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1. Introduction
The new WID of NR Industrial Internet of Things (IoT) and URLLC support was approved in RAN#86 and revised in RAN#88e [1]. In which, the following objective is included:
	...
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, decided from SA2. [RAN2, RAN3] 


[bookmark: OLE_LINK7]In Rel-16, there were some discussion on the survival time parameter in RAN2#105bis. The following agreements have been made:
	· [bookmark: OLE_LINK3]RAN2 think that knowledge of survival time is beneficial to gNB. FFS whether there would be any impact to AS specifications to make use of this, and such discussions would have lower priority, as it is not explicitly a WI objective. There are also concerns that QoS framework may be impacted due to survival time being provided explicitly. 


[bookmark: OLE_LINK26]In RAN2#113 e-meeting, based on the contributions, the following agreements have been achieved:
	Assumptions:
· Communication service availability (CSA) is not needed on top of survival time.  Send a reply LS to SA2 to notify such confirmation 
· RAN2 confirms that specification enhancement for survival time support may only needed for uplink.  Downlink is addressed by implementation and no specification impacts.  
· Support for survival time in UCE is up to network configuration. 
· Continue discussing whether burst spread and burst ending time is beneficial from RAN2 perspective, but trigger the discussion after SA2 progress in February  
· Communication service reliability (CSR) is not needed on top of survival time
· Only periodic traffic is considered for survival time work in Rel-17
· AN2 assumes one application message is conveyed by one PDCP SDU, and may further consider the cases where one application message is conveyed by varying number of PDCP SDUs depending on the progress


[bookmark: OLE_LINK15]In RAN2#114 e-meeting, the following agreements on survival time have been achieved:
	· RAN2 does not consider the Burst Spread parameter in RAN
· The Burst End Time parameter in RAN is out of scope for Rel-17 IIoT WI.
· 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 
· 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
· Study fast mechanisms for survival time handling and the need
· 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)
· Survival Time triggered proactively based on Sequence Number is deprioritized
· UE-based reactive solution based on RLC-NACK is not pursued
· 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. 


In RAN2#115 e-meeting, the following agreements have been achieved:
	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


[bookmark: OLE_LINK5]In RAN2#116 e-meeting, the following agreements have been achieved:
	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 RAN2#116bis e-meeting, the following agreements have been achieved:
	1. For the issue that a CG resource may be insufficient for the UE to include the whole application layer message in one configured grant if a MAC CE is to be transmitted in the same CG, it is up to gNB implementation to ensure CG resources are appropriately configured
2. Survival Time support is configured at DRB level and a new RRC parameter is added in PDCP-Config. 
3. Existing LCH to CG mapping restrictions are used to ensure DRBs in support of Survival Time are mapped to one or multiple CGs. No specification change is foreseen.
4. RAN2 assumes that Rel-16 LCH to CG mapping restrictions can be used to prevent a case where DRBs with and without a Survival Time requirement are mapped to the same CG. The setup of mapping restrictions is up to gNB implementation. No specification change is foreseen.
5. Following entry to Survival Time, PDCP duplication is activated for all associated RLC entities that are configured for a DRB. The RLC entities are identified using the Rel-15/16 options for RRC configuration of associated RLC entities.
6. The index of LCHs in the MAC PDU that a retransmission grant relates to is used to identify triggering of Survival Time state of a DRB. The MAC layer can receive information from upper layers as to which LCIDs are associated with Survival Time.
7. Following a HARQ-NACK, entry to Survival Time state is triggered only for the DRBs (with a requirement for Survival Time) which are included in the MAC PDU associated with the grant used for transmission of the TB
8. We will support the case where N=1.  FFS if cases with N>1 are supported.  
In that case, when PDCP duplication is already activated in dual connectivity, in order to minimize dependencies between MAC entities in a configuration with survival time the UE enters Survival Time upon reception of one HARQ NACK at either MCG or SCG.
Within a MAC entity, the determination of HARQ-NACKs does not incur interaction between different CCs. When PDCP duplication is already activated in CA duplication for a configuration of survival time, the UE enters Survival Time upon reception of one HARQ NACK at any CC.
9. RAN2 assumes that SDUs from multiple DRBs with a Survival Time requirement (potentially with a different transfer interval and/or lead time for Survival Time entry) are not mapped to the same CG. Setup of appropriate mapping restrictions is up to gNB implementation. No specification change is foreseen.


In the pre-RAN#117e meeting discussion of “[POST116bis-e][512][IIoT] UP open issues (Samsung)”, the issue of Survival Time State with N>1 is taken as open issue and discussed. But there are still diverse views. Therefore, company contributions are invited for this issue. 
In this contribution, we will mainly discuss this issue and give our proposals.
2. [bookmark: OLE_LINK44][bookmark: OLE_LINK14]Discussion
2.1 The value of N
In another previous email discussion “[Post115-e][513]”, many companies think N values larger than 1 can avoid the issue of “too early entering ST state” and “triggering PDCP duplication too often” which shall lead to unnecessary resource waste. At the same time, a bit more companies prefer fixing N=1 with consideration on simple UE/network implementation and specification changes. 
As we know, for the HARQ-NACK based solution, some companies have high level concern that the retransmission of the previously failed message (with higher reliability) is not essential to meet the survival time requirement and what really matters is the subsequent message. Moreover, companies think the flexibility for network implementation, e.g., the network may decide not to retransmit a previously failed message but to allocate more radio resources for the subsequence message, should be taken into account. We have sympathy with the former part concern and think N larger than 1 can be used to alleviate the issue of over-satisfying survival time requirement which is naturally in a solution based on only one HARQ-NACK. But for the later part of the concern, we don’t think it’s so reasonable. We assume for the service with Survival Time requirement and configured with CG resources, the network would try to schedule retransmission for each time failed transmission.
Here we want to reiterate and summary the positive views on N larger than 1 mentioned by the supportive companies:
· To allow that N is configurable and can be larger than 1 is more aligned with survival time requirement provided by SA.
· A configurable option can cover a range of scenarios as well as prevent the UE from entering ST state unnecessarily which is also not an efficient use of resources.
· For some use cases with a bit long survival time and PDB (e.g. transfer interval = survival time = 2ms), force UE to enter ST state after only 1 retransmission grant is received will cause unnecessary PDCP duplication activation and resource waste.
· There is a view from chipset/UE vendors that managing a counter of HARQ-NACK N at the MAC would not add much complexity, or the complexity introduced is acceptable.
Here we add one more point, we think the setting of N can correspond to the network’s retransmission scheduling strategy. For IIoT service with high reliability requirement, if only one retransmission is scheduled, more resources would be needed. So scheduling multiple retransmissions might be needed so that it can allow less resources for each retransmission that in turn would bring benefit of reducing block to other services/UEs. Therefore, N larger than 1 can be seen as a trade-off that try to use the least resources to meet the survival time requirements of SA2 under a highly possible scheduling strategy.
Take into account all the previous discussion and the above mentioned benefits or feasibility, we suggest RAN2 to agree the following proposal 1 as early as possible:
Proposal 1: The N for counting HARQ-NACK can be configurable and larger than 1.

2.2 Combination of HARQ-NACK counting and Tx-side timer
In this section, we only focus on how the MAC entity in UE triggers ST state based on HARQ-NACK counting (no matter N is one or larger than 1). The issue of whether MAC and PDCP interaction is needed and how to finally activate the PDCP duplication is not covered in this section. Such issue is further discussed in section 2.3.
2.2.1 The issue of loss or delay of HARQ-NACK
In previous meeting and also during the previous email discussion “[Post115-e][513]”, some critical issues of HARQ-NACK-based option have been mentioned:
· In N HARQ NACK solution, a counter is required to keep track of N received NACKs and survival time state is then triggered upon receiving the Nth NACK. For such solution, it may be possible to miss or lose intermediate NACKs from the gNB, which could result in survival time state not being triggered when required. 
· In unlicensed spectrum case, the gNB may prefer letting CG retransmission timer to expire to triggering retransmission rather than sending an explicit retransmission grant. That means, due to deliberate missing of retransmission grant, the above mentioned missing HARQ-NACK problem may be more serious in unlicensed case.
· Even the loss of (all) HARQ-NACKs may be very rare, due to the following reasons, it’s still easy to occur the delayed HARQ-NACKs which may also result in survival time state not being triggered as expectation. Then the activation of PDCP duplication is also delayed, even later than the next packet:
· The availability of network resources (PDCCH, PUSCH resources) is uncertain. Even the IIoT service may have higher QoS, when there are several UEs with higher QoS service, the prioritized scheduling for each UE or each services cannot be always guaranteed.
· In the case of N greater than 1, when the previous one or few retransmission grant(s) are delayed or even lost, the start of counting retransmission grant might be delayed or the total counting time period might be prolonged. All these issues may also result in survival time state not being triggered timely.
2.2.2 Solutions
The proponent companies think combination of HARQ-NACK counting and Tx-side timer can mitigate the case where the HARQ-NACK is lost. But it seems the proponent companies have not reached a consensus understanding on the details of the combined Tx-side timer. At least there is ambiguity in the following aspect:
· What’s the UE behaviors when the Tx-sider timer expires?
· Alt1: In previous meeting contributions, in order to handle the case that all the N HARQ NACKs are lost, companies has suggested/preferred that upon expiration of Tx-side timer, UE can directly trigger ST state and activate PDCP duplication:
· But we realize that, as no explicit HARQ-ACK would be introduced in licensed spectrum case,  in the case that no implicit HARQ-ACK (e.g., no initial transmission grant) is received, UE cannot distinguish this abnormal case from normal case of successful transmission. Therefore such process may cause (maybe much) unnecessary activation of PDCP duplication. Therefore, we think such process may be not suitable for license spectrum case.
· As unlicensed spectrum case is different and explicit HARQ-NACK/ACK has been supported in unlicensed spectrum case, such process, e.g., to let UE directly trigger ST state when the Tx-sider timer expires would be suitable for unlicensed spectrum case. We can easy understand that not only the explicit HARQ-ACK can be used to timely stop the Tx-sider timer to avoid unnecessary activating PDCP duplication, but also the Tx-sider timer can be used as a complementary to N HARQ-NACKs counting to perfectly resolve the issue of missing HARQ-NACK in unlicensed spectrum case.
· Alt2: Some companies mentioned that when the Tx-sider timer expires, the PDCP PDU can be considered as transmitted successfully. That means it’s no need to trigger ST state and the counter should be reset. 
· It can be seen that such process cannot resolve the issue of loss or delay of HARQ NACKs. However, compared with Alt1, Alt2 can avoid (maybe much) unnecessary activation of PDCP duplication. According to the analysis on Alt1, we will not pursue the Alt1 and think it’s acceptable to live with the very rare case that all the N HARQ NACKs are lost. That is, it’s no need to trigger ST state just upon expiration of Tx-sider timer. This has same effect as that of Alt2.
· However, this is doesn’t means such Tx-sider timer is useless. It still can be used to avoid being unable to enter ST state or entering ST state too late when transmission failure occurs. As we assume the case  that one or a few retransmission grant(s) are lost but finally at least one retransmission grant can be received would appear more frequently (than the case that all the N HARQ NACKs are lost), we propose another scheme, e.g., Alt3 in below, to alleviate the partial loss or delay of HARQ NACKs.
· Alt3: In Alt3, UE would not trigger ST state purely because of expiration of Tx-side timer. However, UE would not stop receiving HARQ-NACK. Instead, UE changes to use a minimum N as soon as the Tx-side timer expires. In other word, after expiration of Tx-side timer, as long as a retransmission grant is further received, MAC entity in UE can trigger ST state, regardless of whether the counting on HARQ NACKs reaches the threshold N (or even no any retransmission grant has been received before expiration of Tx-side timer). By this way, Alt3 can deal with the (partial) loss or delay of HAQR-NACKs.

Based on all the analysis, the detailed combined Tx-side timer can be summarized as following:
· The Tx-side timer could be configurable by the network if a scenario requires it.
· The Tx-sider timer is configured with length equal or less than AN PDB.
· The Tx-side timer is started when a PDCP PDU is delivered to lower layer or upon being received from the upper layer. 
· When the Tx-side timer is running: 
· If a new transmission grant is received that can be seen as an implicit HARQ-ACK, the Tx-side timer should be stopped. (See Figure 1)
· If N retransmission grants or explicit HARQ-NACKs have been received, UE should send indication to the PDCP layer to trigger ST state. And the Tx-side timer should be stopped. (See Figure 1)
· In unlicensed spectrum case, if explicit HARQ-ACK is received, the Tx-side timer should also be stopped.


Figure 1
· When the Tx-side timer expires:
· Even if N doesn’t reaches the threshold (or even no any retransmission grant has been received during timer is running), MAC entity in UE would also send indication to the PDCP layer to trigger ST state on reception of the first retransmission grant after expiration of timer.(See Figure 2) (Here Alt3 is applied for licensed spectrum case as it’s better than Alt1 and Alt2)

Figure 2
· In unlicensed spectrum case, UE should send indication to the PDCP layer to trigger ST state. (Here Alt1 is applied for unlicensed spectrum case)

Based on the above analysis, we give the following proposal:
Proposal 2: To introduce a combined Tx-side timer for the HARQ-NACK-based option. The following details can be further discussed and agreed:
· The Tx-side timer could be configurable by the network if a scenario requires it.
· The Tx-side timer is configured with length equal or less than AN PDB.
· The Tx-side timer is started when a PDCP PDU is delivered to lower layer or upon being received from the upper layer. 
· When the Tx-side timer is running: 
· If a new transmission grant is received, the Tx-side timer should be stopped.
· If N retransmission grants or explicit HARQ-NACKs have been received, UE should trigger ST state. And the Tx-side timer should be stopped.
· In unlicensed spectrum case, if HARQ-ACK is received, the Tx-side timer should also be stopped.
· When the Tx-side timer expires:
· If a retransmission grant is received after expiration of timer, MAC entity in UE would  trigger ST state,  regardless of whether the counting on retransmission grants reaches the threshold N (or even no any retransmission grant has been received during timer is running). Otherwise, UE doesn’t trigger ST state.
· In unlicensed spectrum case, UE should trigger ST state.

3. [bookmark: OLE_LINK1]Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we make the following proposals:
Proposal 1: The N for counting HARQ-NACK can be configurable and larger than 1.
Proposal 2: To introduce a combined Tx-side timer for the HARQ-NACK-based option. The following details can be further discussed and agreed:
· The Tx-side timer could be configurable by the network if a scenario requires it.
· The Tx-side timer is configured with length equal or less than AN PDB.
· The Tx-side timer is started when a PDCP PDU is delivered to lower layer or upon being received from the upper layer. 
· When the Tx-side timer is running: 
· If a new transmission grant is received, the Tx-side timer should be stopped.
· If N retransmission grants or explicit HARQ-NACKs have been received, UE should trigger ST state. And the Tx-side timer should be stopped.
· In unlicensed spectrum case, if HARQ-ACK is received, the Tx-side timer should also be stopped.
· When the Tx-side timer expires:
· If a retransmission grant is received after expiration of timer, MAC entity in UE would  trigger ST state,  regardless of whether the counting on retransmission grants reaches the threshold N (or even no any retransmission grant has been received during timer is running). Otherwise, UE doesn’t trigger ST state.
· In unlicensed spectrum case, UE should trigger ST state.
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