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Introduction

In this contribution, we discuss following FFS issues related to SL DRX timers:

	1. For unicast, the RX UE (re)starts the inactivity timer based on information in SCI (SCI1+SCI2).  FFS if the MAC layer can stop the inactivity timer.

2. SL Inactivity timer is supported for groupcast. FFS on the scenarios where it is supported.

3. Any specific handling which may be needed for synchronization of inactivity timers for the groupcast case is FFS.


Discussion
Whether MAC can stop the inactivity timer after checking MAC header：
During the discussion of introducing inactivity timer in sidelink，considering that SCI includes part of DST L2 ID and the full DST L2 ID can only be obtained after decoding the MAC PDU, if RX UE starts or stops the inactivity time only based on SCI,  a UE may start an inactivity timer which are associated with a matching L1 ID but non-matching L2 ID. Therefore companies think it would be beneficial to take MAC header/MAC PDU into consideration during the use of inactivity timer.

For the  L2 ID mismatch issue, we agree that this issue does exit. However, similar issue also exits in R16 sidelink, i.e. whether RX UE should signal HARQ feedback after checking the full L2 ID, and the agreement in RAN2#109-e meeting is: UE sends HARQ feedback without checking MAC header. Additionally,  the mi-match L2 ID issue may also lead to decoding error. For example, RX UE receives TB1 from TX UE1, but the decoding of TB1 fails, then it receives TB2 from TX UE2. Because the L1 ID in SCI of TB1 is same with TB2, RX UE will combine TB1 and TB2 to decode the data, and the decoding of the TB naturally fails again. Compared with data decoding error, the mismatch L2 ID issue in sidelink DRX can only increase a degree of power consumption which is not a critical issue. In consequence, we do not see too much benefits to solve this issue in RAN2. Moreover, since the length of L2 ID in SCI is designed by RAN1, we think this mismatch issue may be a small probability event and  has been taken into RAN1’s consideration.

Observation 1: The L2 ID mismatch issue in sidelink DRX may be a small probability event and only cause increasing of power consumption which is not a critical issue.

Additionally, considering that UE needs to take times to decode the MAC PDU, if MAC entity stops the inactivity timer after checking MAC header/MAC PDU, one may encounter another critical issue.
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Figure 1. Exception case 
As shown in figure 1, supposing a RX UE successively receives two TBs of which L1 ID both are matched at T1 and T2, however, the full L2 ID of TB1 is not matched while the full L2 ID of TB2 is matched.
T1: RX UE receives the TB1 successfully, then starts the inactivity timer. 

T2: RX UE receives the TB2 successfully, then restart the inactivity timer.

T3: RX UE decodes the MAC PDU of TB1, finds that the L2 ID is not matched, then UE should stop the inactivity timer triggered by TB1. However, the inactivity timer has been restarted by TB2. By now the UE stops the inactivity timer erroneously.

T4: RX UE decodes the MAC PDU of TB2, finds that the L2 ID is matched, the inactivity timer should not be stopped. However, the corresponding inactivity timer has been stopped in T3 by TB1.

T5: If RX UE does not stop inactivity timer in T3, the inactivity timer will expiry in T5.
From TX UE’s perspective, the duration of active time should be [T2, T5]. However, with this exception case, the duration of active time is [T2, T3]. Therefore, the misalignment between TX UE and RX UE occurs.
Observation 2: Considering that there is latency due to MAC PDU decoding, before finishing decoding TB1,UE may receive another TB2 with matching L2 ID and then restart the inactivity timer. Due to non-matching L2 ID of TB1, if MAC layer stops the inactivity timer restarted by TB2, misalignment between TX UE and RX UE occurs.
However, the observation 2 can be solved by maintaining multiple inactivity timer for different TBs, which we think is an implementation issue.
Proposal 1: Whether MAC layer stops inactivity timer after checking the MAC header can be left to UE implementation, which has no spec impacts.
Mismatch between TX and RX UE for DRX Timer

In RAN2 113bis-e meeting, following agreements have been agreed：

	1. SL Inactivity timer is supported for groupcast. FFS on the scenarios where it is supported.

2. Any specific handling which may be needed for synchronization of inactivity timers for the groupcast case is FFS.

3. For unicast, sidelink retransmission timer can be supported for at least some cases of HARQ disabled transmissions. FFS whether HARQ RTT is supported or not.


The above agreements raise a mismatch issue of DRX timer. For example, if the Tx UE performs sidelink transmission  and starts inactivity timer, but the Rx UE fails to receive this SCI so that it will not start inactivity timer. If the Tx UE continues to perform transmissions outside the on duration based on the inactivity timer. The Rx UE may miss all subsequent transmissions until the next on duration. Similar issue may happens for retransmission timer. 
As we know, in order to avoid transmitting the data during the inactive time of the RX UE, TX UE should be aware of the state of RX UE’s inactivity timer/RTT timer/retransmission timer, and RAN2 makes following agreement for unicast, and we think same principle can be applies on groupcast and broadcast.

	For unicast, the TX UE behaviors should be specified to keep aligned with the RX UE regarding the DRX Active time. FFS the specific Spec impacts needed at the TX side.


Observation 3: RAN2 agreed that for unicast, the TX UE behaviours should be specified to keep aligned with the RX UE regarding the DRX Active time.
Considering the active time of RX UE is controlled by DRX timer, TX UE and RX UE should update the DRX timer synchronously. For on-duration timer, it is started or stopped based on the number of subframe, in consequence, as long as the boundary of subframe and number of subframe is aligned, the on-duration timer in TX UE and RX UE is aligned. 

However, for inactivity timer, RTT timer and retransmission timer, different from on-duration timer, all these timers are triggered based on data transmission, i.e. without data transmission, these timers will never be started. Although the retransmission timer is started after RTT timer expiry in Uu interface, but RTT timer is data transmission triggered, so the retransmission timer can be seen as data transmission triggered. To avoid the mismatch issue (i.e. TX UE starts the timer but RX UE does not), TX UE needs to ensure that RX UE starts the RTT timer and retransmission timer correspondingly, i.e. TX UE needs to get feedback from RX UE to indicate that whether or not RX UE receives the data. 

Observation 4: To avoid the mismatch issue (i.e. TX UE starts the timer but RX UE doesn't), TX UE needs to get feedback from RX UE after SCI and data transmission.

During the email discussion, some companies think for Uu DRX, the UE may also miss the new transmission from the gNB for DCI mis-detection, in consequence, for inactivity timer/RTT timer/Retransmission timer, it is unnecessary to guarantee 100% synchronization at the cost of complex protocol design. And they think there is no special treatment in Uu, therefore there is no benefits to define special treatment for SL. 

However, regarding to Uu DRX, for downlink data, UE always transmits HARQ feedback on PUCCH, and for uplink data, UE will transmit the uplink data after receiving UL grant DCI. Based on the HARQ feedback and uplink data transmission, gNB knows whether or not the UE receives DCI. Afterwards the synchronization of these timers can be implemented in gNB, and the detailed behaviour is left to gNB implementation. In Uu interface, gNB sends DCI for both data transmission and receiving. When it comes into sidelink DRX, considering that TX UE only sends SCI for data transmission, the behaviour of SL DRX should mimic DL DRX of Uu interface. As a result, the synchronization of these timers should be implemented in TX UE.

Observation 5：In Uu interface, gNB sends DCI for both data transmission and receiving. When it comes into sidelink DRX, considering that TX UE only sends SCI for data transmission, the behaviour of SL DRX should mimic DL DRX of Uu interface. As a result, the synchronization of DRX timer should be implemented in TX UE..

For the detailed internal UE behaviour of synchronization of DRX timer, we think it can be left to UE implementation. However, it is not feasible for UE implementation if TX UE does not obtain any feedback about the data transmission, we think RAN2 at least needs to define the necessary information for TX UE to implement the synchronization. For HARQ disabled TB, irrespective of unicast or groupcast, TX UE has no information about the synchronization, in other words, the necessary information for UE implementation is missing. One may argue that for UE implementation, TX UE can select to not configure the inactivity timer to RX UE if one of the logical channels is HARQ disabled. Yes, we admit that this is a feasible way for UE implementation. However, if inactivity timer does not be configured for UE with any HARQ disabled LCH, UE may encounter large latency. Therefore, we prefer to use another way to solve this issue: HARQ disabled TB does not influence the running of inactivity timer. In other words, if UE transmits or receives a HARQ disabled TB, the inactivity timer should not be (re)started. 

Proposal 2: It is suggested that HARQ disabled TB does not influence the running of DRX timers. In other words, if UE transmits or receives a HARQ disabled TB, the DRX timers should not be (re)started.

Additionally, as we discussed above, according to the observation 4, to avoid the missing of subsequent transmission, TX UE needs to ensure that RX UE starts the RTT timer and retransmission timer, i.e. TX UE needs to get feedback from RX UE, therefore the inactivity timer can only be used for HARQ enabled TB of groupcast.

Proposal 3：The inactivity timer can only be used for HARQ enabled TB of groupcast.

Conclusion
In this contribution, we have following observations and agreements:

Observation 1: The L2 ID mismatch issue in sidelink DRX may be a small probability event and only cause increasing of power consumption which is not a critical issue.

Observation 2: Considering that there is latency due to MAC PDU decoding, before finishing decoding TB1,UE may receive another TB2 with matching L2 ID and then restart the inactivity timer. Due to non-matching L2 ID of TB1, if MAC layer stops the inactivity timer restarted by TB2, misalignment between TX UE and RX UE occurs.
Proposal 1: Whether MAC layer stops inactivity timer after checking the MAC header can be up to UE implementation, which has no spec impacts.
Observation 3: RAN2 agreed that for unicast, the TX UE behaviours should be specified to keep aligned with the RX UE regarding the DRX Active time.

Observation 4: To avoid the mismatch issue (i.e. TX UE starts the timer but RX UE doesn't), TX UE needs to get feedback from RX UE after SCI and data transmission.
Observation 5：In Uu interface, gNB sends DCI for both data transmission and receiving. When it comes into sidelink DRX, considering that TX UE only sends SCI for data transmission, the behaviour of SL DRX should mimic DL DRX of Uu interface. As a result, the synchronization of DRX timer should be implemented in TX UE.
Proposal 2: It is suggested that HARQ disabled TB does not influence the running of DRX timers. In other words, if UE transmits or receives a HARQ disabled TB, the DRX timers should not be (re)started.            
Proposal 3：The inactivity timer can only be used for HARQ enabled TB of groupcast.
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