Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #114e	Tdoc R2-2105676
Electronic meeting, 2021-05-19 - 2021-05-27
Agenda Item:	8.5.4
Source:	Ericsson
Title:	RAN enhancements based on new QoS related parameters
Document for:	Discussion, Decision
1	Introduction
This paper addresses the below objective in the WID
•	RAN enhancements based on new QoS related parameters if any, e.g., survival time, burst spread, decided in SA2. [RAN2, RAN3]
In the last meeting, the following has been agreed
Ran2#112
=>	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.
RAN2#113
-	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
[bookmark: _Ref178064866]
In light of further inputs by other companies in the email discussion [2], this paper elaborates our updated views. There are no additional issues other than what have been covered in the email discussion.
2	Discussion
2.1	On survival time
Once the survival time (ST) period starts, a RAN implementation may schedule the radio resource more robustly to increase the reliability of the subsequent messages (e.g., the second message) so that the probability of satisfying the communication service availability requirement can be enhanced before survival time expiration. What applies to the first lost message is implementation specific and there is no requirement to deliver this message, e.g., the gNB can discard the first message or deliver the first message later. If the message is successfully delivered (i.e., survival time is not violated in the end), the robust resource allocation can be replaced with a normal resource allocation. This is illustrated in the below figure.
[image: ]
Figure 1 How to use survival time at RAN. Normal resource allocation for the 1st and 3rd message, and more resource allocation for the 2nd message.

Note that the message failure rate is already a very rare event. For example, standard 5QI value of Delay Critical GBR QoS flows (from 82 to 86) in TS 23.501 [1] has a packet error rate target of 10^-4 or 10^-5. The mechanism of survival time can be one way to ensure an even higher communication service availability target value (for example, 1-10^-9).
[bookmark: _Ref67673513][bookmark: _Toc71612175]	The start of survival time is a rare event for the case where message delivery is supported according to corresponding PER and PDB QoS attributes.

One key question is how to trigger the resource allocation shift when the first message is not delivered according to the PDB. For Rel-17, we agreed to only focus on periodic traffic, and for periodic traffic, gNB is aware of the packet arrival at either UE or gNB (i.e., by using TSCAI parameters) and then it can observe whenever a packet is not delivered within the packet delay budget. Upon observing this a gNB can schedule the subsequent packet with higher reliability to help ensure the survival time is not violated, such as, sending a (re)-activation command for UL CG or a dynamic uplink grant with a more robust MCS, or even activating PDCP duplication.  
[bookmark: _Toc71612176]gNB knows when the expected message is not received according to the PDB and can schedule the subsequent message with higher reliability. 
As is shown above, there is already a well-functioning network-based implementation solution and it shall be taken as the baseline. 
[bookmark: _Toc68188807][bookmark: _Toc71612182]Network implementation-based solution to utilize survival time is the baseline. 

One contentious point, in the email discussion [2], is whether, additionally, a UE-based re-active solution is needed for UL. With UE based re-active solutions, the UE autonomously applies a more reliable pre-configured UL transmission only when needed, i.e., when Survival Time (ST) is entered. A UE-based re-active solution needs two fundamental components: 
1. The UE needs to receive an indication from the network that the previous transmission was not successful. This is to let UE know when to apply the more reliable pre-configured UL transmissions. 
2. The UL resources needs to be pre-allocated by the network so that UE can immediately utilize it upon entering the survival time mode. Otherwise, the network could simply allocate the resources itself which is essentially equivalent to network implementation-based solutions.
[bookmark: _Toc71612177]UE-based reactive solutions require network feedback on UL message reception and a pre-allocation of UL resources. 
It was argued that a UE-based reactive solution is beneficial in the case that gNB might not be fast enough to dynamically schedule the subsequent message, e.g., the case with a short survival time and the need to use PDCP duplication (which can only be done by MAC CE) to achieve diversity gain. However, the solution proposed therein (e.g., to use a re-tx grant to activate PDCP duplication) is a cross-layer over-optimization in the specification. The issue is that L1 DCI signals, compared to MAC CE, have a limited size and cannot be extended. More precisely, for the solution of activation PDCP duplication by L1 signals (e.g., re-tx grant), 
· the re-tx grant contains only HARQ process ID information, but no DRB ID or LCH ID information.
· there is no flexibility in indicating which legs to be activated (recall that Rel-16 IIoT supports up-to four RLC entities). 
· network may configure PDCP duplication with two legs for normal resource allocation (with the intention to use four duplication legs for survival time). The transmission may fail only in one leg, but the survival time operation (activating four duplication legs) does not need to be entered. 
· network may schedule multiple retransmission grants to meet the PDB of one message. If it is always the first retransmission grant, then the UE unnecessarily enters survival time mode. 
· Relying on a retransmission grant mandates that the network to dynamically re-schedule transmission of a previous “failed” message, which is not only of limited value but competes for the UL transmission resource of the subsequent message. 
[bookmark: _Toc71612178]Specifying L1 signals (such as re-tx grant) to activate PDCP duplication is complicated and, even if possible, it has limited use cases. 
A UE-based reactive solution also requires having reserved UL resources all the time for the LCHs with PDCP duplication configured but not activated yet. In the email discussion [2], it was mentioned that the network knows as soon as upon correct decoding of the UL transmission that UE won’t use these resources “reserved” for the next message transmission. In this case, the network can schedule other UEs on the resources that overlap with those unused resources reserved for this UE. However, what is known at the network is that the UE would not transmit data from a certain logical channel, but there is no guaranteed way to ensure that the UE would never use the reserved UL resources, for example, the grant may still contain MAC CE only (i.e., no LCP restriction for MAC CE), a padding MAC PDU might be generated due to a to-be-multiplexed UCI (i.e., configured with enhancedSkipUplinkTxConfigured-r16).
[bookmark: _Toc71612179]It is not clear how allocated UL resources are guaranteed not to be used by a UE.

More importantly, the intended functionality (i.e., PDCP duplication is used upon a reception of a L1 signal) can be achieved by a network implementation as follows
Network configuration
· Network configures and activates PDCP duplication involving multiple duplication legs. For some duplication legs, network configures LCP restriction so that the LCHs associated with these duplication legs are restricted to be transmitted on a type of UL resource not allocated to UE yet.
· For example, network configures LCP restriction (allowedCG-List-r16) so that a duplication leg can only be transmitted on a CG with a certain index number (say CG-a) and this CG is configured but not activated.
· Network configures PDCP discard timer so that always only the latest (most recently arrived) packet is in the queue to be transmitted when resources are eventually allocated.
· For example, network configures PDCP discard timer equal to the packet delay budget. 
Network action when detecting survival time is entered (e.g., does not receive a periodic UL packet):
· Network allocates UL resources for the concerned duplication legs (i.e., the duplication legs for which the transmission is restricted (by LCP restriction) on unavailable UL resources) 
· Following the configuration example above, network transmits a CG activation DCI command to activate the CG-a, on which the concerned duplications legs can be transmitted.
[bookmark: _Toc71612180]There exists a network implementation solution to effectively enable PDCP duplication by a DCI command. 
The above configuration has assumed that there will always be time for a gNB to (a) detect PDB violation and (b) send a DCI command to activate a configured but un-allocated UL resource. It has been argued by some companies that gNB might not be fast enough to transmit any DCI command and a pro-active allocation of PDCP duplication for every N-th PDCP SDU is proposed. In the similar spirit of the above network implementation (i.e., PDCP discard timer set to the packet delay budget), the network can configure a CG whose periodicity is equal to N times the message periodicity and achieves the outcome that only one out of N-th PDCP SDU is duplicated. 
[bookmark: _Toc71612181]There exists a network implementation solution to enable PDCP duplication for every N-th PDCP SDUs. 

Last but not the least, it is not required that the network must use the survival time mechanism to deal with a very stringent survival time. Any use case for which short periodicity precludes the ability of a gNB to dynamically react to detecting an UL transmission failure (by allocating additional UL resources for UE re-transmission before ST expiry) can also be left up to gNB implementation i.e. a gNB should be able to determine that there are CG type applications for which satisfying PER alone is sufficient (i.e. the gNB does nothing upon detecting ST expiry). 
Based on the above discussions, it is clear that UE-based solutions are not needed, as they cannot improve the performance as compared to network-based solutions.
[bookmark: _Toc71612183]Specification enhancements for UE-based solutions are not needed. 
3. Conclusion
In the previous sections we made the following observations: 
Observation 1	The start of survival time is a rare event for the case where message delivery is supported according to corresponding PER and PDB QoS attributes.
Observation 2	gNB knows when the expected message is not received according to the PDB and can schedule the subsequent message with higher reliability.
Observation 3	UE-based reactive solutions require network feedback on UL message reception and a pre-allocation of UL resources.
Observation 4	Specifying L1 signals (such as re-tx grant) to activate PDCP duplication is complicated and, even if possible, it has limited use cases.
Observation 5	It is not clear how allocated UL resources are guaranteed not to be used by a UE.
Observation 6	There exists a network implementation solution to effectively enable PDCP duplication by a DCI command.
Observation 7	There exists a network implementation solution to enable PDCP duplication for every N-th PDCP SDUs.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Network implementation-based solution to utilize survival time is the baseline.
Proposal 2	Specification enhancements for UE-based solutions are not needed.
[bookmark: _In-sequence_SDU_delivery]
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