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1	Introduction
[bookmark: _Toc474247438]This is the last RAN3 meeting to complete the Rel-17 work item “Enhanced Industrial IoT and URLLC support for NR” [1]. For the WID objective related to RAN enhancements based on new QoS related parameters, there are two remaining open issues:
1.	Alignment with RAN2 agreements on Survival Time state
2.	Downlink Survival Time assistance information during handover
In this paper, we evaluate these open issues and propose a way forward.
2	Discussion
2.1	Background
RAN2 has made several agreements that should be taken into account in the RAN3 discussion. In this section, we identify the relevant RAN2 agreements and provide our understanding.
During RAN2#113-e, RAN2 made the following agreement:
Agreements
[agreements not relevant to RAN3 discussion are skipped]
-	RAN2 confirms that specification enhancement for survival time support may only needed for uplink.  Downlink is addressed by implementation and no specification impacts.  

During RAN2#116-e, RAN2 made the following agreements:
Agreements:
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

Based on RAN2 #113e agreement, it is apparent that all subsequent enhancements adopted by RAN2 are specifically for UL, as in general DL survival time requirement can be fulfilled by gNB implementation without using the specific mechanisms. For UL, RAN2 has agreed to support survival time by triggering PDCP duplication (more specifically, activating all RLC entities of the DRB) with a retransmission grant provided in the DCI from the gNB. When the UE receives a retransmission grant in MAC from the gNB, it implies that the delivery of the previous transport block (i.e. MAC PDU) corresponding to the retransmission grant was failed, and hence the UE would instruct the DRBs requiring survival time that have data in the failed transport block to enter the “survival time state”. The UE may identify which DRBs should enter survival time state in accordance with the logical channel IDs of data multiplexed in the failed transport block. The concept of survival time state for a DRB is illustrated below:
[image: ]
Figure 1: Illustration of "Survival Time State" for UL survival time support defined by RAN2
The idea is that the UE should maximize the reliability for the next upcoming packet by activating all RLC entities for PDCP duplication, in order to prevent consecutive delivery failure, given that the previous packet was not successfully transmitted (as implicitly indicated by the retransmission grant received in MAC). Such mechanism was tailored for UL as only DCI-based signalling (e.g. retransmission grant) is fast enough to support most stringent survival time requirement such as 0.5ms, which allows the transmitter (i.e. the UE) to know that the previous packet failed and hence the DRB should enter survival time state as quickly as possible.
Observation 1:	RAN2 agreements on survival time state are applicable to uplink only, i.e. DRB enters survival time state based on DCI trigger which activates all RLC entities for PDCP duplication of subsequent uplink packets. 
Observation 2:	Survival time state primarily benefits services with stringent uplink survival time requirements (e.g. 0.5ms). 
For DL, on the other hand, there are many other ways for the transmitter (i.e. the gNB) to know that some actions should be taken for a DRB to support survival time. For examples, the gNB may determine that the next DL packet should be treated with higher reliability target when one of the following occurs:
1.	The gNB receives HARQ NACK in PUCCH for the previous packet
2.	The gNB detects that the air interface channel quality is deteriorating 
3.	The previous packet has not arrived in the upper layer for transmission (e.g. the packet was already lost somewhere else of the E2E path, before reaching the 5GS)
Note that this is not an exhaustive list. There are many other situations where the gNB can determine that some actions should be taken for survival time support, and this is totally up to gNB implementation. Furthermore, it is also up to gNB implementation to decide what actions can be taken to prevent consecutive DL packet failure, such as:
1.	Activate DL PDCP duplication
2.	Issue dynamic PDSCH resource allocation command with higher reliability target (e.g. lower MCS and/or more repetitions)
3.	Command the UE to change parameters for SPS resource allocation (e.g. lower MCS and/or more repetitions)
Thus, triggering DL PDCP duplication (as defined for UL) is NOT the only way for the gNB to fulfil the DL survival time requirement. How the gNB should respond shall be entirely left to gNB implementation, which is aligned with RAN2 agreement. Therefore, when it comes to RAN3 impacts, we do not think the enhancement for DL survival time support has any correlation with RAN2 mechanisms defined for UL, otherwise it would impose unnecessary restrictions to gNB implementations about how DL survival time should be supported.
Observation 3:	Enforcement of the survival time requirement in downlink is up to gNB implementation. 
2.2	Survival Time state
In Rel-16, PDCP duplication with up to four RLC entities for a DRB in uplink and/or downlink can be supported. The network is able to dynamically control (via MAC CE command) which of the configured RLC entities are active for uplink duplication at a certain time.
The RAN2 agreements on survival time state in Rel-17 further enhance the dynamic control of PDCP packet duplication in the uplink, by allowing the UE to activate all RLC entities of a DRB for duplication based on an implicit trigger (i.e. UE receives retransmission grant in MAC from the gNB). In other words, only the dynamic control at MAC layer is enhanced, while the overall PDCP packet duplication framework introduced in Rel-16 remains the same. Thus, the survival time state does not appear to impact RAN3 specifications.
Proposal 1:	RAN2 agreements on survival time state do not impact RAN3 specifications.
2.3	Downlink Survival Time assistance information during HO
The impact of handover on DL survival time has been discussed by RAN3 for several meetings, and the following agreements have been captured in the Chair’s Minutes:
RAN3 continues to evaluate and discuss the solutions for the downlink Survival Time assistance information.
There is no need to deliver uplink Survival Time assistance information during handover in R17 based on agreements in RAN2 and RAN3.
Two solution options were discussed at RAN3#114bis-e and company views captured in [2]. In the following subsections, we further evaluate the two options.
2.3.1	Option 4: Downlink Survival Time state indicator
Solution Description:
-	Downlink Survival Time (DST) state is associated with a DRB and has two values. The DST state is “deactivated” when the latest DL packet transmission was successful, and “activated” when the latest DL packet transmission was unsuccessful. Note that DST state is unrelated to the Survival Time (ST) state discussed in RAN2 which is applicable only to uplink (see section 2.2).
-	At handover (without DAPS), the DST state is provided per-DRB by the source gNB to the target gNB in the SN STATUS TRANSFER message.
We see a significant drawback with Option 4 for the case where the DST state is “deactivated”. Referring to Figure 1 from [2]:
[image: 图片1]
Figure 1: Handover (DRBs not configured with DAPS)
When the source gNB includes the DST state (“deactivated”) in the SN STATUS TRANSFER, the target gNB will of course assume that the DST state is indeed deactivated. However, there is a time gap between the following two events:
(a)	Source gNB stops transmitting DL User Data to the UE (and sends the SN STATUS TRANSFER message to the target gNB); and
(b)	Target gNB starts sending DL User Data to the UE.
During this time gap (handover interruption time), a DL packet may be delayed which should trigger activation of the DST state. However, during the handover interruption time the DST state remains “frozen”. When DL User Data resumes at the target, the target gNB will assume that the DST state is still “deactivated” which will be incorrect.  Note that lossless handover cannot guarantee that DST state is accurate during handover, since delays to deliver a DL packet can change the DST state.
In our view, the problem can be summarized (at high level) as follows: there are 3 different DST “states” at the target gNB following HO:
1.	DST state is “deactivated” with 100% confidence
2.	DST state is “activated” with 100% confidence
3.	DST state is not known with 100% confidence.  This should be treated by the target as “activated”.
For Option 4, only states #2 and #3 exist.  In other words, source indicates “activated” (#2) or “deactivated” which cannot be 100% trusted (so #3). Thus, the target must always assume “activated” which brings no benefit compared to doing nothing.
Observation 4:	The “deactivated” DST state is not 100% reliable during handover, and therefore Option 4 does not appear to have any benefit compared to “no solution”.
Even if Option 4 was enhanced (with additional complexity) to resolve the unreliability of the “deactivated” state, it has at least one additional drawback. For cases where survival time is more than one transfer interval, failure of even a single transmission results in the UE moved to “activated” DST state. In this state the target gNB must deliver the next packet with very high reliability. The target gNB will not be able to take advantage that there may be more than one transmission allowed before the survival time is violated.
Observation 5:	Option 4 is unable to take advantage of cases where Survival Time is a multiple (e.g. 2x or 3x) of the transfer interval.
2.3.2	Option 1: Available Survival Time
Solution Description:
-	Available Survival Time (AST) is defined as the survival time that remains (of the total survival time) within which the next packet must be transmitted successfully. The granularity of AST is milliseconds (same granularity as survival time).
-	At handover, the AST value is provided by the source gNB to the target gNB within the TSC Assistance Information IE in the HANDOVER REQUEST message.
As mentioned in section 2.1, the method to support DL survival time is up to gNB implementation in Rel-17, so RAN3 should not consider mobility enhancements that assume a particular survival time solution. Also, mobility enhancements primarily benefit services with relaxed survival time requirements (i.e. longer TSCAI periodicity and/or survival time that is multiples of the transfer interval). Therefore, only a simple solution should be considered in Rel-17. Because the semantics of AST is very similar to Survival Time, the handling of AST has minimal impact to specifications.
Observation 6:	AST is simple due to its common semantics with Survival Time and does not have the drawbacks of Option 4.
Based on the above analysis, the following is proposed:
Proposal 2: 	Introduce the Available Survival Time IE within the TSC Assistance Information IE transferred over Xn, to convey the survival time that remains following handover.
Proposal 3: 	The value range and granularity of the Available Survival Time IE is the same as the Survival Time IE.
3	Conclusions
In this paper, we evaluated the remaining open issues related to RAN enhancements based on new QoS related parameters. The following is proposed:
Proposal 1:	RAN2 agreements on survival time state do not impact RAN3 specifications.
Proposal 2: 	Introduce the Available Survival Time IE within the TSC Assistance Information IE transferred over Xn, to convey the survival time that remains following handover.
Proposal 3: 	The value range and granularity of the Available Survival Time IE is the same as the Survival Time IE.
A text proposal for XnAP reflecting the above is provided in Annex A.
References
[1] RP-210854 Revised WID: Enhanced Industrial internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR, Nokia, Nokia Shanghai Bell
[2] R3-221113 Summary of Offline Discussion on New QoS Related Parameters, ZTE (moderator)
Annex A:	TP for TS 38.423 BL CR
Start of Text Proposal for TS 38.423 BL CR
[bookmark: _Toc20953850][bookmark: _Toc29391028]9.2.3.xxx	Survival Time
This IE provides the Survival Time for a TSC QoS flow (see TS 23.501 [7]). 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Survival Time
	M
	
	INTEGER (0..19200000, …)
	Expressed in units of 1 us.

	Available Survival Time
	M
	
	INTEGER (0..19200000, …)
	Survival time that remains following handover.
Expressed in units of 1 us.



Next Change
9.3.5	Information Element definitions
** SKIPPING UNCHANGED TEXT **

SurvivalTime ::= SEQUENCE {
	survivalTime				INTEGER (0..19200000, ...),
	availableSurvivalTime		INTEGER (0..19200000, ...),
	iE-Extensions		ProtocolExtensionContainer { {SurvivalTime-ExtIEs} } OPTIONAL,
	...
}

SurvivalTime-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
	...
}

End of Text Proposal for TS 38.423 BL CR
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