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1	Introduction
During RAN2 #115e, we have reached the following agreements:
Agreements
1. RAN2 does not assume that physical HARQ-NACK messages are always available, i.e. RAN2 will not mandate explicit HARQ-NACK feedback
1. 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) 
1. 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.  
1. RAN2 will at least continue working and discussing the HARQ NACK solution.  Details are FFS.  

Taking given agreements into account RAN2 should address at least following issues to finalize survival time RAN enhancement discussions for Rel-17:
· MAC behaviour of identification of retransmission grant that triggers survival time state for a DRB.
· How the RLC entities that should be activated upon survival time state can be configured.
· Clarification of PDCP behaviour when PDCP duplication is configured in Dual-Connectivity and is already activated before survival time state triggering.
· The mechanisms to ensure immediate availability of CG radio resources upon activation of a RLC entity.

2	Discussions
2.1	MAC Behaviour: Identification of Retransmission Grant for Survival Time State
It was agreed that HARQ NACK solution will be further considered for survival time triggering. Moreover, it seems that majority of companies are supporting solution where UL retransmission grant is used for triggering survival time. Hence, it should be decided how MAC can identify that  survival time state should be entered for a DRB when a triggering retransmission grant is received. In principle, there are at least three options that could be used to identify whether a received retransmission grant should trigger survival time state. In our understanding, the possible options may include:
1. The index of LCHs in the MAC PDU that this retransmission grant is related to. 
2. The index of CG where this retransmission grant is related to. 
3. The HARQ PID indicated in the retransmission grant
It is worth noting that, the complexity of the option based on LCH is higher because it means that the UE needs to look into what the content of the MAC PDU. On the other hand, CG index and HARQ PID are simpler because the MAC can quickly determine if survival time state should be triggered by simply decoding the DCI, but it imposes some restrictions about resource mapping for the LCH (i.e. the data from this LCH can only be mapped to certain CGs and/or resources with specific HARQ PIDs). There are pros and cons with these different options, which requires further discussions in RAN2.
Proposal 1: MAC should discuss and decide which MAC parameter (LCH index, CG index, or HARQ PID) should be used to identify triggering of survival time state of a DRB.
On the other hand, we have noted that most of the targeted traffics have very stringent low-latency requirement. Hence, if retransmission grant is utilized as a trigger, it is questionable whether the UE should still perform the corresponding PUSCH retransmission, because such retransmission may not be useful anymore. The gNB may merely issue this retransmission grant for the sake of triggering survival time state, in order to boost the reliability of the next packet. In this case, the gNB may actually not interested in the retransmission per se, because 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.
Proposal 2: RAN2 may discuss how the UE can ignore/skip PUSCH retransmission if the gNB issues a retransmission grant merely for survival time state triggering.

2.2	PDCP Behaviour: Actions Upon Entry of Survival Time State
It was agreed in RAN2 #115e that gNB pre-configures RLC entities that can be activated for duplication when entering survival time state. Since MAC entity is the one handling the “NACK” envisioned as a trigger for survival time state, PDCP entity should be notified by the MAC about survival time triggering via cross-layer signaling. When PDCP entity is notified about survival time triggering, it should switch the duplication state of the corresponding DRB in accordance to the pre-configuration. Hence, to have unambiguous solution that is under gNB’s control, UE should be configured separately with RLC entities for survival time state.  Because duplication of a DRB may already be activated before entering survival time state (i.e. at least two RLC entities are already activated for duplication), it is incorrect to say that PDCP duplication should be activated upon survival time state, rather a more generalized way to implement such scheme should be switching the set of active RLC entities upon survival time state. It is worth noting that, there are many reasons would simply instruct the UE to switch duplication state upon survival time state, just to name a few:
· The gNB does not want the UE to generate more interference (e.g. cross-link interference) toward other gNB/UEs.
· The gNB wants to utilize some radio resource for other UEs or traffics by deactivating some of the legs while the UE is in survival time state.
· The gNB think the desirable reliability can be achieved simply by switching the leg (e.g. from FR2 to FR1)
· The gNB think the desirable reliability can be achieved simply by switching the associated CG configuration (e.g. from LCH1 to LCH2, where LCH1 and LCH2 have different LCH mapping restrictions)
In the email discussion [Post115-e][513], many companies think the UE can simply activate all legs configured for the DRB upon entry to survival time state. However, this option misaligns with the following RAN2 #115e agreement:
· 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.  

Because if the UE will activate all RLC entities in any case, then why the gNB would “pre-configure which RLC entities can be activated” in the first place according to this agreement? We would also want to point out that, this is a misconception to say that increasing the number of active RLC entities is the only way to achieve higher reliability upon the survival time state. In fact, increasing the number of active legs inappropriately may instead degrade the UL performance when e.g.  there is insufficient uplink power headroom to support multiple simultaneous transmissions across different serving cells. It is always up to gNB implementation to decide how to achieve better reliability and fulfil the QoS requirement, just like any other QoS parameters such as PER or PDB. 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. All these can be covered simply by allowing the gNB to pre-configure a RLC set that the DRB should use upon survival time state via a new bitmap parameter in pdcp-config:
	
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. 



This is a simple and flexible option that covers possibilities of increasing the number of active legs as well as switching duplication state, which permits a much higher implementation flexibility from gNB perspective. Moreover, we only need this new parameter to indicate whether the related DRB has survival time requirement.
Additionally, RAN2 should also take duplication based on Dual-Connectivity (DC) into account. When duplication for a DRB is configured in dual connectivity (i.e. two MAC entities are involved), and at least one leg in each of the two MAC entities is already activated before entering survival time state, what is the triggering condition for the PDCP to enter survival time state for this DRB? More specifically, since the flag is raised based on retransmission grant received in MAC, should the DRB enter survival time state when at least one MAC entity raise the flag, or when both of the MAC entities raise the flag? Essentially, depending on whether at least one LCH/RLC entity is already activated in each MAC entity, the UE may have different survival time state triggering criteria. We feel that UE behaviour of survival time support in DC-based duplication has not been extensively discussed, and we think this should be clarified.
Proposal 4: RAN2 should clarify survival time state triggering condition for DRB configured with DC-based PDCP duplication (i.e. two MAC entities are involved for duplication of a DRB)

2.3	Configured Grant Enhancement
Since we are mainly dealing with UL periodic traffic in the survival time work, configured grant (CG) has been deemed as the main type of radio resource to convey data with survival time requirement. Apart from the periodic nature of CG which is particularly suitable for UL periodic traffics, it also ensures that the UE can have immediate radio resource that is available for uplink transmission when survival time state is entered and one or more RLC entity is activated, without having to send SR/BSR and request for dynamic grant from the gNB. Nevertheless, once a Type-1 configured grant is configured for a LCH corresponding to a RLC entity, such resource is always available from MAC perspective even when the associated RLC entity is actually deactivated (e.g. outside survival time state). This leads to the following undesirable situations:
1. The resource may be over-provisioned but not used most of time, because this CG could be restricted to a LCH that is only activated upon survival time state.
2. From gNB perspective, even though it knows the UE should not allocate any data into this CG because the LCH is deactivated outside survival time state, the gNB may still need to decode these CGs because it cannot prevent the UE to spontaneously allocate some MAC CEs into these resources, or generate empty MAC PDUs for UCI multiplexing purposes. Eventually, it results in heavy burden at the gNB side.
To resolve these issues, we think the most efficient way is to couple the activation status between a RLC entity and a configured grant configuration. That is, the CG is only considered as “valid” or “activated” from MAC point of view when its associated RLC entity is activated. Therefore, the MAC can only use this CG resource when the related RLC entity is activated. This can be achieved by introducing a new RRC parameter in ConfiguredGrantConfig,  which indicates a LCH ID or a RLC entity ID, thereby establishing a mapping relationship between one RLC entity and one CG. In this way, we can ensure a CG resource can become immediately available for a LCH when the related RLC entity is activated upon survival time state. Similarly, we can avoid the resource wastage when the related entity is deactivated due to e.g. exit of survival time state.
Proposal 5: RAN2 should adopt the RLC-dependent CG activation/deactivation to ensure immediate resource availability for survival time, as well as avoiding resource wastage.
Even if a resource can become immediately available, there is still some risk where the resource is insufficient for the UE to allocate the whole message in one configured grant to make sure it can be completely transmitted on time. Currently, for LCP it is specified in 3GPP TS 38.321 that MAC should prioritize majority of MAC CEs over data. Hence, even if pre-allocated CG resources allow the UE to transmit the data on the newly activated RLC/LCH immediately after the survival time is triggered, there is a possibility that the UE is unable to transmit the application message within the survival time due to potential RLC segmentation caused by MAC CE allocation, i.e., the remaining space of the pre-allocated grant after MAC CE allocation is insufficient to accommodate the whole message, and hence the message cannot be completely transmitted before survival time expires. As the result, survival time is still violated.
To avoid this issue, we think the simplest way is to limit MAC CE allocation to such CG when the DRB has entered survival time state. For instance, the gNB may configure an “upper limit” of MAC CE allocation in this CG, and thereby ensure there can be sufficient space for the UE to accommodate the critical message. As a special case, the UE can be configured to simply forbid any MAC CE for such CG.
Proposal 6: To make sure the critical message for survival time can be completely transmitted in time, the gNB may limit the MAC CEs that can be allocated to the CG resources associated to LCH/RLC entities for survival time support. 

2.4	LS to RAN3 for Specification Impacts Assessments
It is worth noting that, RAN3 is also involved in this objective of this WI. Hence, we think this is natural that RAN2 should provide the status update to RAN3. Thus, RAN3 is able to assess whether there are any specification impacts if the mechanism of UL survival time support is to be adopted. For instance, if retransmission grant is to be used as the survival time state trigger, which may cause the UE to change the duplication state for a DRB, then it is questionable whether some new signalling is needed in Xn or F1 interfaces to make sure the gNB can adapt the UL operation accordingly. For instance, when survival time state is triggered at the UE side, the gNB may also need to coordinate its protocol layers in order to receive uplink data properly. If the gNB is deployed with CU-DU architecture, or if the duplication is configured with dual-connectivity, then some impacts in Xn and F1 interfaces may be foreseeable.
Proposal 7: RAN2 should send LS to RAN3 to provide the status information of survival time support.

4	Conclusion
In this paper, we have discussed some open issues relating to survival time support. The following proposals are drawn:
Proposal 1: MAC should discuss and decide which MAC parameter (CG index, LCH index, or HARQ PID) should be used to identify triggering of survival time state of a DRB.
Proposal 2: RAN2 may discuss how the UE can ignore/skip PUSCH retransmission if the gNB issues a retransmission grant merely for survival time state triggering.
Proposal 3: When a DRB enters the survival time state, the corresponding PDCP switches to a different set of active RLC entities in accordance to a bitmap pre-configured by the gNB to transmit the packets. The presence of this new bitmap parameter also indicates the survival time requirement of the related DRB.

Proposal 4: RAN2 should clarify survival time state triggering condition for DRB configured with DC-based PDCP duplication (i.e. two MAC entities are involved for duplication of a DRB)
Proposal 5: RAN2 should adopt the RLC-dependent CG activation/deactivation to ensure immediate resource availability for survival time, as well as avoiding resource wastage.
Proposal 6: To make sure the critical message for survival time can be completely transmitted in time, the gNB may limit the MAC CEs that can be allocated to the CG resources associated to LCH/RLC entities for survival time support. 
Proposal 7: RAN2 should send LS to RAN3 to provide the status information of survival time support.







