is up to gNB’s implementation and unpredictable. But the resources for configured UL/SL grant is predictable. To avoid the conflict between sidelink DRX and configured UL/SL grant, RX UE could provide the activated UL/SL grant resource allocation, e.g. period and starting offset, to TX UE. TX UE could determine the SL DRX to avoid the conflict as much as possible.
Proposal 10: RX UE provides its activated configured SL/UL grant resource allocation, e.g. period and start offset, to TX UE in assistant information, i.e. signalling-1 (RX-> TX).
2.4 Retransmission timer and RTT timer
There are two options to trigger retransmission timer,

Option 1: RTT timer expiry,

Option 2: Reserved timing indicated in SCI if available.

Option 2 is only feasible when TX UE reserves resources for retransmission. Also, there are cases that retransmission resource may be reselected. Option 1 could apply in all cases.
In Uu, HARQ feedback is mandatory supported. But in sidelink, feedback is optional. If HARQ feedback is not enabled, TX UE may perform blind retransmission. It’s agreed in last meeting that sidelink retransmission timer can be supported for at least some cases of HARQ disabled transmissions. FFS whether HARQ RTT is supported or not. 

Since the resource loaction for blind retransmission is selected by TX UE at the time of initial transmission, the gap between initial transmission and retransmission is not fixed. Some companies proposed to start RTX timer after initial transmission. However, this trigger is the same as inactivity timer. Therefore the extended wakeup time for blind retransmissions could be covered by inactivity timer. RTT timer and Retransmission timer doesn’t need to be configured in this case.
Proposal 11: Retransmission timer is only started by RTT timer expiry.

Proposal 12: RTT and Retransmission timer is not used for blind retransmission. Inactivity timer could be used to provide active time for blind retransmission

2.5 How to maintain DRX timer running
Timer based SL DRX is agreed to control wakeup time. Unlike Uu, sidelink transmission can only occur on the slots within sidelink resource pool. The available slots may not be continuous, but segmented to several parts on time domain. If the sidelink transmission occurs on the slot close to the end of one part, it’s possible there is no available slots for sidelink transmission during active time as depicted in Fig 1. After PSCCH reception, UE would start inactivity timer to extend the wake-up time. However, during inactivity timer running, there may not be sidelink resource on the slot. It’s worthless for UE to monitor PSCCH between A and B. The DRX timers should be stoped at the end of the slot if the next slot is not within sidelink resource pool.

[image: image1]
Fig 1
Proposal 13: the DRX timers should be stopped at the end of the slot if the next slot is not within RX pool.
2.6 DRX alignment between TX and RX UE
Uu wake-up time is controlled by DRX timers on Uu. The Uu DRX design is agreed as baseline for sidelink DRX. On Uu, the wake-up time includes on-duration, inactivity and retransmission timer running. According to the agreement in last meeting, at least on-duration and inactivity timers would be introduced on sidelink. These two timers are handled by RX UE. But it’s also important for TX UE to know whether RX UE is wake, so that TX UE could decide when to perform sidelink transmission to RX UE. Otherwise, data loss would happen if TX UE performs sidelink transmission to RX UE when it’s asleep. 

Observation 1: TX UE should be aware of RX UE’s wake-up time.

Currently, the DRX timer handling is only specified at RX UE side. It’s not clear how TX UE could know the timer running at RX UE. On Uu, the DRX handling at TX side is not specified, since RAN doesn’t restrict gNB’s implementation. But on sidelink, both TX and RX side are UE. To align with Uu design is not a valid reasoning to leave TX UE’s DRX handling unspecified.

Observation 2: To align with Uu design is not a valid reasoning to leave TX UE’s DRX handling unspecified.

Proposal 14: RAN2 to specify TX UE’s behaviour regarding sidelink DRX maintenance, i.e. RX UE shall maintain DRX timer running associate with RX UE to determine RX UE’s active time.

Sidelink operates in a half-duplex way. UE can’t monitor PSCCH if there is on-going sidelink transmission. Furthermore, UE can’t monitor PSCCH if there is on-going UL transmission, if the sidelink carrier is shared with UL. With the negotiation between UEs, the overlapping between SL on-duration timer and UL/SL transmission could be avoided as much as possible. However, the inactivity timer is started by PSCCH reception, which is unpredictable. It’s likely the inactivity timer overlapped with SL/UL configured grant. The RX UE is not able to monitor SL if there is SL/UL transmission. TX UE is not aware of RX UE’s sidelink transmission and UL transmission activity. If feedback is not enabled, TX UE would still think RX UE is active according to local timer running. This misalignment would result in data loss and wasted power for TX UE. 

To avoid data loss and power wasting in this case, there may be two possible solutions,

Solution 1, Sidelink DRX MAC CE is agreed for TX UE to send RX UE into inactive. Similar indication could be introduced for RX UE to indicate TX UE it’s going to inactive, If the RX UE is not able to monitor SL due to SL/UL transmission in the rest time of inactivity timer running. Upon reception of this indication, TX UE could stop DRX timers associated with this RX UE. 

Solution 2, UE shall restart the inactivity timer, if UE is unable to monitor SL at the expiry of inactivity timer. This would provide extended wake up time to achieve synchronization between TX UE and RX UE. However, UE may extend the wake up time unnecessarily with this solution.

Therefore, solution 1 is more efficient and provides more power saving gain.
Proposal 15: If RX UE is not able to monitor SL in the rest time of on-duration or inactivity timer running, e.g. due to UL/SL transmission, RX UE sends indication to TX UE. TX UE stop corresponding DRX timers associated with RX UE.

3 Conclusion
Based on the discussion in section 2, we have following proposals:
Proposal 1: Unicast sidelink DRX configuration is per direction for IC.
Proposal 2: If there is configuration error within the sidelink configuration carried in RRCReconfigurationSidelink, UE response with RRCReconfigurationFailureSidelink, otherwise, UE response with RRCReconfigurationCompleteSidelink.

Proposal 3: Introduce independent indication for RX UE to inform TX UE the sidelink DRX configuration accept or reject on sidelink.
Proposal 4: Indication of DRX configuration accept or reject is carried in RRCReconfigurationCompleteSidelink.

Proposal 5: TX UE checks the indication of DRX configuration accept or reject in RRCReconfigurationCompleteSidelink to determine whether the sidelink DRX configuration carried in corresponding RRCRecofigurationSidelink is applied or not by RX UE

Proposal 6: TX UE considers the Sidelink configuration other than DRX carried in corresponding RRCRecofigurationSidelink applied by RX UE upon reception of RRCReconfigurationCompleteSidelink.
Proposal 7: gNB could send indication to RX UE about whether the received DRX configuration is accepted or not.
Proposal 8: The alignment of Uu DRX and SL DRX could be up to SL TX UE.

Proposal 9: RX UE provides its Uu DRX configuration to TX UE in assistant information, i.e. signalling-1 (RX-> TX).
Proposal 10: RX UE provides its activated configured SL/UL grant resource allocation, e.g. period and start offset, to TX UE in assistant information, i.e. signalling-1 (RX-> TX).
Proposal 11: Retransmission timer is only started by RTT timer expiry.

Proposal 12: RTT and Retransmission timer is not used for blind retransmission. Inactivity timer could be used to provide active time for blind retransmission

Proposal 13: the DRX timers should be stopped at the end of the slot if the next slot is not within RX pool.

Observation 1: TX UE should be aware of RX UE’s wake-up time.

Observation 2: To align with Uu design is not a valid reasoning to leave TX UE’s DRX handling unspecified.

Proposal 14: RAN2 to specify TX UE’s behaviour regarding sidelink DRX timer maintenance, i.e. RX UE shall maintain DRX timer running associate with RX UE to determine RX UE’s active time.

Proposal 15: If RX UE is not able to monitor SL in the rest time of on-duration or inactivity timer running, e.g. due to UL/SL transmission, RX UE sends indication to TX UE. TX UE stop DRX timers associated with RX UE.
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