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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.
RAN2#116e meeting:
Agreements:
1. A RRC parameter is configured for a DRB with Survival Time support
2. MAC entity shall handle the determination of triggering survival state based on HARQ-NACK 
3. For the DRB configured with Survival Time support, the network can control the duplication state for the DRB via legacy activation/deactivation MAC CE. No specification change is foreseen.
4. For the issue that there may be packets already sent to RLC before the pre-configured PDCP duplication configuration is activated, following entry into the Survival Time state, it is up to gNB/UE implementation to handle and no need to specify extra behaviour
5. RAN2 not to consider the interaction between Survival Time solution and handover procedure in Rel-17
6. No specification enhancement will be pursued for CG activation command as Survival Time state trigger
7. The baseline mechanism for Survival Time support is “CG resources will be used for service with Survival Time requirements, such that the mapping relation between the service and the retransmission grant is commonly known to both gNB and UE, and CG retransmission scheduling (addressed by CS-RNTI) can be used for Survival Time state triggering”.  
a) FFS how UE identifies the corresponding DRB that should enter Survival Time state and other details (i.e. resource allocation)
b) FFS on unlicensed band
8. Deprioritize autonomous activation of PDCP duplication based on inputs other than retransmission grant

In this contribution, we will discuss HARQ NACK based solution and give our proposals.
Discussion
Radio resources for the duplicated leg in Survival Time
Regrading to the issue about the radio resources for duplicated leg in Survival Time, RAN2 has discussed in the post-meeting email discussion “[Post116-e][513][IIoT] QoS Survival Time”. The main issue is how radio resources should be provided for the duplicated leg in Survival Time and how to ensure the resources are not used outside of Survival Time. The following suggested proposals are provided in the summary of email report. 
	Review of proposals requiring more discussion
Proposal 1 (14/18): Dedicated CG resources can be configured for the duplication paths and their activation is conditional on entering Survival Time state at least for CG type-1.
Proposal 1-1 (10/18): To provide radio resources on the legs used for PDCP duplication and to guarantee CG resources are not used outside of Survival Time, RAN2 to discuss whether a CG can be considered deactivated outside of Survival Time and activated in Survival Time only. Other similar variants are not precluded (for example, where a CG associated with one LCH is activated/deactivated when the associated RLC entity is activated/deactivated). 
Proposal 1C (11/18): CG type-2 and DG based solutions can be used as a supplement to provide radio resources on the legs used for PDCP duplication in Survival Time. 


Based on the above proposals, CG and DG resources can be used to provide radio resources on the duplicated leg in Survival Time. For DG solution, the precondition is that NW can know the ST is triggered, then provides DG resource needed by the duplicated leg in time. For CG solution, UE will treat CG resources outside of survival time as deactivated resources and treat CG resources in survival time as activated resources. Correspondingly, NW can allocate these CG resources outside of survival time to other UE, and not allocate these CG resources in survival time to other UEs. Same with DG case, the precondition is that NW can know whether the ST is triggered at UE or not accurately. 
However, under the DC architecture, one NW node may not know the triggering of survival time for a specific DRB. Thus, the radio resources needed by the duplicated leg in Survival Time cannot be guaranteed. Specifically, there is a use case that the RLC entities for DRB used in ST state belong to different NW nodes (i.e. MN and SN). When the ST state is triggered, both NW nodes need to guarantee that the pre-allocated CG is not allocated to other UEs. However, the RAN2#116 agreement is that MAC entity shall handle the determination of the triggering survival time state based on HARQ-NACK. Thus, NW node1 (e.g. SN) has no way to know whether the ST state is triggered by NW node2 (e.g. MN). Then, the pre-allocated CG from node1 may still be allocated by node1 to other UE even UE is entering ST state according to N HARQ NACK from node2. Transmission collision may occur in NW node1.
Observation 1: When RLC entities used in ST belong to different NW nodes, one NW node cannot guarantee the radio resources needed by the duplicated leg in ST due to lack of information of ST triggering.
There are four solutions which can be used to handle the above issue:
Solution 1: Only CA duplication is configured for DRB with ST requirements. 
In solution1, only one NW node is involved. Thus, NW can always guarantee radio resources are reserved for UE in time. Solution 1 is simple but lacks of flexibility. For PDCP duplication in R16, the primary and secondary logical channels can either belong to the same MAC entity (referred to as CA duplication) or to different ones (referred to as DC or DC+CA duplication). However, solution 1 requires that only CA duplication can be configured, which restricts the NW implementation.
Solution 2: CG resources are always reserved for UE.
Solution 2 requires that NW always reserve the pre-allocated CG resource for one UE, and cannot re-allocate these CG resources to other UEs. This solution is not aligned with the original intention of reducing resource waste, which can be ruled out.
Solution 3: NW nodes exchange ST state information in time.
For solution 3, if one NW node can determine the ST is triggered finally, this NW node can inform another NW node of the triggering of ST. Considering that the ST requirement in TS 22.104 is very strict (e.g. ST requirement =0.5ms), there may be no enough time to exchange ST state information between MN and SN.
Solution 4: MAC entity handles the determination of triggering of ST in the associated cell group.
In summary of the solution 4, NW determines the triggering of ST per cell group. Specifically, if data transmission between UE and one NW node is successful, this NW node will think ST is not triggered, then re-allocate the pre-allocated CG resources to other UEs. If data transmission between UE and one NW node is failed, this NW node will think ST is triggered, then not re-allocate the pre-allocated CG resources to other UEs. At UE side, MAC determines the triggering of ST per cell group, and PDCP makes the final decision of the triggering of ST based on the ST indication of all involved MAC entities outside of ST.
There are two use cases that are analyzed to show how solution 4 works.
Case 1: DC Duplication is not activated outside of survival time
Case 2: DC duplication is already activated outside of survival time.
For case 1, only one MAC entity is involved outside of survival time. UE can determine the triggering of ST of the corresponding DRB based on implicit HARQ NACK info of this MAC entity. However, UE cannot use the duplicated leg belonging to another MAC entity as the corresponding NW node does not know the triggering of ST and cannot guarantee radio resources.
For case 2, two MAC entities are involved outside of survival time. For this use case, there is a view that UE triggers the ST based on implicit HARQ NACK info of at least one MAC entity (i.e., UE enters Survival Time when at least one MAC entity reaches the Survival Time count N). But in this case, MN and SN cannot know the state of data transmission of each other, and further cannot know whether the ST is triggered or not by the other node. Thus, both NW nodes shall never re-allocate the pre-allocated CG resources to other UEs. 
A better solution is that MAC determines the triggering of ST per Cell Group. Specifically, from the UE perspective, MAC entity determines the triggering of ST in the associated Cell Group. For MAC entity determines the triggering of ST in the associated Cell Group, one solution is that UE thinks ST is triggered for a DBR, then uses duplicated legs in the associated cell group to improve the reliability of subsequent data transmission. But, this solution will bring additional processing load due to duplicated packets, which is not preferable. In order to avoid using the enhanced scheme too early, PDCP entity at the UE side can make the final decision of triggering ST for a DRB based on ST triggering indications from both MAC entities, i.e. additional PDCP duplication legs are activated only when both MAC entities indicate ST triggering to PDCP. From the NW perspective, if data transmission between UE and one NW node is successful, this NW node will think ST is not triggered, then re-allocate the pre-allocated CG resources to other UEs. If data transmission between UE and one NW node fails, this NW node will think ST is triggered, then not re-allocate the pre-allocated CG resources to other UEs. Although there may be CG resources waste as the ST is triggered by false alarm (i.e. only one MAC triggered ST, and the packet transmission is successful in another MAC), but it led to less resource waste compared with the solution that UE triggers ST based on HARQ NACK info of the worst MAC entity. 
Proposal 1: MAC entity handles the determination of triggering of ST in the associated cell group. 
Proposal 2: At UE side, PDCP entity makes the final decision of triggering ST for a DRB based on the ST indication from both involved MAC entities outside of ST. If only one MAC entity is involved outside of ST, UE only uses the duplicated legs belonging to this MAC entity in ST. 
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 packets 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 trigger:
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 all legs. For this solution, ST state can be triggered 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 may 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 3: N is configurable and not limited to one. 
Combination of HARQ NACK and Timer solution
For each PDCP PDU from a DRB configured with ST requirements, UE cannot perform the counting without any 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 4: 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 5: 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 or being delivered to lower layer;
· ST state is triggered if N implicit HARQ NACK is received during the Tx-side Timer is running;
· Tx-side timer is stopped upon a new transmission grant is received
· 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”. Regarding the issue on the exiting of ST state, RAN2 has discussed serval times. The majority view is that how to exit the ST state can be up to NW implementation. In other words, legacy MAC CE can be used to indicate UE exiting the ST state. In R16 IIOT, the maximum legs for duplication are four, and Duplication RLC A/D MAC CE can be used to activate one, two, three secondary legs. Thus, our concern is how UE know accurately that it is indicated by NW to exit the ST state when duplication with more than two legs is used in ST. We think network can indicate UE to exit the ST state with either of the following solutions:
Solution 1：The ST state is exited when legacy MAC CE deactivates the whole duplication function;
Solution 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.
Proposal 6：The ST state is exited when legacy MAC CE deactivates any leg used in the ST state.
[bookmark: _Toc502437832]Conclusion
Based on the above analysis, the following observation and proposals are given:
Observation 1: When RLC entities used in ST belong to different NW nodes, one NW node cannot guarantee the radio resources needed by the duplicated leg in ST due to lack of information of ST triggering.
Proposal 1: MAC entity handles the determination of triggering of ST in the associated cell group. 
[bookmark: _GoBack]Proposal 2: At UE side, PDCP entity makes the final decision of triggering ST for a DRB based on the ST indication from both involved MAC entities outside of ST. If only one MAC entity is involved outside of ST, UE only uses the duplicated legs belonging to this MAC entity in ST. 
Proposal 3: N is configurable and not limited to one. 
Proposal 4: HARQ NACK solution is applied in combination with a TX-side Timer.
Proposal 5: 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 or being delivered to lower 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 6：The ST state is exited when legacy MAC CE deactivates any leg used in the ST state.
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