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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. In particular, SA2 has agreed to focus on applications with deterministic traffic, where the messages are expected to be transferred in a periodic/cyclic fashion. This can be shown in the LS from SA2 (R2-2010692):
	R2-2010692: LS on Use of Survival Time for Deterministic Applications in 5GS
3GPP SA WG2 has studied a key issue for introducing “Use of Survival Time for Deterministic Applications in 5GS” and selected the solutions as the basis for normative work. One of the basic principles of the agreed conclusions is that SMF determines TSCAI Survival Time and sends it to the NG-RAN. The Survival Time in TSCAI may be expressed, assuming cyclic traffic of the deterministic application:
i) as a maximum time in units of “time” where each unit corresponds to the data burst periodicity defined in TSCAI in Rel-16; or
ii) as a maximum number of consecutive data burst transmission failures, where a data burst corresponds to a single application message.
……



Based on discussions during RAN2 #112e, RAN2 has concluded that Option (i) in the SA2 LS is preferable from RAN2 perspective, and the following agreement has been made:
Agreements 
=>	Time period during which “message loss” can be tolerated is adopted as the preferred format for Survival time.  FFS how this will be achieved and what message loss means in RAN2

On the other hand, SA2 has also requested RAN2 to provide feedback on usefulness of Communication Service Availabality (CSA) as an additional QoS information from the core network, but this issue is still pending. 
	SA WG2 also kindly requests 3GPP RAN WG2 and RAN WG3 to provide their feedback on the preference of Survival Time definition of i) or ii) as defined above and to inform SA2 whether receiving survival time is sufficient for NG-RAN to address the performance targets (same Survival Time but different communication service availability for different services) laid out by SA1 in Table 5.2-1 in TS 22.104.



Against this backdrop, this paper presents our views on the following open issues:
· Do we need additional QoS or TSCAI parameters other than survival time and what are already available?
· Do we need to introduce RAN enhancement for survival time?
· What RAN enhancements we can introduce to fulfill survival time requirement?
2	Discussions
2.1	Need of Additional QoS Parameters
SA2 has requested RAN2 to provide some feedback about whether CSA should also be provided by the core network for the RAN to address the performance target. One argument is that, different types of services may have the same survival time requirement, while the requirements of CSA are different. Thus, for some types of services the violation of survival time can be allowed as long as the required CSA is still fulfilled, and knowledge regarding CSA is useful for RAN to determine how often it should strive to avoid survival time violation.
From our perspective, the RAN should anyhow always try to ensure survival time is not violated. It does not make sense for the RAN to log how many times survival time has failed overall, since the survival time is actually evaluated based on status of  application layer message. Also, we must note that 5GS could act as only a TSC bridge within an end-to-end path, and therefore 5GS may not be aware of any message loss that has occurred (or will occur) in other segments of the end-to-end path. That is, if any error happens in the upstream or downstream of 5GS, 5G RAN may not be able to rectify such situations. The only thing that 5G RAN could do is to make sure that violation of survival time does not happen in 5GS. Hence, knowledge of CSA should not really change how 5G RAN should behave regarding survival time, it should always strive to fulfil its responsibility of supporting survival time requirement regardless of what the CSA is. Therefore, we do not see benefits for the core network to provide information on CSA.
Proposal 1: Survival Time is sufficient for 5G RAN to address the performance target. Communication Service Availability (CSA) is not needed.
We have provided a draft reply LS in the appendix to address the request from SA2 in this regard.
On the other hand, during RAN2 #112e we have also discussed whether Burst Ending Time (BET) could be beneficial. The motivation behind is to provide information to the RAN on when the data has arrived at the gNB/UE buffer, such that the gNB can appropriately determine the timing of the PDSCH/PUSCH resources. Although this may bring some benefits, it might be an overkill as the burst end time may be already determined from the Burst Arrival Time (BAT, provided in the TSCAI) and the burst duration, e.g. estimated from the burst size/Maximum Data Burst Volume (MBDV). Besides, SA2 is still considering whether burst spread should be introduced as another TSCAI parameter; thus, RAN2 should only consider BET (if needed) after SA2 has made more solid conclusions about burst spread, as burst spread could be used imply BET as well. At this stage, we think RAN2 should focus on survival time without requesting SA2 to provide additional information.
Proposal 2: RAN2 should focus on enhancements for survival time, without concerning any other additional potential TSCAI parameters.
 
2.2	Need of RAN Enhancements for Survival Time
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.
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 3: 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). Consequently, 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 for example, 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 4: RAN2 should focus on enhancements for survival time in Uplink.

2.3	Proactive and Reactive Methods for Survival Time
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.
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>1 consecutive messages is transmitted with higher reliability (where N is the maximum number of consecutive message loss 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 (SN), assuming the UE processes each incoming burst as a PDCP PDU. 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 of this DRB may submit a PDCP PDU to either RLC entity depending on its sequence number (SN). Thus, the PDCP may submit every N-th PDCP PDU to RLC whose LCH is configured with more reliable resource restriction, for cases where the maximum number of consecutive error that an application can tolerate is N. The value of N could be configured in pdcp-config beforehand for the UE to behave correctly. From PDCP perspective, this boils down to an RLC switching scheme within a DRB, which is akin to split bearer operation but RLC switching is associated to the SN of the PDCP PDU, rather than data volume. In fact, the complexity of such scheme is even lower than the existing split bearer, as PDCP does not have to compute data volume like in split bearer and SN is naturally assigned for each PDCP PDU anyway. The proposed scheme of RLC switching based on SN is shown in Figure 1.
Such RLC switching scheme could be alternatively applied to deliberately decorrelate the channel of consecutive packets. For instance, each LCH could be restricted to different serving cells (via configuration of allowed serving cells), so a series of data bursts may be transmitted on different carriers (or through different cell groups in cases of dual-connectivity) to average out the probability of consecutive error, i.e. a series of packets of a DRB does not always stuck in a serving cell with poor channel quality. The proactive methods are advantageous in terms of simplicity and low latency, as it is independent to the status of preceding data packets.
Proposal 5: RLC switching based on PDCP PDU SN should be considered as a RAN enhancement to proactively prevent survival time violation. 
[image: ]
Figure 1 An illustration of RLC switching based on SN, to support survival time requirement.
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 may have 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 and may have very short burst periodicity. In addition, in cases with CG PUSCH, no ACK required in PHY after gNB receiving the TB correctly, i.e. UE assumes ACK after some time. Hence the UE cannot distinguish between: (1) TB is received correctly at gNB; and (2) TB is lost and gNB does not manage to detect DM-RS either. Apparently, relying on gNB feedback to determine if reaction is needed for survival time is quite risky. One could argue that, we may enhance the feedback mechanism to support reactive methods in a timely fashion, but this means we need to make additional effort. Besides, inevitably we will need to involve RAN1 whose workload is already heavy in Rel-17. On the other hand, we must note a MAC PDU may contain data from multiple LCHs, and not all of them correspond to traffics with survival time requirement. Thus, reactive adaptation for an erroneous MAC PDU as a whole could be an overkill.
If reactive methods are to be considered, we think RAN2 should develop mechanisms not relying on any feedback from the gNB. More specifically, the UE may immediately trigger more reliable transmission for subsequent data based on events that the UE can detect autonomously without waiting for any network indication. Here are two examples: 
· The MAC may change LCH mapping restriction for a LCH when the preceding transmission for data from this LCH is delayed due to e.g. resource collision (such as intra/inter-UE prioritization). In particular, as soon as a grant is de-prioritized or if its PUSCH is cancelled, the UE may autonomously adjust LCP setting of the LCHs (with survival time requirement) affected by such delay, to ensure new data from these LCHs can be transmitted with higher reliability and/or lower latency.
· In NR-U operation, when a running  cg-retransmission timer is expired (which can be deemed as NACK for the PUSCH that triggers the timer), the UE may autonomously change the LCH mapping restriction of LCHs with survival time requirement that have been mapped to the corresponding TB. Thus, the subsequent data from the these LCHs can be transmitted more aggressively to fulfil survival time (e.g. the next data from the affected LCH can only be transmitted on a licensed serving cell instead to prevent further delay due to LBT failure).
For reactive methods based on these events without relying on gNB feedback, the UE may directly consider it is highly unlikely for the UE to transmit the current message successfully, and it may react immediately to ensure successful transmission of subsequent messages to avoid survival time violation.
Proposal 6: RAN2 should only consider reactive methods for survival time support that are based on events not relying on gNB feedback.  

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 proposals are drawn:
Proposal 1: Survival Time is sufficient for 5G RAN to address the performance target. Communication Service Availability (CSA) is not needed.
Proposal 2: RAN2 should focus on enhancements for survival time, without concerning any other additional potential TSCAI parameters.
Proposal 3: RAN2 should examine enhancements that strikes a balance between resource efficiency and survival time protection.
Proposal 4: RAN2 should focus on enhancements for survival time in Uplink.
Proposal 5: RLC switching based on PDCP PDU SN should be considered as a RAN enhancement to proactively prevent survival time violation. 
Proposal 6: RAN2 should only consider reactive methods for survival time support that are based on events not relying on gNB feedback.  
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Attachments:	-


1. Overall Description:
RAN2 would like to thank SA2 for the LS relating to survival time for deterministic applications in 5GS (S2-2007880). Previously RAN2 has responded with a reply LS R2-2010838 indicating that it is preferrable to express survival time in units of “time” in TSCAI, but deferred the feedback on whether survival time itself is sufficient for NG-RAN.
RAN2 has now discussed this pending issue and concluded that receiving survival time is sufficient for NG-RAN to address the performance targets (same Survival Time but different communication service availability for different services) laid out by SA1 in Table 5.2-1 in TS 22.104.

2. Actions:
To SA2
ACTION: 	RAN2 respectfully asks SA2 to take into account RAN2’s conclusion.

3. Date of Next TSG-RAN WG2 Meetings:
3GPP RAN2#113bis-e	from 2021-04-12	to 2021-04-20		Electronic Meeting
3GPP RAN2#114-e	from 2021-05-19	to 2021-05-27		Electronic Meeting
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