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1. Introduction

In the last 116bis-e meeting, RAN2 has made the following agreements for QoS survival time [1]:

Agreements

1
For the issue that a CG resource may be insufficient for the UE to include the whole application layer message in one configured grant if a MAC CE is to be transmitted in the same CG, it is up to gNB implementation to ensure CG resources are appropriately configured.

2
Survival Time support is configured at DRB level and a new RRC parameter is added in PDCP-Config.

3
 Existing LCH to CG mapping restrictions are used to ensure DRBs in support of Survival Time are mapped to one or multiple CGs. No specification change is foreseen.

4
RAN2 assumes that Rel-16 LCH to CG mapping restrictions can be used to prevent a case where DRBs with and without a Survival Time requirement are mapped to the same CG. The setup of mapping restrictions is up to gNB implementation. No specification change is foreseen. 

5
Following entry to Survival Time, PDCP duplication is activated for all associated RLC entities that are configured for a DRB. The RLC entities are identified using the Rel-15/16 options for RRC configuration of associated RLC entities
6
The index of LCHs in the MAC PDU that a retransmission grant relates to is used to identify triggering of Survival Time state of a DRB. The MAC layer can receive information from upper layers as to which LCIDs are associated with Survival Time.

7
Following a HARQ-NACK, entry to Survival Time state is triggered only for the DRBs (with a requirement for Survival Time) which are included in the MAC PDU associated with the grant used for transmission of the TB

8
We will support the case where N=1.  FFS if cases with N>1 are supported


In that case, when PDCP duplication is already activated in dual connectivity, in order to minimize dependencies between MAC entities in a configuration with survival time the UE enters Survival Time upon reception of one HARQ NACK at either MCG or SCG.   


Within a MAC entity, the determination of HARQ-NACKs does not incur interaction between different CCs. When PDCP duplication is already activated in CA duplication for a configuration of survival time, the UE enters Survival Time upon reception of one HARQ NACK at any CC.

9
RAN2 assumes that SDUs from multiple DRBs with a Survival Time requirement (potentially with a different transfer interval and/or lead time for Survival Time entry) are not mapped to the same CG. Setup of appropriate mapping restrictions is up to gNB implementation. No specification change is foreseen.

In this contribution, we will focus on the following open issues and provide our opinion:

· Whether retransmission grant for DG (addressed to C-RNTI) can be used as Survival Time state trigger.
· Whether N can be larger than 1 for Survival Time trigger.

· Whether other L1/L2 adaption shall be used when Survival Time state is triggered.

· Whether Survival Time support can be adopted on unlicensed band.
2. Discussion
Issue 1: Whether DG retx grant can be used as Survival Time state trigger
In previous RAN2 meeting, it was agreed that the baseline mechanism for Survival Time state triggering is CG retransmission scheduling (addressed by CS-RNTI). However, it is still open whether DG retransmission scheduling (addressed by C-RNTI) can also be adopted as Survival Time state trigger.
Up to now, we have defined multiple LCP restrictions to appropriately map logical channels to uplink grant as follows:
	The MAC entity shall, when a new transmission is performed:

1>
select the logical channels for each UL grant that satisfy all the following conditions:

2>
the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and

2>
maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and

2>
configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and

2>
allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) when CA duplication is deactivated for this DRB in this MAC entity; and

2>
allowedCG-List, if configured, includes the configured grant index associated to the UL grant; and

2>
allowedPHY-PriorityIndex, if configured, includes the priority index (as specified in clause 9 of TS 38.213 [6]) associated to the dynamic UL grant.
NOTE:
The Subcarrier Spacing index, PUSCH transmission duration, Cell information, and priority index are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.


Through ‘allowedCG-List’, the network is able to configure suitable mapping relationships between logical channel(s) and configured grant configuration(s). Taking one to one mapping as an example, only the data packets from the specific logical channel can be conveyed through the mapped configured grant. If the DRB associated with the logical channel is further configured with Survival Time support, the network can perceive that the DRB needs to enter Survival Time state when it fails to decode a CG transmission. The network can feedback ‘HACK-NACK’ to the UE, in order to trigger the DRB to enter Survival Time state. Thereafter the UE will transmit the packets from the DRB with robust mode, i.e. applying PDCP duplication. Meanwhile, the network is aware of that radio resources are needed for additionally activated legs of the DRB.
According to the above explanation, through suitable configuration about ‘allowedCG-List’, the network and the UE have exact the same knowledge about which DRB shall enter Survival Time state when a CG transmission fails. Furthermore, the network can timely allocate radio resources to the newly activated legs when the DRB enters Survival Time state. Besides, in RAN2#113-e meeting, we have agreed that ‘Only periodic traffic is considered for survival time work in Rel-17’. As we made multiple essential enhancements for configured grants to serve periodic IIoT traffic, we think it is a desired solution to adopt CG retransmission scheduling as Survival Time state trigger.

However, if DG is also used for a DRB with Survival Time support, the network may have no actual prior knowledge about from which specific logical channel(s) the packets are multiplexed into the MAC PDU generated for the DG. Even though several LCP restrictions are defined in spec, only ‘allowedSCS-List’, ‘maxPUSCH-Duration’ and ‘allowedPHY-PriorityIndex’ are suitable for DG. When the UE serves various IIoT services via different logical channels, it is quite difficult to distinguish multiple logical channels by different combination of the above three LCP restrictions in real deployment. There is a risk that the UE and the gNB have different understanding about which DRB will enter Survival Time state when the gNB schedules a retransmission grant for a prior DG. If the gNB doesn't provide radio resources for the activated legs of the DRB which triggers Survival Time state, the transmission reliability of the subsequent packet cannot be guaranteed, which may result in a violation of Survival Time requirement for the DRB.
Based on above consideration, we suggest that retransmission grant for DG (addressed to C-RNTI) is not used as Survival Time state trigger.
Proposal 1: Retransmission grant for DG (addressed to C-RNTI) is not used as Survival Time state trigger.
Issue 2: Whether N can be larger than 1 for Survival Time trigger
Another remaining issue is whether the triggering condition for entering Survival Time state shall be configurable number N(≥1) of consecutive HARQ-NACKs. 
First of all, we want to make some analysis about the necessity for multiple consecutive HARQ-NACKs as Survival Time trigger. Even though we have agreed that gNB implementation solutions on their own are not sufficient to address survival time, it is meant for the scenarios with the most stringent survival time requirements, for which UE-based reactive solutions are critical to have. However, for the scenarios where N>1 can be tolerated, we believe the network has sufficient flexibility and capability to adopt implementation based solutions to provide Survival Time support, even without HARQ-NACK based ST solution. 
Besides, the main motivation and benefit with N>1 is to prevent “too early” entering into Survival Time state in some scenarios, which will result in unnecessary lower resource utilization efficiency. However for IIoT traffic, the transmission reliability even for initial transmission shall not be very low, e.g. at least up to three nines. Thus, even with N=1, it can still be viewed as a rare event that the DRB is triggered to enter Survival Time state due to packet loss. The additional gain to further reduce the probability of Survival Time state triggering for the DRB is limited.
Further, we want to emphasize that, compared with simply fixing N=1 in spec, configurable N (≥1) would bring more spec impacts and standard efforts. For example, we need to introduce a counter to count the consecutive transmission failures, which will further involve the initialization, counting, resetting of the counter. Besides, even though we have agreed that MAC entity shall handle the determination of triggering survival time state based on HARQ-NACK(s), more discussions are probably needed on whether the counter shall be maintained per MAC entity, or per HARQ entity, or per HARQ process, or per CG configuration, etc. 

According to above analysis, and considering few time left for Rel-17 work, we suggest RAN2 to choose fixing N=1 HARQ-NACK as Survival Time state trigger.
Proposal 2: RAN2 to choose fixing N=1 HARQ-NACK as Survival Time state trigger.
Issue 3: Whether other L1/L2 adaption except PDCP duplication shall be considered
Another issue is whether some other L1/L2 adaptions except PDCP duplication shall be used when Survival Time state is triggered. Some other L1/L2 adaptions have been proposed by some companies, but have not been thoroughly discussed. Besides, even for normal transmission, a certain level of reliability shall be guaranteed which already requires robust L1/L2 configurations. There is less room for L1/L2 parameters adjustment for DRB entering Survival Time state. Considering limited time left for Rel-17, we suggest that other L1/L2 adaption except PDCP duplication is not further considered in this release for Survival Time support.
Proposal 3: Other L1/L2 adaption except PDCP duplication is not considered in Rel-17 for Survival Time support.
Issue 4: Whether Survival Time support can be adopted on unlicensed band
In RAN2#116-e meeting, there is an FFS point left about whether HARQ-NACK based ST solution can be supported on unlicensed band. In RAN2#113-e meeting, we have agreed that “Support for survival time in UCE is up to network configuration”. In UCE, the communication environment is quite stable and there is only sporadic LBT failure, thus IIoT in UCE can achieve approximate performance with that on licensed band. Companies may be concerned that it is still risky to incur a violation of survival time to support industrial application on unlicensed band. For example, when a CG transmission fails, and the subsequent CG retransmission scheduling command encounters LBT failure and the DRB cannot enter Survival Time state in time. 

However we don’t think this is an urgent issue, since RAN2 has already agreed that network can decide whether to support survival time in UCE. The network will support if it can tolerate the violation of survival time. Otherwise, it shall not allow such configuration. There is no need to further consider enhancements for Survival Time support on unlicensed band.
Proposal 4: Enhancements for Survival Time support on unlicensed band is not considered in Rel-17.
3. Conclusion

In this contribution, we have discussed several open issues on RAN enhancements for Survival Time support, and we made the following proposals:
Proposal 1: Retransmission grant for DG (addressed to C-RNTI) is not used as Survival Time state trigger.

Proposal 2: RAN2 to choose fixing N=1 HARQ-NACK as Survival Time state trigger.
Proposal 3: Other L1/L2 adaption except PDCP duplication is not considered in Rel-17 for Survival Time support. 
Proposal 4: Enhancements for Survival Time support on unlicensed band is not considered in Rel-17.
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