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1 Introduction

In RAN2#113e meeting, the following agreements on QoS enhancement are achieved,
Agreements

-
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
-
RAN2 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
In this contribution, we will focus on the following left issues:

· How to measure survival time.
· How to recover from survival time.
2 Discussion

2.1 How to measure survival time
As illustrated in Figure C.3-1 in TS 22.104, once the application senses the absence (or unsuccessful reception) of expected messages, it will wait a pre-set period before it considers the communication service to be unavailable. This is the so-called survival time. Namely, survival time starts once one message is considered lost. The term of message lost means the message transmission is unsuccessful, i.e. it is incorrectly received, lost, or untimely. 
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Figure C.3-1: Relation between logical communication link, communication service and application statuses (example with lost messages)
Observation 1 According to TS 22.104, survival time starts once one message is considered lost.
In the latest RAN2 meeting, it is assumed that one application message is typically conveyed by one PDCP SDU. Without the support of aggregation function in the NAS/PDCP layer, one application message maps to one high layer packet, and one PDCP SDU maps to one high layer packet. Accordingly, it can be considered that survival time starts once one packet or one PDCP SDU is lost.
Observation 2 According to RAN2 agreement, one message is typically associated with one high-level packet and one PDCP SDU.

As described in Section 5.27.3 in TS 23.501, 
·   TSC QoS Flows use a Delay-critical GBR resource type and TSC Assistance Information. TSC QoS Flows may use standardized 5QIs, pre-configured 5QIs or dynamically assigned 5QI values (which requires signalling of QoS characteristics as part of the QoS profile) as specified in clause 5.7.2. For each instance of Periodicity, within each Period (defined by periodicity value), TSC QoS Flows are required to transmit only one burst of maximum size MDBV within the 5G-AN PDB. Known QoS Flow traffic characteristics provided in the TSCAI may be used to optimize scheduling in the 5GS.

It is clear that one message transmission should fulfil the requirement of 5G-AN PDB and the length of 5G-AN PDB interval is less than one period of the message. Considering PDB is measured per packet and 5G-AN PDB is typically counted from the time when the packet arrives at the PDCP layer of the sender, 5G-AN PDB is measured from the time of packet reception at the transmitting PDCP layer. 
Observation 3 According to current spec, 5G-AN PDB of a packet is measured from the time of the packet received at the transmitting PDCP layer, and the packet is considered lost upon its 5G-AN PDB expiry.
Observation 4 According to current spec, the length of 5G-AN PDB interval is required to be less than one period of the message.
Thus, a most straightforward way is to introduce a timer to measure survival time. In detail, the timer starts or restarts when a packet or PDCP SDU arrives at the transmitting PDCP layer. The length of the timer equals 5G-AN PDB. If NACK is received before the timer expiry or no ACK is received before the timer expiry, the packet or PDCP SDU is considered lost when the timer expires. In our understanding, ACK or NACK indication can be HARQ feedback, since ARQ feedback is untimely but HARQ feedback is carried in DCI or DFI which is timely and flexible. In a more stringent latency case, e.g. 0.5ms periodicity, we can rely on the timer status for the survival time check, since the RTT may be larger than the value of survival time. 
If survival time is detected, the UE enters the survival time state. If one packet or PDCP SDU is successfully transmitted during the survival time state, the UE leaves the survival time state.
Proposal 1 A new timer is introduced to measure survival time. In detail, the timer starts or restarts when a packet or PDCP SDU arrives at the transmitting PDCP layer. The length of the timer equals 5G-AN PDB. If NACK is received before the timer expiry or no ACK is received before the timer expiry, the packet or PDCP SDU is considered lost when the timer expires. Accordingly, the UE enters the survival time state.
Proposal 2 If one packet or PDCP SDU is successfully transmitted during the survival time state, the UE leaves the survival time state.
Based on the definition of survival time, survival time can be seen as the upper bound for the tolerable time duration for consecutive messages lost. Typically, it can be set as one or multiple burst periodicities. From the perspective of implementation, another timer can be introduced to synchronize the survival time state. In other words, the network can configure a timer associated with the survival time interval for UE synchronizing the survival time state. This timer starts or restarts when the UE enters the survival time state, and stops when the UE leaves the survival time state.
Proposal 3 Another timer is introduced to synchronize the survival time state. In detail, the timer starts or restarts when the UE enters the survival time state, and stops when the UE leaves the survival time state.
2.2 How to fulfil the requirement on survival time
Survival time is a typical QoS parameter to guarantee service performance. If the survival time is not fulfilled, the application transforms into a down state for communication service, which will induce a bad application performance. For example, assuming burst periodicity is 10ms, a survival time of 10ms means it is intolerant once more than one consecutive burst drops. To avoid consecutive unsuccessful transmission, RAN2 agrees to enhance uplink transmission considering the characteristic of uplink transmission. In general, if the UE enters the survival time state, the UE starts a more reliable transmission for the consecutive packets and returns to the normal/relaxed transmission when the UE leaves the survival time state.

Proposal 4 For uplink, the UE autonomously starts a more reliable transmission for the consecutive packets when the UE enters the survival time state and maintains the relaxed transmission when the UE leaves the survival time state. 

In our point of view, the following solutions can be considered for the UE autonomous reliable transmission,

· The UE autonomously activates duplication transmission.
· The UE autonomously activates repetition transmission.

· The UE autonomously selects a lower MCS.

No matter which solution above is chosen, the pre-configured resource/configuration is needed. Note that it is a trade-off between resource waste and performance protection.
Proposal 5 To assure survival time for uplink, RAN2 can consider PDCP duplication and/or adaptive L1 configuration.
In addition, the UE-based solutions can be triggered by the network indication to assure the UE behaviour is under network control to some extent.
Proposal 6 The triggering of the UE-based solutions can be configured by the network.

3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1
According to TS 22.104, survival time starts once one message is considered lost.
Observation 2
According to RAN2 agreement, one message is typically associated with one high-level packet and one PDCP SDU.
Observation 3
According to current spec, 5G-AN PDB of a packet is measured from the time of the packet received at the transmitting PDCP layer, and the packet is considered lost upon its 5G-AN PDB expiry.
Observation 4
According to current spec, the length of 5G-AN PDB interval is required to be less than one period of the message.


And propose the following:

Proposal 1
A new timer is introduced to measure survival time. In detail, the timer starts or restarts when a packet or PDCP SDU arrives at the transmitting PDCP layer. The length of the timer equals 5G-AN PDB. If NACK is received before the timer expiry or no ACK is received before the timer expiry, the packet or PDCP SDU is considered lost when the timer expires. Accordingly, the UE enters the survival time state.
Proposal 2
If one packet or PDCP SDU is successfully transmitted during the survival time state, the UE leaves the survival time state.
Proposal 3
Another timer is introduced to synchronize the survival time state. In detail, the timer starts or restarts when the UE enters the survival time state, and stops when the UE leaves the survival time state.
Proposal 4
For uplink, the UE autonomously starts a more reliable transmission for the consecutive packets when the UE enters the survival time state and maintains the relaxed transmission when the UE leaves the survival time state.
Proposal 5
To assure survival time for uplink, RAN2 can consider PDCP duplication and/or adaptive L1 configuration.
Proposal 6
The triggering of the UE-based solutions can be configured by the network.
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