3GPP TSG-RAN WG2 Meeting #116bis electronic
R2-2200708
E-meeting, January 17st – 25th, 2022                               
Agenda item:

8.5.4
Source:

Lenovo, Motorola Mobility
Title:

Remaining issues on the support of survival time
Document for:

Discussion and Decision

1. Introduction

It has been agreed in RAN#88-e meeting [1] that RAN2 should investigate whether there are RAN enhancements necessary in order to support new QoS related parameters such as e.g. survival time, burst spread.
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 

Following the email discussion [POST113bis-e][506][R17 IIoT] Enhancements based on QoS (CATT), captured in R2-2104897, the following agreements were made at RAN2#114-e (May 2021):

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

Following a subsequent offline discussion (captured in R2-2106558) during RAN2#114-e, the following additional agreements were made:

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.  

In RAN2#115e meeting following agreements were reached:

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.  
Based on the proposals in the summary report of the Post115e email discussion in [2] we have reached the following agreements in the RAN2#116e online session:
	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 would like to provide our views on the remaining open issue for the support of survival time in Rel-17.
2. Discussion
Uplink Enhancements to Support Survival time

The survival time is a new QoS parameter introduced by IIoT applications which is related to the application availability. It can be considered as the time period “Deadline for message reception” after a message failure occurred before the application is declared as “unavailable”, i.e. transiting to the “down state”. Since exceeding the survival time has quite severe consequences, it should be the goal to ensure that transmissions of delay sensitive applications, e.g. TSN traffic flows, are correctly received within the end-to-end latency budget in order to avoid the unavailable time, i.e. down state. Therefore, the Radio Access network (RAN) needs to quickly react by increasing the reliability of the wireless link for the concerned traffic flow(s). 

We think that PDCP duplication seems to be the most appropriate mechanism to ensure that survival time requirement can be fulfilled since also scenarios where UE is experiencing a deep link quality decrease due to e.g. beam blockage (which is why duplication was designed for NR in first place) can be resolved, whereas mechanisms relying on adapting L1/L2 transmission parameters like adapting MCS don’t seem sufficient for such a scenario. 
UE always performing a retransmission in case of receiving a HARQ NACK
It should be noted that a UE autonomous PDCP duplication solution based on HARQ NACK reception relies on gNB providing always a NACK upon reception failure and one could argue that for the most stringent cases, it is not useful or even possible to perform a retransmission since the PDB would not accommodate any HARQ retransmission(s), i.e. only single shot transmissions possible. There are several options how to address this issue. In one option there could be some explicit indication, i.e. within the DCI indicating a HARQ NACK, whether UE shall perform a retransmission. Alternatively, certain conditions may be specified under which UE doesn’t perform a HARQ retransmission in response to receiving a retransmission DCI, i.e. UE may not transmit for all cases a retransmission upon reception of a DCI indicating a retransmission (NACK). For example, when PDB would not allow for a retransmission, UE may skip the retransmission when receiving a NACK/retransmission grant and just enable PDCP duplication. 
Proposal 1:  RAN2 to discuss how unnecessary retransmissions upon reception of a DCI indicating a retransmission (NACK) can be avoided. 
One further detailed issue which is currently open is how radio resources are provided for the (additional) legs/RLC entities used for PDCP duplication once UE enters SurvivalTime state. It’s FFS whether CG resources are considered as deactivated outside SurvivalTime and autonomously activated within the SurvivalTime state. 
In our understanding the initial state of a CG configuration configured for a leg/RLC entity used for PDCP duplication should be set to “deactivated”. The UE activates/deactivates the CGs autonomously when activating/deactivating PDCP duplication for the associated RLC entity following the reception of a NACK/retransmission grant and entering the SurvivalTime state respectively once leaving the SurvivalTime state. The preconfigured CG resources are considered as deactivated outside SurvivalTime, and implicitly activated when entering the SurvivalTime state. Considerring the CG resources as deactivated outside the SurvivalTime will simply gNB implementation, i.e. no need to decode those CG resources. 
Furthermore, as already commented during the email discussion, we don’t see a need for some new RRC parameter which is used during LCP or some new LCP restriction configuration. The current defined LCH restriction configurations are sufficient to link a secondary LCH to a CG configuration which is used when entering ST state. 
Proposal 2: To provide radio resources on the legs used for PDCP duplication and to guarantee CG resources are not used outside of Survival Time, a CG is considered deactivated outside of Survival Time and activated during Survival Time state.
Number of RLC entities that are activated upon entering Survival Time 
During the RAN2#116e email discussion two variants were discussed which had support from a number of companies:
1) 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.

2) Following entry to Survival Time, PDCP duplication is activated for a separately configured set of associated RLC entities that are configured for a DRB. The RLC entities are identified using a new RRC configuration option which can be optionally present. The separate set is used in Survival Time only.

Looking at the previous discussions related to this issue following agreement reached in the in RAN2#115 needs to be highlighted
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.  

Even though this agreement may be understood slightly different by different companies, we have to admit that the wording “gNB pre-configures which RLC entities can be activated for duplication” indicates a configuration that is provided for the SurvivalTime state. According to some companies’ interpretation it is very clear that the agreement says the gNB can indicate/signal a subset of the RLC entities that the UE should activate upon entering Survival Time state. Furthermore, supporters of the second option argue that a preconfigured set of RLC entities used for ST offers some flexibility in the NW to accommodate actual radio conditions as well as the reliability required for the service, while also honoring spectrum and energy efficiency. We actually don’t believe that NW can consider actual radio conditions, if the RLC entities used for PDCP duplication when entering ST are preconfigured. Preconfigured means basically that it is a RRC configuration, hence there is no possibility to dynamically change the set of RLC entities. We favored so far option 1 mostly for simplicity reasons. However, we do see the point that activating all RLC entities may lead to some UE power limitations. Therefore, we would be also OK to support option 2 if this is wanted by the majority of companies. 
Proposal 3: Following entry to Survival Time state, PDCP duplication is activated for a separately configured set of associated RLC entities that are configured for a DRB. The RLC entities are identified using a new RRC configuration option which can be optionally present. The separate set is used in Survival Time only.
MAC behaviour upon identification of a retransmission grant that triggers Survival Time state for a DRB

The survival time state is radio bearer- respectively LCH-specific, e.g. DRB is configured with parameter SurvivalTimesupport. Therefore the UE behaviour should be also specified such that UE enters ST state e.g. activating PDCP duplication, once a DRB/LCH which is configured with SurvivalTime support meets certain predefined criteria. To be more specific, if a MAC PDU contains data from a DRB with Survival Time support and when a retransmission grant is scheduled for the MAC PDU, the UE is aware that the DRB shall trigger Survival Time state, i.e. Survival Time is triggered in the UE by receiving a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.
Proposal 4: 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.
During the RAN2 email discussion it was also discussed whether the case where DRBs configured with survivalTimeSupport and without survivalTimeSupport are multiplexed in one TB or mapped to the same CG should be further addressed from specification perspective. First of all, we think that a smart gNB implementation would not configure it in this way. Essentially one CG should be dedicated to one DRB with survival time requirement, because we are dealing with critical traffic and it is not desirable to mix up traffics onto single resource. 

Furthermore even if such case where DRBs with and without survivalTimeSupport are multiplexed in the same MAC PDU is supported by specifications, UE/MAC would identify the need for entering survival time state by mapping the HARQ-NACK to the proper DRB/LCH. Thus the MAC knows which DRBs exactly are affected by the NACK and should only target these for survival time activation.

Proposal 5: 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.
Also, according to the Table 5.2-1 from [3], the 5G system shall be able to support mobility of the UEs and support variable packet size which may result in BWP switching. Therefore, it is possible that e measurement gaps are configured to such UE. In NR, the length of measurement gap could be from 1.5ms to 6ms depending on the frequency of the serving and target cell. And in light of the current MAC specification, during measurement gaps, the UE shall not perform data transmission/reception except for messages related to random access, e.g. RACH Msg3.
In addition, the messages of a periodic deterministic communication services need to be transmitted within the bounds of survival time, e.g., 2.5ms. If the survival time has been exceeded, both the communication service and the application transition into a down state. The application will usually take corresponding actions for handling such situations of unavailable communication services. Considering the configurable length of measurement gap, even if the shortest value 1.5ms is configured in case of per frequency range (per-FR) measurement, the requirement of survival time may not be met.
Observation 1: A measurement gap may prohibit the timely delivery of messages which in turn may lead to the expiry of the survival timer.
In order to satisfy the survival time requirement as well as guarantee the measurement accuracy, a solution may be needed for cases when specific traffic transmission(s) overlap with a measurement gap. A simple enhancement could be to allow the (re-)transmission of configured traffic for cases when the uplink transmission resource collides with the duration of measurement gap, similar to the handling of RACH Msg3 and MSGA payload. In order not to impact the mobility related measurement performance and to have a deterministic UE behavior, certain criteria may be defined when UE is allowed to prioritize an UL transmission over a measurement gap. For example, for cases when a NACK has been received for a packet transmission and subsequent uplink resource overlaps with a measurement gap, UE should prioritize the UL transmission in order to fulfill the survival time requirements. 

Proposal 6: RAN2 should consider solutions where UE is allowed to perform an UL transmission for cases when the uplink resource overlaps with a measurement gap in order to meet the survival time requirements.
Conclusion
In this contribution, the mechanism to guarantee the requirement of survival time is illustrated and the following observation and proposals are given:
Proposal 1: RAN2 to discuss how unnecessary retransmissions upon reception of a DCI indicating a retransmission (NACK) can be avoided.
Proposal 2: To provide radio resources on the legs used for PDCP duplication and to guarantee CG resources are not used outside of Survival Time, a CG is considered deactivated outside of Survival Time and activated during Survival Time state.
Proposal 3: Following entry to Survival Time state, PDCP duplication is activated for a separately configured set of associated RLC entities that are configured for a DRB. The RLC entities are identified using a new RRC configuration option which can be optionally present. The separate set is used in Survival Time only
Proposal 4: 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.
Proposal 5: 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.
Observation 1: A measurement gap may prohibit the timely delivery of messages which in turn may lead to the expiry of the survival timer.
Proposal 6: RAN2 should consider solutions where UE is allowed to perform an UL transmission for cases when the uplink resource overlaps with a measurement gap in order to meet the survival time requirements.
References 
[1] RP-201310 WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR
[2] R2-2102726, “Handling of Survival Time”, CATT

[3] 3GPP TS22.104, Service requirements for cyber-physical control applications in vertical domains, V17.4.0
1

