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In the previous meetings, the following agreements have been achieved on the topic of RAN enhancement for supporting survival time.
RAN2#113e meeting:
Agreements 
=>	Time period during which “message loss” can be tolerated is adopted as the preferred format for Survival time.  FFS how this will be achieved and what message loss means in RAN2
RAN2#114e meeting:
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.  
RAN2#115e meeting:
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.
In this contribution, we will discuss HARQ NACK based solution and give our proposals.
Discussion
HARQ-NACK solution
Issue 1: ST state trigger
In RAN2#115 meeting, it has been agreed RAN2 will at least continue discussing the HARQ NACK solution. The intention of HARQ NACK solution is used to count the number of "HARQ NACK"s for MAC PDU carrying packet from DRB with ST requirements. When N "HARQ NACK"s are received, then ST state is triggered. Currently, there exists two options for ST state triggering:
Option 1: N is fixed to one 
For option 1, if duplication transmission is not activated in the normal state, then the DRB with ST requirement shall enter the ST state once implicit HARQ NACK (e.g. retransmission grant) is received. If duplication transmission is activated in the normal state, then the DRB with ST requirement shall enter the ST state once implicit HARQ NACK (e.g. retransmission grant) is received for each leg. For this solution, ST state is triggered once the initial transmission fails.
Option 2: N is configurable and can be larger than one.
For option 2, if duplication transmission is not activated, the DRB with ST requirement shall enter the ST state once N implicit HARQ NACK (e.g. retransmission grant) is received. If duplication transmission is activated, the DRB with ST requirement shall enter the ST state once N implicit HARQ NACK (e.g. retransmission grant) is received for each or all legs. For this solution, ST state can be configured to trigger when a number of retransmission failures indication are received. 
Option 1 is simpler which has less specification impact. However, it has the following disadvantages, compared with option 2:
· May make UE enter the ST too early. For some use cases (e.g. transfer interval = survival time = 2ms), it is a large possibility that multiple retransmission can be performed, considering that the one-way delay is 0.5ms. If option 1 is adopted, it will make UE enters the ST state too early, which causes unnecessary resource waste.
· May cause Ping-Pong effect. For some use cases (e.g. transfer interval = survival time = 2ms), it is possible that retransmission can succeed. Under this case, the option 1 may make UE keep entering and exiting the survival state.  
· Lack of flexibility. Option 2 can cover both use cases that ST state is triggered when initial transmission fails and ST is triggered after a number of retransmission failures, which is more flexible.
· Lack of forward compatibility. In R17, only one application message is considered in each period. If multiple application messages need to be considered in the future ST requirement, the option 1 is hard to be extended to meet the future requirements.
Thus, it is suggested to take N configurable which can cover both N=1 and N>1 use cases as a baseline.
Proposal 1: N is configurable and not limited to one. 

Issue 2: Modeling of COUNTER
If N is configurable, COUNTER mechanism is needed to count the number of transmission failures. There are two counting modeling solutions:
Modeling 1: MAC handles the counting of N.
For modeling 1, MAC layer maintains the COUNTER per leg of DRB with ST requirement, which is used to count the number of transmission failures over each leg.
Modeling 2: PDCP handles the counting of N
For modeling 2, PDCP layer maintains the COUNTER per DRB with ST requirement, which is used to count the number of transmission failures over all the activated legs.
Modeling 1 has less interaction between PDCP and MAC layer, which is why the majority support this modeling. However, it has the following disadvantages, compared with modeling 2:
· May needs to maintain multiple COUNTER. If duplication transmission is activated in the normal state, MAC entity needs to maintain COUNTER per activated leg of a DRB, which will complex the MAC behavior. For modeling 2, only one COUNTER is needed to maintain per DRB.
· MAC performs the counting but PDCP determines whether ST state is triggered or not. For the focused use cases (i.e., the top 3 rows of Table 5.2-1 from TS 22.104), the reliability requirement is up to 99.999 999 %. Thus, it is a large possibility that duplication transmission has been activated before entering the ST state. If the activated legs for duplication transmission belong to different MAC entities, PDCP has to finally decide whether the DRB needs to enter the ST state or not. Actually, the more intuitive way is that PDCP performs the counting and makes the decision. 
· The transmission failure of PDCP control PDU may trigger ST state. There are two kinds of PDCP control PDUs: PDCP control PDU for ROHC feedback and PDCP control PDU for EHC feedback. For HARQ-NACK based solution, MAC layer cannot distinguish whether the transmitted packet is PDCP control PDU or PDCP data PDU. Thus, the transmission failure of PDCP control PDU may lead UE to enter the ST mode of operation too early. Actually, the transmission of PDCP control PDU does not impact the communication available status of application at the receiver side. Similarly, the transmission failure of RLC control PDU also may lead UE to enter the ST mode of operation too early. This issue does exist if PDCP handles the counting of N.
· Lack of forward compatibility. In R17, we only consider the use case for which the survival time equals to transfer interval. Actually, the use cases for which survival time equals to more than one transfer interval also exist in the TS 22.104. If count the number of consecutive packet losses of the application layer packet is needed, MAC layer cannot count the number of consecutive packet losses of the application layer packet while PDCP can realize it.
Proposal 2: PDCP shall handle the counting of N.
Combination of HARQ NACK and Timer solution
For each PDCP PDU from a DRB configured with ST requirements, UE cannot perform the counting without time restriction. Thus, a duration needs to be defined for UE to perform HARQ-NACK counting, which can be realized by a TX-side timer.
Proposal 3: HARQ NACK solution is applied combing with a TX-side Timer.
The Tx-sider timer can be started when a PDCP PDU is delivered to lower layer or upon being received from the upper layer. While the Tx_sider timer is running, UE should enter ST state if N retransmission grants are received. If a new transmission grant is received, the Tx_sider timer should be stopped. When the Tx-sider timer expires, the PDCP PDU is considered as transmitted successfully. 
Proposal 4: The detail of Combination of HARQ NACK and Tx-side timer solution is as following:
· Tx-side timer is started per PDCP SDU upon being received from the upper layer;
· ST state is triggered if N implicit HARQ NACK is received during the Tx-side Timer is running;
· PDCP SDU is considered as transmitted successfully if Tx-side timer expires.
How to exit the ST state
RAN2 has agreed that “Following entry into the Survival Time state, PDCP duplication for ST configuration is activated”. During the ST state, a legacy MAC CE may be received, which can be used to exist ST state. If the PDCP duplication for ST configuration which is used when entering the ST state has two activated legs, the ST state is exited when legacy MAC CE deactivates the whole duplication function. However, if the PDCP duplication for ST configuration has more than two activated legs, when to exit the ST state is not clear. UE may exit the ST state in either of the following cases:
Case 1：The ST state is exited when legacy MAC CE deactivates the whole duplication function;
Case 2：The ST state is exited when legacy MAC CE deactivates any leg used in the ST state;
In the ST state, UE adopts the enhanced scheme (e.g., activate additional leg(s)) to improve the reliability of subsequent packets. Thus, it may be reasonable that the ST state is exited when legacy MAC CE deactivates any leg used in the ST state.
[bookmark: _GoBack]Proposal 5：The ST state is exited when legacy MAC CE deactivates any leg used in the ST state.
During the ST state, it is possible that UE still encounters several transmission failures. Thus, it is better that the COUNT is reset when the ST state existed.
Proposal 6: COUNT is reset when the ST state is exited.
DC issue
In R16, RAN3 sent an LS to inform RAN2 that there is no coordination between MN an SN for RLC A/D MAC CE. This means that MN and SN transmit the MAC CE blindly without knowing the status of transmission legs in another node. If the legs used in ST states belong to different NW nodes, one NW node (e.g. which is not the anchor node of the DRB with ST requirement) may deactivate the legs used in the ST state by mistake, which will reduce the reliability of data transmission in the ST data. Thus, it is better that ST state related information can be exchanged between MN and SN to guarantee that the transmission legs used in the ST state are not deactivated. Then, we propose:
Proposal 7: Send an LS to ask RAN3 to support ST state information exchanging between MN and SN for supporting the ST requirement.
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Based on the above analysis, the following observations and proposal are given:
Proposal 1: N is configurable and not limited to one. 
Proposal 2: PDCP shall handle the counting of N.
Proposal 3: HARQ NACK solution is applied in combination with a TX-side Timer.
Proposal 4: The detail of Combination of HARQ NACK and Tx-side timer solution is as following:
· Tx-side timer is started per PDCP SDU upon being received from the upper layer;
· ST state is triggered if N implicit HARQ NACK is received during the Tx-side Timer is running;
· PDCP SDU is considered as transmitted successfully if Tx-side timer expires.
Proposal 5：The ST state is exited when legacy MAC CE deactivates any leg used in the ST state.
Proposal 6: COUNT is reset when the ST state is exited.
Proposal 7: Send an LS to ask RAN3 to support ST state information exchanging between MN and SN for supporting the ST requirement.
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