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Introduction
In last meeting, survival time was discussed and agreed as below.
Agreements:
1	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)
2	Survival Time triggered proactively based on Sequence Number is deprioritized
3	UE-based reactive solution based on RLC-NACK is not pursued
4	RAN2 will work/study UE-based reactive solutions to address survival time on top of gNB implementation. RAN2 assumes that gNB implementation solutions on their own are not sufficient.  
This contribution addresses further details of UE-based reactive solution. Although several UE-based reactive solutions have been mentioned in previous and current email discussions [1][2], we will discuss HARQ-NACK based implicit duplication activation only because it is simple and effective.
Discussion
General principle of HARQ-NACK based implicit duplication activation
In this solution, UE activates PDCP duplication autonomously based on HARQ-NACK reception (such as DG scheduling for retransmission). This is a fast reaction and can be applied to the most stringent URLLC requirement considered in the agreements of last meeting (transfer interval = survival time = 0.5/1/2ms).
However, the details of this solution should be clarified to verify its practical implementation.


[bookmark: _Ref74297856]Figure 1: HARQ-NACK based ST trigger: general principle 
Details of HARQ-NACK based implicit duplication activation
We identify below issues based on previous discussion and will address them step by step.
Issue #1: Who configures, and how, survival time support?
Issue #2: How UE selects and activates the secondary RLC(s) for survival time?
Issue #3: Resources for autonomous duplication
Issue #4: Trigger of survival time operation
Issue #5: Cancel survival time operation
[bookmark: OLE_LINK3]Issue #1: Who configures, and how, survival time support?
Some companies [3][4] mentioned that Survival Time information is provided to UE via NAS signalling. But given gNB must be aware of it anyways, the simplest approach is that gNB configures Survival Time operation by RRC.
[bookmark: _Ref78635881][bookmark: _Ref78635936]Proposal 1: Survival Time operation is RRC-configured.
Upon entering survival time, UE triggers duplication. Since duplication is at DRB level, it then makes sense that survival time is configured at DRB level (in PDCP-Config). A new parameter survivalTimeSupport can be added in PDCP-Config to indicate whether to support survival time and related operations. Meanwhile, to perform HARQ-NACK based implicit duplication activation, a DRB configured with survivalTimeSupport must also be configured with PDCP duplication via either moreThanOneRLC or moreThanTwoRLC-DRB, and the associated RLC entities.
[bookmark: _Ref78635941]Proposal 2: Survival Time support is configured at DRB level, and a new parameter survivalTimeSupport can be added in PDCP-Config along with PDCP duplication configuration.
Issue #2: How UE selects and activates the secondary RLC(s) for survival time?
Rel-16 and Rel-17 have two sets of configurations for secondary RLC(s): moreThanOneRLC and moreThanTwoRLC-DRB. 
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Case 1: UE is configured with moreThanOneRLC
In case 1, the single secondary RLC entity can be activated when PDCP duplication is activated. There is no ambiguity.
· Case 2: UE is configured with moreThanTwoRLC-DRB
In case 2, there are three options for secondary RLC entities selection.
- Option 1: UE activates all configured RLC entities upon entering Survival Time
The pros and cons of option 1 are as below.
· Pros: the simplest approach.
· Cons: somehow inflexible.
- Option 2: gNB explicitly configures the RLC entities to be activated upon entering Survival Time via a new parameter, such as survivalTimeDuplicationState.
The pros and cons of option 2 are as below.
· Pros: still rather simple.
· Cons: slightly more flexible than option 1 but not reasonable: given survival time is the most critical time a DRB can experience, why would NW configure a DRB with N legs for duplication, but would only use a subset of those during Survival Time? In other words, in which (even more severe) case would NW activate the remaining legs?
- Option 3: UE activates those RLC entities where there exists a transmission opportunity (DG or CG) configured or scheduled by gNB for other DRBs, and prioritizes the transmission of secondary LCH(s) of the ST-DRB over LCHs from other DRBs (opportunistic activation of secondary RLC(s)).
The pros and cons of option 3 are as below.
· Pro: gNB does not need to configure dedicated CGs for the secondary LCHs and re-uses those available instead, hence no resource waste outside of Survival Time.
· Cons:
· The UE may be a simple sensor and is only serving one traffic with survival time. So only one DRB exists.
· The CG resources for other DRBs must match the requirements of the ST DRB traffic (TBS, MCS, and period).
· Kind of complex.
Option 1 does the job in a simple manner; Option 2 is not reasonable; and Option 3 cannot be sufficient e.g. for a UE serving only one single traffic (with survival time). So option 1 is preferred.
[bookmark: _Ref78635944]Proposal 3: Upon entering Survival Time for a DRB, the UE activates duplication for all associated RLC entities.
Issue #3: Resources for autonomous duplication
UE can activate PDCP duplication practically only when it can get resources for duplicate PDU transmission timely. Basically, dedicated CG resources can be configured by gNB and can be used by the UE when PDCP duplication is activated.
The gNB configures CG type-1 resources or configures and activates CG type-2 resources for duplication, even though they will not be used outside survival time as Figure 2. Since gNB can identify the CG resources out of survival time, it can allocate overlapping resources to other UEs (CG type-2 or dynamic grant). Upon the ST-UE entering Survival Time, gNB deactivates (PDCCH command) the overlapping CG type-2 configured for another UE (or refrain from scheduling an overlapping dynamic grant) and the ST-UE can use them. In which case there is no resource wastage. 


[bookmark: _Ref78578669]Figure 2: CG resources configured to potential duplication
The issue is to make sure that ST-UE will not use such CGs outside survival time. And it was argued that two cases could occur [2]:
· UE uses the CG resource for sending UCI. Since UCI multiplexing on PUSCH is due to the need to carry either DL HARQ-ACK and/or aperiodic CSI, a corresponding solution could be that it is left to NW to avoid that any such UCI is triggered during such CG resources. Alternately, it could be captured in the specification that such CG resources for duplication cannot carry UCI outside survival time.
· UE uses the CG resource for sending MAC CE. The corresponding solution could be to capture in the specification that UE is not allowed to send any MAC CE in such CG resources for duplication outside survival time.
Above solutions can be categorized as Option 1:
Option 1:
· gNB configures and activates dedicated CG resources in the CCs associated with the secondary RLC entities;
· LCP restrictions are configured so that only each secondary LCH can use each CG configuration in the corresponding CC;
· [bookmark: OLE_LINK9][bookmark: OLE_LINK12]MAC is not allowed to multiplex any MAC CE in such CG outside Survival Time;
· PHY is not allowed to multiplex any UCI in a PUSCH transmission using such CG outside Survival Time.
The pros and cons of option 1 are as below.
· Pros: minimal specification impact.
· Cons: last two bullets bring not so nice restrictions.
Option 2:
· gNB configures dedicated CG resources in the CCs associated with the secondary RLC entities, and they are initialized as “deactivated”. The configuration includes resource information, as for CG type-1.
· LCP restrictions are configured so that only each secondary LCH can use each CG configuration in the corresponding CC. Thus there is no need to add an explicit RRC parameter linking the CG and the RLC entity.
· Upon entering Survival Time, UE activates the secondary RLC entity(ies) and activates the associated CGs.
The pros and cons of option 2 are as below.
· Pros: nice and clean solution, addresses all issues of resource wastage. Can be generalized to any duplication activation scenario (not specific to a Survival Time DRB), thus “grouping” the Duplication activation MAC CE and the CG type-2 activation into one single command. 
· Cons: introduce a variant of CG type-1, in which the initial state of CG type-1 is “deactivated”.
[bookmark: _Ref78635959]Proposal 4: Dedicated CG resources can be configured to ST-UE for the duplication paths and
· Specification restricts the ST-UE from using the CG out of survival time, or
· The initial state of CG type-1 is set to “deactivated” and UE activates it autonomously when activating duplication for the associated RLC entity.

Issue #4: Trigger of survival time operation
In preceding meetings, some companies think that for such traffic with so short e2e latency requirement, it does not make sense for gNB to provide a retransmission grant for a failed packet because the e2e latency is not met anyways. Other companies, on the contrary, believed that it could still be useful for the application to get the message, even late. In the latter case, it is obvious that the trigger for entering survival time should be the dynamic grant for the retransmission of the failed packet. In the former case, there is no dynamic grant for retransmission. Considering gNB knows survival time requirement of the UE, a signal carrying the indication that the packet transmission failed would be needed to trigger Survival Time. This could be e.g. a standalone HARQ-NACK, similar to the NR-U’s CG-DFI. However, RAN1 agreed that CG-DFI operation is linked to the configuration of the cg-RetransmissionTimer so the legacy DFI-NACK cannot be used “as is” for triggering Survival Time. Another approach could be a dynamic grant with zero resource allocation for the failed HARQ process. But in any case, this involves PDCCH design and so requires looping RAN1. From our perspective, it is rather late in this release for involving RAN1 in such design and considering that for such traffic Survival Time is expected to be triggered quite infrequently, mandating the gNB to schedule a retransmission grant for the (rare) failed packets is not seen as a big issue. Therefore, at least for this release, we think we should remain with the simple solution that Survival Time is triggered in the UE by receiving a dynamic grant for a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.
[bookmark: _Ref78635964]Proposal 5: Survival Time is triggered in the UE by receiving a dynamic grant for a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.
Issue #5: Cancel survival time operation
After entering survival time state, UE needs to decides when and how to cancel the survival time operation, that is, how to deactivate the PDCP duplication.
Three options could be considered:
Option 1: based on timer or number of consecutive success packets (configured by gNB).
Option 2: after one packet is transmitted successfully.	.
Option 3: gNB simply deactivates the duplication via MAC CE. Simple and straightforward. No need for any timer or packet counting.
Obviously option 3 is simple and direct.
[bookmark: _Ref78635978]Proposal 6: gNB decides when to exit Survival Time and deactivates duplication via MAC CE accordingly.
UE behaviour in Survival Time
Based on the details in section 2.2, this section wholly descripts UE behaviour in survival time. Once a DRB is configured with survivalTimeSupport, the MAC has two possible behaviours:
1) The DRB is configured with moreThanOneRLC
The MAC behaviour consists in triggering PDCP duplication activation for this DRB if it receives a dynamic grant for a retransmission of a MAC PDU carrying the primary LCH associated with this DRB, and PDCP duplication is not already activated:


Figure 5: Survival Time handling for a DRB configured with moreThanOneRLC 
 2) The DRB is configured with moreThanTwoRLC-DRB
The MAC behaviour consists in activating PDCP duplication for all remaining configured RLC entities for this DRB if it receives dynamic grants for retransmissions of all MAC PDUs carrying the primary and all activated secondary LCHs associated with this DRB:


Figure 6: Survival Time handling for a DRB configured with moreThanTwoRLC-DRB 

[bookmark: _Ref79078605]Proposal 7: Survival Time is triggered in the UE for a DRB configured to support Survival Time and configured with more than 2 legs duplication configuration (R16 duplication) by receiving, for each logical channel with PDCP duplication activated associated with this DRB, a dynamic grant for a retransmission of the last MAC PDU carrying that logical channel. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: _GoBack]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we reached below proposals.
Proposal 1: Survival Time operation is RRC-configured.
Proposal 2: Survival Time support is configured at DRB level, and a new parameter survivalTimeSupport can be added in PDCP-Config along with PDCP duplication configuration.
Proposal 3: Upon entering Survival Time for a DRB, the UE activates duplication for all associated RLC entities.
Proposal 4: Dedicated CG resources can be configured to ST-UE for the duplication paths and
· Specification restricts the ST-UE from using the CG out of survival time, or
· The initial state of CG type-1 is set to “deactivated” and UE activates it autonomously when activating duplication for the associated RLC entity.
Proposal 5: Survival Time is triggered in the UE by receiving a dynamic grant for a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.
Proposal 6: gNB decides when to exit Survival Time and deactivates duplication via MAC CE accordingly.
Proposal 7: Survival Time is triggered in the UE for a DRB configured to support Survival Time and configured with more than 2 legs duplication configuration (R16 duplication) by receiving, for each logical channel with PDCP duplication activated associated with this DRB, a dynamic grant for a retransmission of the last MAC PDU carrying that logical channel.
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