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Survival time and solutions has been discussed in [1]. This contribution further compares the solutions listed in [1]: gNB implementation, UE-based with proactive trigger, and UE-based with reactive trigger.
Discussion
Solution only based on gNB implementation
Based on proponents’ inputs, we understand that when gNB detects the trigger of survival time mode, it can solve it by increasing the link reliability for the transmission of the next message via:
Alt1: sending a (re)-activation command for the failed CG configuration;
Alt2: activating PDCP duplication via CG activation.
For Alt1, the network uses the (DCI to CS-RNTI w/t NDI = 0) to act on the CG type 2 re-activation instead of provisioning a dynamic grant (DCI to CS-RNTI w/t NDI = 1) for the failed message. From the discussion in [1], we understand that Alt1 proponents do not consider recovering the failed message at all. We think this quite inflexible because even if the e2e latency is violated, a good RAN implementation may choose to deliver the packet anyways, as it may still be useful for the application to get it. Another drawback of Alt 1 is that CG type 2 reconfiguration can only play with MCS for improving the reliability, but that may not be sufficient to address deep link quality decrease due to e.g. beam blockage (which is why duplication was designed for NR in first place). Additionally, reliability improvement for CG type 1 is an important issue and it cannot be solved by Alt1.
For Alt2, it is different from traditional PDCP duplication activated by MAC CE. It is a network implementation solution to activate PDCP duplication for survival time by sending a DCI command. “Network can configure and activate PDCP duplication in a second cell, and the duplicate RLC entity on this cell is restricted by LCP restriction configuration to be sent on a configured but de-activated CG. The PDCP discard timer is set equal to the PDB. The network can send a DCI activation command to activate this CG if it sees the need.  Since the PDCP discard timer is set equal to PDB, when the CG is activated, only the latest PDCP duplicate packet from the UE will be transmitted.”[1]
According to the above description, PDCP discard timer has to be set equal to the PDB. So a first observation is that the same assumption as for Alt1 holds: this solution does not consider recovering the failed message at all.
Observation 1-1: Solutions for handling Survival Time only based on gNB implementation, only allow a RAN implementation where the failed message triggering Survival Time is not recovered, i.e. RAN does not deliver the packet (even late).
Moreover on Alt2, when the UE received DCI activation command from NW, the PDCP discard timer of the previous PDCP SDU must have been expired. Otherwise, the previous PDCP SDU will be duplicated and both this packet and the new duplicate packet will exceed PDB. However, in the most stringent usecases of Table 5.2-1 from TS22.104 [3], the requirement for the e2e latency is that it is < transfer interval, meaning that the PDB is expected to expire when the next packet is transmitted. Therefore, as shown in Figure 1, for the duplicated leg, upon CG activation, there is an ambiguous interval where the UE should prepare the previous SDU for transmission although also expected to discard the SDU. We think which of both actions occur first will likely depends on the UE implementation and cannot be predictable. 


[bookmark: _Ref71405087]Figure 1: Ambiguous interval for discarding or transmitting the previous SDU with DCI-based duplication activation
Observation 1-2: Handling Survival Time by DCI-based reconfiguration of the failed CG configuration can only play with MCS for improving the reliability, but that may not be sufficient to address deep link quality decrease due to e.g. beam blockage (which is why duplication was designed for NR).
Observation 1-3: Handling Survival Time by activating PDCP duplication via CG activation depends on how UEs handle the conflicting simultaneous processes of SDU transmission and discard.
From another aspect, Alt2 is too restrictive for the duplicate cell. In Alt2, the duplicate cell is activated always. To avoid duplicated PDU transmission before specific CG activation, gNB should prohibit the LCH of the non-primary leg using DG and CG in this cell. Prohibiting LCH of the non-primary leg using other CGs is easy. But for dynamic grant, in certain cell, LCH restriction parameters only include allowedSCS-List, maxPUSCH-Duration. To prohibit the LCH of duplicate PDCP using dynamic grant, all LCHs using resources in this cell should have longer maxPUSCH-Duration which means URLLC service similar or more stringent than the specific service cannot be scheduled dynamically in the cell. Additionally, because of the activated duplication, the LCH of primary leg cannot use the duplicate cell always.
Observation 1: Addressing Survival Time by gNB implementation only is inflexible and not suitable for all cases.
UE-based with proactive trigger
UE-based with proactive trigger is defined as “UE does not rely on any kind of feedback (e.g. new dynamic grant, re-transmission grant, or ARQ NACK) from the receiver (gNB), but the UE proactively boost the reliability of at least one burst in every N-th incoming burst to make sure consecutive error of N burst does not occur. The PDCP layer may directly determine how to deal with a incoming packet based on its sequence number (SN)”.
The main drawback is the resource waste associated with blindly boosting the transmission which can be up to every other packet for periodic deterministic with 0.5ms period and ST.
Observation 2: UE-based with proactive trigger is resource inefficiency.
UE-based with reactive trigger
Assuming the Survival Time is triggered upon receiving the gNB dynamic retransmission grant (acting as “NACK”), there is no need for gNB to send any additional PDCCH order. Based on the round-trip time analysis in Table 1, following this PDCCH reception and decoding, the UE is left with t > 500-420 = 80 µs to apply the pre-configured link improvement, e.g. duplication activation, for the next CGO, as shown in Figure 3. Indeed, t is larger than 80 µs in practice because the latency component (5) in the 420 µs includes both PDCCH decoding and PUSCH preparation time whereas UE is aware of “NACK” as soon as it has decoded the PDCCH.



Figure 2: Minimum round-trip time for a retransmission
[bookmark: _Ref71458248]Table 1: Minimum round-trip time for a retransmission
	u
	df [kHz]
	Latencies (symbols)
	u
	df [kHz]
	Min ReTx latency

	
	
	(1)
	(2)
	(3)
	(4)
	(5)
	
	
	sym
	us

	0
	15
	2.00
	4.00
	2.00
	1.00
	2.50
	0
	15
	11.50
	821.43

	1
	30
	2.00
	6.50
	2.00
	1.00
	2.75
	1
	30
	14.25
	508.93

	2
	60
	2.00
	13.00
	2.00
	1.00
	5.50
	2
	60
	23.50
	419.64





[bookmark: _Ref68108372]Figure 3: Implicit duplication activation of the DRB carried in failed CG upon receiving a dynamic grant for retransmission
Another benefit is that, as shown in Figure 3, no additional HARQ process must be configured on the configured grant configuration to support the feature.
Note that a solution based on HARQ NACK reception assumes gNB always sends NACK upon reception failure and one could argue that for such stringent usecase, it is not worth scheduling a retransmission since the e2e latency is violated anyways. However:
· If that is the case, NACK can simply be provided via DFI (as in NR-U)
· Even if the e2e latency is violated, a good RAN implementation may choose to deliver the packet anyways, as it may still be useful for the application to get it.
Compared with activating PDCP duplication via CG activation by gNB implementation only, this solution can use all resources including the resource in possible duplicate cell efficiently. 
Compared with UE-based with proactive trigger, in this solution, UE needs to adopt the mechanism with high reliability (such as duplication, robust MSCS) only when entering survival time mode. Hence it will not result in resource waste. 
Moreover, in normal state, gNB knows as soon as upon correct decoding of the UL transmission that UE won’t use the additional resources for reliability increase “reserved” for the next message transmission in case it would have entered ST. And so the gNB can schedule other UEs on these additional but unused resources. Such scheduling can be e.g. a dynamic grant for a PUSCH overlapping with said additional resources, e.g. targeting eMBB traffic. Thus, such additional resources are not wasted. It was pointed out in [1] that it cannot be guaranteed that the UE does not use these resources for other purposes e.g. MAC CE only, or a padding MAC PDU due to UCI multiplexing. Clearly the CG configuration configured for such additional resources must be dedicated to the LCH configured to be used during Survival Time, e.g. in case of duplication, the LCH associated with the non-primary leg via LCP restriction (allowedCG-List). Then, in case of padding MAC PDU due to UCI multiplexing, the network is aware of it and so it can anticipate not scheduling other UEs in that case. This cannot really be considered as a waste of resources because the grant indeed carries something (UCI), so is not wasted. And, given such resources, their usage and configuration will require a normative addition to the specification, such addition can also include that the UE is not allowed to use them for transmitting a MAC CE outside Survival Time.  
Observation 3-1: UE-based with reactive trigger can use resource efficiently without resource waste.
Observation 3-2: UE-based with reactive trigger meets the requirements for the most stringent TSN flows of TS22.104 reusing the legacy CG configuration for that flow and allows a wide range of transmission reliability increase (duplication, MCS, priority, …) based on pre-configuration. 
Observation 3: UE-based with reactive trigger can deal with Survival Time with flexibility and resource efficiency. 

Proposal: UE-based with reactive trigger is supported.
3. Conclusion
In this contribution, we compare solutions for survival time and provide below observations and proposal.
Observation 1: Addressing Survival Time by gNB implementation only is inflexible and not suitable for all cases.
Observation 1-1: Solutions for handling Survival Time only based on gNB implementation, only allow a RAN implementation where the failed message triggering Survival Time is not recovered, i.e. RAN does not deliver the packet (even late).
Observation 1-2: Handling Survival Time by DCI-based reconfiguration of the failed CG configuration can only play with MCS for improving the reliability, but that may not be sufficient to address deep link quality decrease due to e.g. beam blockage (which is why duplication was designed for NR).
Observation 1-3: Handling Survival Time by activating PDCP duplication via CG activation depends on how UEs handle the conflicting simultaneous processes of SDU transmission and discard.
Observation 2: UE-based with proactive trigger is resource inefficiency.
Observation 3: UE-based with reactive trigger can deal with Survival Time with flexibility and resource efficiency. 
Observation 3-1: UE-based with reactive trigger can use resource efficiently without resource waste.
Observation 3-2: UE-based with reactive trigger meets the requirements for the most stringent TSN flows of TS22.104 reusing the legacy CG configuration for that flow and allows a wide range of transmission reliability increase (duplication, MCS, priority, …) based on pre-configuration. 

[bookmark: _GoBack]Proposal: UE-based with reactive trigger is supported.
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