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1	Introduction
During RAN2 #114, we have reached the following agreements:
Agreement:
1. RAN2 does not consider the Burst Spread parameter in RAN
2. The Burst End Time parameter in RAN is out of scope for Rel-17 IIoT WI.
3. 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 
4. When Survival Time information is provided in TSC AI, RAN action (gNB and/or UE) can utilize it to improve the associated link reliability so that the survival time requirement is met
5. Study fast mechanisms for survival time handling and the need

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.  

Essentially, RAN2 should continue to investigate what “UE-based reactive solutions” should be pursued in Rel-17 to support survival time, i.e. avoid intolerable consecutive message error. The following key issues that should be addressed from our point of view are, namely:
· Under what conditions the UE should switch from normal state to survival time state?
· How/when the UE should switch back to normal state from survival time state?
· What transmission reliability boosting mechanisms the UE should apply to avoid intolerable consecutive message error?
· How to ensure a common understanding between UE and gNB on resource usage during survival time state?
This contribution aims to provide our views on the issues listed above.
2	Triggering and Exiting of Survival Time State
2.1	Triggering Conditions of Survival Time State
In principle, all companies seem to agree on improving link reliability once service flow enters survival time. It can be also observed that UE-based reactive triggers, for autonomous triggering of pre-configured more reliable UL transmission, have vast support across companies. For these reactive triggers mostly Tx-side timer or Tx-side counting of transmission failures have been envisioned. Additionally, for periodical deterministic traffic it would be possible to also detect packets lost in the upstream and trigger survival time in order to improve reliability for the subsequent packet arriving for transmission. Summary of pros and cons of reactive survival time triggers are given in Table 1. Observations are made for the most stringent use cases in mind, because for cases without stringent survival time requirements, the existing methods including configured grant reconfiguration, PDCP duplication activation etc. are expected to suffice. It should be also considered that both Tx-side timer and error counter methods require extremely short feedback RTT that can be achieved only with certain transmission numerologies, and assuming FDD bands (which are only available on spectrum < 2.7 GHz) or possibly for very limited and not commonly used TDD UL/DL configurations.
[bookmark: _Ref75849414]Table 1 Pros and cons of survival time triggering methods for the most stringent use cases
	Trigger
	Pros
	Cons

	Tx-side timer
A timer is started when packet arrives to UE’s transmission buffer
	If “ACK” would exist, then survival time violations could be avoided also when “NACK” is missed.

	In practice, requires acknowledgement for every transmission to work properly and/or to differentiate from error counter. Otherwise, timer would just add complexity. 
Because there is no PHICH channel in NR, explicit positive acknowledgements (not supported so far) would require new signalling and RAN1 involvement to figure out appropriate signalling without overwhelming waste of radio resources, if even feasible at all.
Using retransmission grant as a “NACK” (when actual retransmission would already violate PDB) would result in extra load and interference due to unnecessary PUSCH retransmission.
Specification complexity caused by cross-layer functionality.
Sensitive to delays in feedback.
In some cases it may be difficult for the gNB to track the timer because there could be jitter that impacts the arrival time of the packets

	Tx-side error counter
“NACK” counter
	The simplest solution, especially if just a single “NACK” would trigger survival time.
Can use the existing retransmission grant may be used as a “NACK” triggering survival time.
	Using retransmission grant as a “NACK” (when actual retransmission would already violate PDB) would result in extra load and interference due to unnecessary PUSCH retransmission.
UE may miss the survival time triggering if failing to decode the retransmission grant signalling on PDCCH.
Specification complexity caused by cross-layer functionality.
Sensitive to delays in feedback.

	Detection of missing/late arrival of a packet from upper layer
	Protects against survival time violations caused by packets missing in the upstream. Can be used as an additional protection in addition to timer or counter for air interface.
Is not sensitive to stringency of time budgets.
	Does not protect against failures in the air interface.



According to analysis given in Table 1, we have observed that Tx-side timer (started from packet arrival) triggering survival time would require acknowledgement for every UL transmission in order to differ from Tx-side counter option. However, this would require some explicit or implicit acknowledgement signalling defined by RAN1. Eventually, we still need to rely on some gNB signaling that may potentially suffer from error/delay problems. If timer would start from negative acknowledgement (i.e. retransmission grant in practice), then timer would be pointless for the most stringent use cases requiring immediate reliability increase. In such situations a single “NACK” should trigger increasing of reliability. Due to these observations, we propose that Tx-side timer is precluded for triggering survival time state. Lastly, it may be difficult for the gNB to track the timer because there could be deviation in the packet arrival time.
Observation 1: Tx-side timer solutions are not feasible, or they do not bring any benefits over Tx-side error counter. Moreover, eventually it still requires some feedback from the gNB to stop the timer.
Proposal 1: Tx-side timer is de-prioritized for triggering survival time state.
It was observed that using detection of missing/late arrival of a packet from upper layers can be used as an additional protection mechanism against survival time violations. Hence, in addition to other possible survival time triggers we propose that UE should trigger survival time if absence of UL packet is detected.
Observation 2: Detection of missing/late arrival of a packet from upper layer can provide additional protection against survival time violations on top of mechanisms reacting to air interface transmission failures.
Proposal 2: UE triggers survival time at MAC layer upon detecting missing/late arrival of upper layer packet.
Now, coming back to Tx-side error counter, as discussed in Table 1, one of the main issues with this proposal is the unnecessary PUSCH retransmissions that are scheduled just for the sake of triggering the UE to enter the survival time state in order to boost the reliability of the next packet. For instance, the gNB schedules a retransmission grant as a trigger for the UE to enter the survival time state in order to boost the reliability of the next packet, although in fact the gNB is not really interested in the content of the retransmitted PUSCH as it already exceeded its packet delay budget. In other words, while the retransmission grant is employed as the trigger for survival time state, as a result it also triggers a PUSCH retransmission that simply creates unnecessary load and interference to other UEs served on the same time-frequency resources on neighbouring cells.  If Tx-side error counter is to be supported as the survival time state trigger, then at least it should be possible for the gNB to indicate to the UE	to skip/ignore the retransmission grant, and just switch to the survival time state.
Observation 3: With Tx-side error/“NACK” counter, the gNB may schedule a retransmission grant just for the sake of triggering the UE to enter the survival time state, although in fact the gNB may not be really interested in the content of the retransmitted PUSCH as it already exceeds the packet delay budget
Proposal 3: If Tx-side error counter is to be supported as the survival time state trigger, it should be at least possible for the gNB to indicate to the UE to skip/ignore the retransmission grant, and just switch to the survival time state.

2.2	Exiting Conditions of Survival Time State
Once a UE switches momentarily to survival time state, it should have specified conditions for returning to normal state. Two possible approaches have been identified: 
1) In the first approach exiting from survival time state is based on the gNB’s further instruction, which is an implementation issue. For example, the gNB may simply send a Duplication Activation/Deactivation MAC CE to update the UE’s RLC activation state. 
2) In the second approach UE autonomously exits survival time based on pre-configured criterion. Autonomous trigger to fallback from survival time may be counter of consecutive transmissions assumed to be successful or timer
It can be assumed that gNB has more up-to-date information on radio resource usage and overall network status (e.g. interference), as well as more precise knowledge on how successful UE’s transmissions are. Moreover, exiting survival time state would not be as time critical as entering. Hence, it would make more sense to leave decision making to gNB implementation, where the gNB may instruct the UE to return to the normal state based on certain signalling. One example of such message is the existing MAC CE indicating set of RLC entities for packet duplication; in this way the UE may update the set of active RLC entities accordingly. 
Observation 4: gNB has more precise and up-to-date information on UL transmission reliability and knows when the UE should return to the Normal State from the Survival Time State.
Proposal 4 The decision on ending survival time state is up to the gNB. A DL indication, e.g. PDCP duplication activation/deactivation MAC CE, may be used to instruct the UE to switch from survival time state to normal state.

3	Transmission Reliability Boosting Mechanism
Once a DRB associated with survival time requirement has entered the “survival time state” (irrespective to the triggering criteria), some reliability boosting mechanism should be activated in order to avoid consecutive message error. Based on the previous discussions, several companies have expressed that “activation of PDCP duplication” should be applied to increase the achievable reliability upon triggering of survival time state. However, while we are not against applying PDCP duplication, from our perspective it is incorrect to say “activating PDCP duplication for the DRB upon survival time state” because in many cases PDCP duplication may have already been activated for this DRB even in normal state. To be specific, we know that we can have up to 4 RLC entities configured per DRB for the purpose of PDCP duplication since Rel-16, and we may have the cases where at least two RLC entities are already activated in the normal state before survival time state is triggered. In fact, this is a very prospective scenario as the 5G should aim to fulfil the PER requirement as well, so reliability target in the normal state is also quite high.
Observation 5: PDCP duplication for a DRB with survival time requirement may be already activated even when it is operating in normal state.
Thus, rather than saying that PDCP duplication should be activated upon survival time state, a more generalized way to implement such scheme should be switching the set of active RLC entities upon survival time state. Although increasing the number of active RLC entities is certainly a way to achieve higher reliability upon the survival time state, we do not think this is the only way and it is unnecessary to impose such restriction to implementation. For instance, the UE may simply be instructed to switch the duplication legs from those associated to FR2 to the duplication legs associated to FR1, or the legs configured with different LCH mapping restriction rules, without the need to increase the total number of copies. This can be left to gNB implementations to decide and pre-configure the UE what RLC sets should be used for normal state and survival time state respectively.  
We must stress that “switching RLC set upon survival time state” is a generalized way to elaborate the UE behaviour, wherein the number of active RLCs may increase or stay the same. This is illustrated in Figure 1 and Figure 2.
[image: ]
Figure 1 RLC entities activation patterns for Normal State and Survival Time State, where the number of active RLC entities in Survival Time State is larger (i.e. more copies)
In the exemplary case of Figure 1, only RLC1 and RLC2 are activated when operating in normal mode. When it enters survival time mode, RLC4 is also activated on top of RLC1 an RLC2, which boosts the reliability with more copies. In other words, the active RLC set is switched from {RLC1, RLC2} to {RLC1, RLC2, RLC4}. The number of PDCP PDU copies is thereby increased to boost reliability.
[image: ]
Figure 2 RLC entities activation patterns for Normal State and Survival Time State, where the number of active RLC entities are the same.
In the exemplary case of Figure 2, only RLC1 and RLC2 are activated when operating in normal mode. When it enters survival time mode, RLC1 and RLC3 are activated instead (while RLC2 is deactivated), which boosts the reliability by e.g. avoiding transmitting packets via RLC2 which may be associated with poor radio link. In other words, the active RLC set is switched from {RLC1, RLC2} to {RLC1, RLC3}. This boosts the reliability while avoiding unnecessary transmission that may lead to resource wastage and interference creation.
Proposal 4: When a DRB enters the survival time state, the UE switches to a different set of active RLC entities to transmit the packets from the DRB. The number of active RLC entities may or may not be the same as the normal state.

4	Deterministic Operation for Survival Time
As discussed above, the UE should switch the active RLC set to transmit a PDCP PDU to another set upon entering survival time state. The question is: Can the UE determine the set of RLC entities to be activated without consent of the gNB? We must note that, it is the gNB (rather than the UE) who has the global knowledge about the network status, and if UE activates “any” RLC in an unexpected manner, it may create random interference in certain serving cells that may eventually leads to significant network performance degradation. 
Observation 6: It is undesirable for the UE to determine which RLC entity(ies) are to be activated upon triggering of survival time state.
Thus, we think how the UE should react (i.e. which RLC set to activate) upon entering the survival time state should be pre-configured by the gNB, and therefore at least the gNB can:
· Pre-allocate radio resources (e.g. configured grant) in certain serving cells corresponding to the RLC entity(ies) that potentially can be activated by the UE for immediate transmission, and
· Ensure transmissions from the RLC entity(ies) activated by the UE are conducted in serving cells without interference concerns and thereby avoid unexpected interruptions to other users.
To enable such pre-configuration, we think the easiest way is to introduce a new RRC parameter under the IE PDCP-Config, which essentially configures the RLC activation pattern in survival time state, so the UE knows what RLC entity(ies) it should activate upon triggering survival time state. Meanwhile, the existing parameter duplicationState-r16  is used to indicate the default RLC activation pattern that the UE should apply during the normal state. The new parameter (tentatively dubbed as duplicationStateSurvTime) can be embedded under PDCP-Config as following:

	
PDCP-Config information element
......

 moreThanTwoRLC-DRB-r16  SEQUENCE {
        splitSecondaryPath-r16  LogicalChannelIdentity           OPTIONAL,   -- Cond SplitBearer2
        duplicationState-r16    SEQUENCE (SIZE (3)) OF BOOLEAN   OPTIONAL    -- Need S
        duplicationStateSurvTime    SEQUENCE (SIZE (3)) OF BOOLEAN   OPTIONAL    -- Need S
    }                                                       OPTIONAL,   -- Cond MoreThanTwoRLC-DRB
……



	duplicationStateSurvTime

This field indicates the uplink PDCP duplication state for the associated RLC entities when the corresponding DRB enters the survival time state. If set to true, the PDCP duplication state is activated for the associated RLC entity. The index for the indication is determined by ascending order of logical channel ID of all RLC entities other than the primary RLC entity indicated by primaryPath in the order of MCG and SCG, as in clause 6.1.3.32 of TS 38.321 [3]. If the number of associated RLC entities other than the primary RLC entity is two, UE ignores the value in the largest index of this field. 



Essentially, this allows the gNB to configure two duplication states for the DRB, via the parameters duplicationState and duplicationStateSurvTime, which indicates the RLC entity(ies) that the UE should activate for this DRB in the normal state and the survival time state respectively. Hence, the gNB and the UE can have a common understanding about what resources and radio links will be used when the survival time state is triggered at the UE side.
Proposal 5: Introduce a new parameter under the PDCP-Config IE to configure the RLC entity(ies) activation pattern for the survival time state.

5	Conclusion
In this contribution, we have made the following observations:
Observation 1: Tx-side timer solutions are not feasible, or they do not bring any benefits over Tx-side error counter. Moreover, eventually it still requires some feedback from the gNB to stop the timer.
Observation 2: Detection of missing/late arrival of a packet from upper layer can provide additional protection against survival time violations on top of mechanisms reacting to air interface transmission failures.
Observation 3: With Tx-side error/“NACK” counter, the gNB may schedule a retransmission grant just for the sake of triggering the UE to enter the survival time state, although in fact the gNB may not be really interested in the content of the retransmitted PUSCH as it already exceeds the packet delay budget
Observation 4: gNB has more precise and up-to-date information on UL transmission reliability and knows when the UE should return to the Normal State from the Survival Time State.
Observation 5: PDCP duplication for a DRB with survival time requirement may be already activated even when it is operating in normal state.
Observation 6: It is undesirable for the UE to determine which RLC entity(ies) are to be activated upon triggering of survival time state.

Based on these observations and discussions, we have the following proposals:
Proposal 1: Tx-side timer is de-prioritized for triggering survival time state.
Proposal 2: UE triggers survival time at MAC layer upon detecting missing/late arrival of upper layer packet.
Proposal 3: If Tx-side error counter is to be supported as the survival time state trigger, it should be at least possible for the gNB to indicate to the UE to skip/ignore the retransmission grant, and just switch to the survival time state.
Proposal 4: When a DRB enters the survival time state, the UE switches to a different set of active RLC entities to transmit the packets from the DRB. The number of active RLC entities may or may not be the same as the normal state.
Proposal 5: Introduce a new parameter under the PDCP-Config IE to configure the RLC entity(ies) activation pattern for the survival time state.
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