


3GPP TSG-RAN WG2 Meeting #112 Electronic	R2-2009759
Elbonia, 02 – 13 November 2020	


Agenda item:	8.5.4
Source:	Nokia, Nokia Shanghai Bell
Title:	RAN Enhancement for Survival Time
WID/SID:	NR_IIOT_URLLC_enh
Document for:	Discussion and Decision
1	Introduction
According to the approved WID for NR IIOT/URLLC enhancement [1], Rel-17 should examine how RAN could be enhanced to support new QoS requirements such as survival time:
	RP-201310 (Revised WID: Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR):

……
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 
……



SA2 has recently concluded that survival time will be captured in the normative specification, in order to support TSC traffics for IIoT applications. According to TS22.104, survival time could be defined as following:
	TS 22.104 V17.3.0:
survival time: the time that an application consuming a communication service may continue without an anticipated message.


 
In general, survival time is a key characteristic that determines the communication service availability of the cyber-physical application, in order to fulfil its service performance requirement. This is particular applicable to applications with deterministic traffic, where the messages are expected to be transferred in a periodic fashion. 
Since the time interval between two adjacent messages is always fixed for deterministic traffics in the considered cyber-physical applications, the definition of survival time could be translated to a new QoS requirement, namely how many consecutive message transmission failures can an application tolerate, before halting its operation due to unavailability of communication service, where “transmission failure” occurs when the Packet Delay Budget requirement corresponding to the message is not satisfied or the message is not received at all. As described in TR 23.700-20 v0.5.0, the survival time could be conveyed to RAN as a parameter of TSCAI (along with burst periodicity), and it could be specified in unit of time or as the maximum number of consecutive message transmission failures. Against this backdrop, this paper aims to provide our views on enhancements that RAN2 could consider in Rel-17 to cope with survival time requirement indicated in the TSCAI for a traffic flow.
2	Discussions
2.1	Motivations for Enhancements
From the RAN point of view, in order to avoid consecutive transmission error, one potential way is to increase the overall reliability target of each individual packet from the traffic flow such that the probability of consecutive error can be reduced to a certain satisfactory level. This means that, instead of configuring the radio resource to cater for typical QoS parameters such as PER requirement, the RAN should set a much higher reliability target to reduce the probability that packet transmissions fail consecutively. This could be translated to excessive consumption of radio resources in terms of time and frequency, as well as device power for computing and transmission. More particularly, lower MCS, more repetitions over time/frequency/spatial domain, and/or PDCP duplication may have to be applied for every packet coming from a traffic flow with survival time requirement, which is not desirable from resource efficiency point of view, and at the same time it may create more unnecessary interference which may impact the reliability of other users as well.
Observation 1: Prevention of consecutive packet error by over-provisioning of reliability target can result in very inefficient radio resource usage.
Thus, when it comes to RAN enhancement for survival time, a key issue to be conceived should be how to strike a balance between resource efficiency and survival time requirement. This could be achieved by, e.g. select appropriate resources per each packet in the same traffic flow. More details are covered in the remainder of this paper.
Proposal 1: RAN2 should examine enhancements that strikes a balance between resource efficiency and survival time protection.
To overcome this issue, in general it is much easier in Downlink. As the gNB has a complete knowledge about survival time for each traffic flow, it can adjust the corresponding radio resource for each packet to facilitate fulfilment of survival time requirement, when this is needed. For instance, the gNB could simply multiplex data from a specific DRB to a transport block for downlink assignment (either a dynamic downlink assignment or a SPS opportunity) with higher reliability when there is a risk of survival time violation (e.g. UE fails to decode the previous PDSCH). Hence, from our perspective, the survival time in Downlink could be handled via gNB implementation in most (if not all) cases. 
Conversely, Uplink appears to be trickier as resource selection by the UE is an implementation issue when there are more than one PUSCH opportunities available to the UE (especially when they are overlapping in time). In particular, when a LCH could be mapped to more than one grant, the grant priority could be the same from MAC perspective, and it is up to the UE which grant should be chosen for further processing (regardless whether lch-basedPrioritization is configured):
	TS 38.321 V16.2.0:
……
NOTE 6:	If the MAC entity is configured with lch-basedPrioritization and if there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal, the prioritized uplink grant is determined by UE implementation.
NOTE 7:	If the MAC entity is not configured with lch-basedPrioritzation and if there is overlapping PUSCH duration of at least two configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants.



Therefore, the UE may select an inappropriate (i.e. less reliable) resource for a data packet with survival time risk, which eventually may result in survival time violation. For instance, we may transmit every N-th packet with higher reliability to prevent consecutive error, but this is more difficult (if not impossible) to control in UL as the UE may still select the less reliable resource for the N-th packet based on its implementation, which put survival time requirement at stake. One could argue that, to avoid two consecutive errors, the gNB could configure two CGs interlaced in time, such that the UE could naturally select the suitable resource as there is no resource conflict upon the arrival of the packet from higher layer. Nevertheless, in TS 22.104 we can see several use cases with survival time equals to 3x of the transfer interval (burst periodicity), which means the applications cannot tolerate 4 packets error in a row. In these cases, it is difficult to eliminate the resource conflicts between two CGs at appropriate times due to their periodic nature. Thus, for Uplink we do see the need of certain RAN enhancements.
Proposal 2: In Rel-17, RAN2 should focus on enhancements for survival time in Uplink.

2.2	An Overview of Potential Enhancements
This section introduces some directions for RAN enhancement to satisfy survival time requirement without sacrificing too much resource efficiency. The potential solutions could be classified into Proactive methods and Reactive methods, as described below:
· [bookmark: _GoBack]Proactive Methods are referring to the approaches where the UE may proactively transmit selected data packets in a more reliable manner, in order to make sure at least one out of N consecutive messages is transmitted with higher reliability (where N is the maximum number of consecutive message lost that an application can tolerate in accordance to survival time requirement). With such approach, at least one message is more likely to be successfully received within one survival time cycle, and hence reducing the probability of consecutive failure that leads to survival time violation eventually. For instance, it can be achieved by allowing the UE to determine how a PDCP PDU should be processed based on its sequence number. In particular, two (or more) RLC entities could be configured for a DRB with different LCH mapping restrictions (e.g. two different allowedCG-List corresponding to CGs with different reliability levels) in MAC, and the PDCP may submit the PDCP PDU to either RLC entity depending on its sequence number (SN). Thus, consecutive error of two messages could be prevented by submitting every 2nd PDCP PDU to LCH with better reliability. Alternatively, without changing the reliability target, the consecutive transmissions can be conducted in channels decorrelated as much as possible, such as submitting consecutive packets to different RLC entities mapping to different cells (assuming CA and/or DC). The proactive methods are advantageous in terms of simplicity and low latency, but it still requires some over-provisioning of the resource. The proactive methods are advantageous in terms of simplicity and low latency, but it still requires some over-provisioning of the resource. 

· Reactive Methods are referring to the approaches where the UE only transmit a data packet in a more reliably manner upon occurrence of certain event – e.g. when the previous data packet is lost or not transmitted successfully within the required latency budget. The UE may be configured to modify LCP settings of a LCH when it receives a e.g. re-TX grant dedicated to TB containing previous data from the same LCH (which implies that the gNB did not decode the previous TB successfully). Such approach can have much better resource efficiency as additional radio resources (for higher reliability) are used only if such a need is detected. Nevertheless, there could be some issues on feasibility in the current NR framework. For example, it is questionable if the gNB can provide the re-TX grant (or any feedback for error indication) fast and reliable enough for the UE to react in time, considering that TSC traffics typically have stringent latency requirement. Also, the implementation complexity could be higher than the proactive methods, especially cross-layer interaction may be needed if the adaptation is to be conducted in the higher layer. 
Clearly, there are pros and cons associating to both Proactive and Reactive methods. It is suggested that RAN2 should further study and evaluate which approach is more suitable for Rel-17.
Proposal 3: RAN2 should take both Proactive methods and Reactive methods into account as potential enhancements for survival time requirement in Rel-17.

3	Conclusion
In this paper, we have provided our views on RAN enhancement to tackle survival time requirement in Rel-17. Based on the discussions, the following observation and proposals are drawn:
Observation 1: Prevention of consecutive packet error via over-provisioning of reliability target can result in very inefficient radio resource usage.
Proposal 1: RAN2 should examine enhancements that strikes a balance between resource efficiency and survival time protection.
Proposal 2: In Rel-17, RAN2 should focus on enhancement for survival time in Uplink.
Proposal 3: RAN2 should take both Proactive methods and Reactive methods into account as potential enhancements for survival time requirement in Rel-17.
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