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1 Introduction

In Rel-17 IIoT, one objective is to support the survival time requirement on the RAN side. In this contribution, we focus on the remaining issues on this topic.
2 Discussion

To support the survival time, the following is agreed.
1. RAN2 assumes one application message is conveyed by one PDCP SDU, and may further consider the cases where one application message is conveyed by varying number of PDCP SDUs depending on the progress
2. RAN2 takes the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = Survival Time = 0.5/1/2ms)

3. MAC entity shall handle the determination of triggering survival state based on HARQ-NACK 
4. Following entry into the Survival Time state, PDCP duplication for ST configuration is activated.  The gNB pre-configures which RLC entities can be activated for duplication when entering ST state.  FFS the number of supported RLC entities.  

For the packets of one DRB in support of survival time, one application packet is conveyed by one PDCP SDU. For simplicity, we consider one packet lost if there is a loss of one MAC PDU. Once one packet is considered lost, the UE needs to enter the survival time state and activate PDCP duplication for such DRB. HARQ-NACK is used for triggering the survival time state entering or determining the packet loss. 
Assuming N is used to express the counting number of the consecutive HARQ-NACKs, one open issue is whether N can be configurable. Based on companies’ inputs, the basic value of N equals 1, and some companies suggest supporting the case of N > 1. In one implementation, the transmission for one packet may succeed after the UE performs multiple retransmissions. If that is the case, the support of N > 1 would be able to prevent too early entering into the survival time state and avoid the ping-pong issue. On the other hand, there would be more effort/discussion on the details of supporting N > 1, including e.g. 1) The UE may need to use a counter to count the consecutive transmission failures, which may further involve the initialization, increment and resetting. 2) The UE needs to consider how to count the consecutive transmission failures in the case that PDCP duplication is already activated before entering into the survival time state. For example, if it requires the interaction between MN and SN to count the consecutive HARQ-NACKs, it may introduce much specification work and complicate the UE’s behaviour, otherwise, the counting for the consecutive HARQ-NACKs may not be accurate. Considering there are other remaining issues for this topic but not many TUs left for Rel-17, we would better focus on the case of N = 1.

Proposal 1 RAN2 considers to focus on the case of N = 1 and to de-prioritize the case of N > 1 in Rel-17.
According to the agreement achieved in RAN2#116e, another open issue is whether additional consideration is needed for the unlicensed band. 
1. The baseline mechanism for Survival Time support is “CG resources will be used for service with Survival Time requirements, such that the mapping relation between the service and the retransmission grant is commonly known to both gNB and UE, and CG retransmission scheduling (addressed by CS-RNTI) can be used for Survival Time state triggering”.  

a) FFS how UE identifies the corresponding DRB that should enter Survival Time state and other details (i.e. resource allocation)

b) FFS on unlicensed band
As we agreed above, the CG retransmission scheduling addressed by CS-RNTI is used for the survival time state triggering. For the unlicensed band, besides scheduling the retransmission grant, the explicit DFI-NACK also applies for the retransmission scheduling. The UE can be aware of the MAC PDU transmission failure upon the reception of the associated explicit DFI-NACK. Thus, for the case of the survival time support in UCE, it is the most straightforward extension to cover the explicit DFI-NACK signaling as one type of “HARQ-NACK”.
To resolve e.g. the case of the retransmission schedule failing to transmit due to the DL LBT failure, NRU also supports CGRT-based retransmission. For example, UE can consider the previous transmission fails and performs the autonomous retransmission if no HARQ-ACK is received before CGRT expiry. Thus, for the case of the survival time support in UCE, another extension is to consider CGRT expiry (with CGT running) as one type of “HARQ-NACK”.
Proposal 2 To support the survival time in UCE, explicit DFI-NACK signaling can be used for the survival time state triggering. 
Proposal 3 To support the survival time in UCE, the CGRT expiry can be used for the survival time state triggering. 
If RAN2 has time to study the case of N > 1, we think the TX-side timer can be used to assist in counting the consecutive number of HARQ-NACKs. Without solutions such as the TX-side timer, it may be possible that the several HARQ-NACKs of one HARQ process received at any time are used for the judgement of the survival time entering, even if the specific HARQ-NACKs are received after the PDB or the transmission of another packet. 
The following example can elaborate more. Assume that N sets to 3 for DRB1 with the survival time support, and packets 1 and 2 of DRB1 transmit via the same HARQ process of one CG. The UE receives two retransmission grants for packet 1 before the TX-side timer for packet 1 expiry and receives one retransmission grant for packet 2 after the TX-side timer for packet 1 expiry. The UE may erroneously activate PDCP duplication if the UE does not perform the resetting before incrementing the counting number upon the TX-side timer expiry. Thus, we suggest to combine the HARQ-NACK counting and the TX-side timer. The UE needs to reset the HARQ-NACK counting number when the TX-side timer expiry for the corresponding HARQ process or logical channel.
Proposal 4 Especially in the case of N > 1, RAN2 considers the combination of the HARQ-NACK counting and the TX-side timer. 
Proposal 5 Especially in the case of N > 1, reset the HARQ-NACK counting number when the TX-side timer expiry for the corresponding HARQ process or logical channel.
The following is one implementation of the combination of the HARQ-NACK counting and the TX-side timer,
1) Step1: The network configures the ST-related parameters for one DRB, including e.g. N, TX-side timer, and the ST enabler. For simplicity, the network configures 1: 1 mapping for this DRB and one specific CG and this CG is associated with one HARQ process.
2) Step2: The UE MAC performs the determination of triggering the survival state for this DRB. Note that this DRB is outside the survival time state. In detail,

· ST_COUNTER, a new variable to calculate the consecutive HARQ-NACKs, is initially set to 0 for the corresponding HARQ process;

· Start or restart the TX-side timer for the corresponding HARQ process when the initial transmission of a packet of this DRB is performed;

· If one retransmission grant for the corresponding HARQ process is received when the TX-side timer is running, increment ST_COUNTER by 1 for the corresponding HARQ process;

· If a new transmission grant for the corresponding HARQ process is received when the TX-side timer is running, reset ST_COUNTER to 0 for the corresponding HARQ process; 
· If ST_COUNTER = N before the TX-side timer expiry, reset ST_COUNTER to 0 for the corresponding HARQ process and indicate the upper layer to activate PDCP duplication;

· If ST_COUNTER < N upon the TX-side timer expiry, reset ST_COUNTER to 0 for the corresponding HARQ process.
3) Step 3: The UE PDCP activates PDCP duplication upon the reception of the PDCP duplication activation indication for the lower layer.

3 Conclusion

Based on the discussion above, we propose the following:

Proposal 1
RAN2 considers to focus on the case of N = 1 and to de-prioritize the case of N > 1 in Rel-17.
Proposal 2
To support the survival time in UCE, explicit DFI-NACK signaling can be used for the survival time state triggering.
Proposal 3
To support the survival time in UCE, the CGRT expiry can be used for the survival time state triggering.
Proposal 4
Especially in the case of N > 1, RAN2 considers the combination of the HARQ-NACK counting and the TX-side timer.
Proposal 5
Especially in the case of N > 1, reset the HARQ-NACK counting number when the TX-side timer expiry for the corresponding HARQ process or logical channel.
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