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1 Introduction 
In the WID of enhanced IIoT and URLLC support for NR, the following objective about RAN enhancements on new QoS parameters is included [1]:

	1. RAN enhancements based on new QoS related parameters if any, e.g., survival time, burst spread, decided in SA2. [RAN2, RAN3] 


During RAN2 #115e [2], the following latest agreements were reached:

Agreements

1. RAN2 does not assume that physical HARQ-NACK messages are always available, i.e. RAN2 will not mandate explicit HARQ-NACK feedback

2. Given the application message size range under study, RAN2 will not optimize the ST design based on case of segmentation of message into multiple TBs. (This does not preclude the use of RLC segmentation; instead, it rules out optimizations for the case with RLC segmentation) 

3. 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.  

4. RAN2 will at least continue working and discussing the HARQ NACK solution.  Details are FFS. 

An ongoing two-phase email discussion to take phase to further specify the UE-based HARQ-NACK solution. We aim to give our views regarding the RAN enhancements needed to support survival time QoS.

2 UE Procedure to start PDCP duplication
Since RAN2 decided not to mandate HARQ-NACK feedback, RAN2 has the task of finding ways to signal an “implicit NACK”, i.e., some way for the UE to quickly infer 1 or more HARQ-NACKs to trigger the reliability increase associated with the survival state, which RAN2 agreed is going to be achieved via PDCP duplication.

Observation 1: RAN2 must define how a HARQ-NACK can be inferred at the UE when explicit HARQ feedback is unavailable, as is the case in licensed band. 

The most straightforward method to do that is to interpret a DCI indicating re-tx to a CG carrying a Survival time DRB as a HARQ-NACK. Given that we assume that a DRB configured with survival time would have periodic deterministic traffic and is scheduled on a dedicated CG. Let us denote this CG as CG1. The MAC can identify this re-tx grant and map it to a DRB with an ST flow by verifying that:

1. Re-tx DCI is scrambled by CS-RNTI

2. HARQ Process ID corresponds to CG1

3. NDI is not toggled

4. The CG timer of CG1 is running.

Given that MAC can verify all this information by decoding the re-tx DCI, we expect the UE to quickly identify this “implicit” HARQ-NACK with no issues.  
Proposal 1: For the licensed band, a DCI scheduling a retransmission of a CG carrying a DRB with Survival Time configuration indicates a HARQ-NACK that activates pre-configured PDCP duplication at the UE. 

One important question that came up during the email discussion [3] was the question of how a UE can identify that this re-tx DCI belongs to a DRB configured with PDCP duplication for survival time? Specifically, the UE needs to make this inference at the MAC to signal to the PDCP to start duplication. A straightforward way to do that is to make sure that one or more CG(s) are designated to carry DRBs configured with survival time. This way, any HARQ-NACK indication for such a CG would cause PDCP duplication activation without the need for complicated mapping between MAC and PDCP.

Proposal 2: The UE to designate one or more CG configuration(s) to only carry DRBs configured with survival time.  
There has been some discussion of how PDCP duplication should be done with some companies proposing an adaptive version of PDCP where the UE would need to activate some of the configurable RLC legs but not the others. In our view, this feature aims to avoid consecutive losses by maximizing reliability in survival state. As such, we do not see much value in the possible dynamicity of RLC switching to compensate for the complexity of signalling that would be needed to achieve that. 

Proposal 3: The Network configures a subset of available RLC legs for the UE to activate upon entry to survival state. The UE activates all configured legs, following entry into Survival state. 
2.1 Overall Procedure of activating PDCP duplication
In the figures below, we present three examples of UE activating PDCP duplication upon receiving a retransmission DCI for a CG carrying a DRC configured with survival time. For simplicity, all figures show PDCP duplication with two RLC legs. We show how the MAC PDUs can be carried on a DG, CG Type 1 or CG Type 2, each with its own utility.
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Fig la. PDCP duplication with DG on CC2

Fig. 1b. PDCP duplication with CG Type 1 on CC2
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Fig. lc. PDCP duplication with CG Type 2 on CC2




Observation 2: After PDCP duplication activation, the duplicated traffic can be carried on a DG, CG Type 1 or CG Type 2.
One issue that has been extensively debated in the past meetings is how the gNB can make available the resources on CC2 (generally, the RLC legs that would be activated upon PDCP duplication to carry duplicated traffic). On one hand, for a critical application, it may make sense for the network to configure the resource to be used only upon PDCP duplication in survival state and possibly waste it outside of survival state or leave it to the UE to schedule lower priority traffic on that resource as long as survival state is not entered. However, some views have expressed concerns regarding the resource wastage preferring to quickly activate a CG type 2 using DCI upon detection of survival state by gNB, or even going farther as to bypass the DCI step of activation in favour of some automatic activation instead of CG instead. 

However, in Fig 1b, we offer an alternative that does not require resource wastage using CG Type 1on CC2. In short, the CG type 1 is always activated, however, LCH restrictions are used to ensure that this CG only carries duplicated traffic in survival state. Outside of survival state, although the CG is technically active, it does not carry any duplicated traffic. Since the UE and gNB both know accurately the start and end of survival state, the CG can safely reassign those CC2 resources to the same/other UEs preventing resource wastage. 

Observation 3: Configuring a Type 1 CG to carry duplicated traffic in survival state guarantees the availability of resources upon duplication activation while preventing resource wastage outside of survival state. 

Generally, the network can configure any of the following grants to carry duplicated traffic:
· CG Type 1: To guarantees the availability of resources upon duplication activation while preventing resource wastage outside of survival state and to minimize DCI overhead and not mandate gNB activates/allocates resources within a very short ST window.
· CG Type 2: To activate resources for the duration of survival state or until deactivation and to give the gNB flexibility in configuring PHY parameters such as MCS upon duplication activation. CG type 2 would have higher overhead than CG type 1 but lower overhead than DG.

· DG Should be the baseline solution for the gNB to allocate resources dynamically for duplicated traffic. This gives maximum flexibility and maximum overhead. Also useful as a fallback when the UE does not have multiple CG capability.

Proposal 4: RAN2 does not need to specify how radio resources are provided for activated legs as the network implementation can guarantee the availability of resources in survival state without resource wastage outside of survival state.
3 Configuration of UE behaviour
During the last meeting, RAN2 agreed that “1.
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.”. Thus, one task RAN2 should undertake is to specify how the network can configure the survival time behaviour including the number of RLC legs to be activated upon ST entry. There are several options 

· Option 1: Survival time behaviour is part of the CG configuration.
· Option 2: Survival time is configured at the DRB level.
For the first option, it has been assumed by RAN2 throughout earlier discussions that the ST flows are carried over designated CG(s). Since, we assume that a HARQ-NACK means a retransmission grant for a CG carrying an ST flow, the most straightforward way would be to make survival time behaviour a CG configurable property. Once the MAC receives this L1 DCI HARQ-NACK signal, it can signal that to the PDCP to begin duplication. This replicates the procedure used for MAC CE duplication with a change to the trigger (MAC CE to DCI which can even be transparent to the PDCP). The disadvantages of that option however would be 1. Unclear what to do when some form of duplication is already active outside of survival state. 2. Forces the ST flows to be carried only on CG so that might cause some forward compatibility issues if RAN decides to extend the procedure for non-periodic flows in the future. 

The second option attempts to map this Survival time QoS property directly to the radio bearer. This has the advantage that the required behaviour can be specified in PDCP-config directly, which would be the most straightforward way to specify how the duplication activation should work. The disadvantage is that it is not immediately clear how the MAC can identify the DRB configured with survival time, however if Proposal 2 is adopted that should facilitate identifying HARQ-NACKs that belong to a DRB configured with Survival Time, thus, option 2 is the more appropriate one to configure the duplication behaviour
Proposal 5: The Survival time behaviour is configured at the DRB-level configuration. 
4 Extension to Unlicensed bands

In the RAN 114e meeting, the following agreement was reached [4]:

“No specific enhancements in support of Survival Time in UCE will be studied in R17, but we should aim for solutions for Survival time that also work in UCE”

Since this agreement, the scope of the survival time procedure has been narrowed down to the basic operation of activating PDCP duplication after receiving a HARQ-NACK after a CG transmission. At a high-level this operation does not distinguish between Licensed bands and UCE. The difference would come down to the interpretation of the “HARQ-NACK” term. Where in the licensed band, this HARQ-NACK is interpreted to be a retransmission grant, no such interpretation is necessary in UCE (provided CG-retransmission grant is configured) since an explicit DFI is available in this case as well as LBT failures.
Observation 4: The basic RAN2 solution for survival time is applicable for licensed band and UCE. The difference would be in how a “HARQ-NACK” is inferred at the MAC.
Observation 5: HARQ-NACK and re-tx indications at the UE can be directly mapped to additional UCE triggers aside from the DCI re-tx grant studied in licensed band.
Proposal 6: RAN2 to extend the HARQ-NACK triggers in UCE to include DFI feedback, LBT failures and/or CGRT grant timer expiry.
5 Conclusion
Observations and proposals from the above discussion are copied below.
Observation 1: RAN2 must define how a HARQ-NACK can be inferred at the UE when explicit HARQ feedback is unavailable, as is the case in licensed band. 

Proposal 1: For the licensed band, a DCI scheduling a retransmission of a CG carrying a DRB with Survival Time configuration indicates a HARQ-NACK that activates PDCP duplication at the UE. 

Proposal 2: The UE to designate one or more CG configuration(s) to only carry DRBs configured with survival time.  
Proposal 3: The Network configures a subset of available RLC legs for the UE to activate upon entry of a survival state. The UE activates all configured legs, following entry into Survival state. 

Observation 2: After PDCP duplication activation, the duplicated traffic can be carried on a DG, CG Type 1 or CG Type 2.
Observation 3: Configuring a Type 1 CG to carry duplicated traffic in survival state guarantees the availability of resources upon duplication activation while preventing resource wastage outside of survival state. 

Proposal 4: RAN2 does not need to specify how radio resources are provided for activated legs as the network implementation can guarantee the availability of resources in survival state without resource wastage outside of survival state.
Proposal 5: The Survival time behaviour is configured at the DRB-level configuration. 
Observation 4: The basic RAN2 solution for survival time is applicable for licensed band and UCE. The difference would be in how a “HARQ-NACK” is inferred at the MAC.
Observation 5: HARQ-NACK and re-tx indications at the UE can be directly mapped to additional UCE triggers aside from the DCI re-tx grant studied in licensed band.
Proposal 6: RAN2 to extend the HARQ-NACK triggers in UCE to include DFI feedback, LBT failures and/or CGRT grant timer expiry.
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