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[bookmark: _Ref83278801]Introduction
In last meeting, Survival Time was discussed and it was agreed to focus on a HARQ-NACK solution that would not involve RAN1:

Agreements
1. RAN2 does not assume that physical HARQ-NACK messages are always available, i.e. RAN2 will not mandate explicit HARQ-NACK feedback
2. Given the application message size range under study, RAN2 will not optimize the ST design based on case of segmentation of message into multiple TBs. (This does not preclude the use of RLC segmentation; instead, it rules out optimizations for the case with RLC segmentation) 
3. Following entry into the Survival Time state, PDCP duplication for ST configuration is activated.  The gNB pre-configures which RLC entities can be activated for duplication when entering ST state.  FFS the number of supported RLC entities.  
4. RAN2 will at least continue working and discussing the HARQ NACK solution.  Details are FFS.  
This contribution addresses further details of the HARQ-NACK solution as well as the leftover concerns raised in previous meeting.
Discussion
Addressing leftover concerns on HARQ-NACK solution
[1] raises several concerns associated with the HARQ-NACK solution:
· L1-NACK reliability
· Preconfigured resources waste
· PDCP configuration control under tight L1 real time requirement
· Testability
We address them below.
L1-NACK reliability
RAN2 agreed to focus on the first three most stringent usecases of Table 5.2-1 of TS22.104 [2], where the Survival Time is equal to the transfer interval, with values as low as 0.5, 1 and 2ms. Each such usecase comes with a Communication Service Availability (CSA) requirement, defined as a range. The communication service becomes unavailable (CSU) when the Survival Time is missed or exceeded, which shall be no more than 1-CSA. The primary approach for achieving the CSA performance consists in setting the reliability (PER) of the UL transmission so that the probability of two consecutive packet failures is below the CSU, assuming uncorrelated errors. An example of such relationship between reliability (as defined in TS 22.261) and communication service availability when the Survival Time is equal to the transfer interval is provided in Table 5.1-1 of TS22.104. Table 1 below provides the range of CSA/CSU/PER values for the 500µs and 1&2ms usecases. It should be noted that SA1 added as a “warning” that “This is done for a special case where packet errors are uncorrelated, which in many cases is an unrealistic assumption”. This true statement is precisely the reason why we design a feature tracking the 1st failed packet to trigger duplication for the next packet, thus not just relying on PER statistics to address Survival Time. Still, the uncorrelated assumption is good enough to set the initial/baseline PER of the UL transmissions.
[bookmark: _Ref83048364]Table 1: ST miss rate due to PDCCH errors
	Usecase
	CSA requirement in TS22.104
	CSU
	PER
	ST miss

	ST = 500 µs
	99.999 % to 99.999 99 %
	10-5 to 10-7
	3.16*10-3 to 3.16*10-4
	3.16*10-8 to 3.16*10-9

	ST = 1&2 ms
	99.999 9 % to 99.999 999 %
	10-6 to 10-8
	10-3 to 10-4
	10-8 to 10-9


To meet URLLC service requirements, PDCCH and PDSCH/PUSCH should have similar BLER level. As RAN1 evaluation in TR38.825 [3], the PDCCH BLER should be 10-4 to 10-6 level. A PDCCH miss results in missing an ST trigger when it also coincides when gNB sends back a HARQ-NACK to the UE. Thus, assuming uncorrelated errors of PUSCH and PDCCH, the probability of missing a ST trigger (ST miss) due to missing a PDCCH is given in Table 1 for each usecase, assuming a PDCCH miss probability of 10-5. As can be observed, this probability is lower by an order of magnitude than the CSU performance requirement. Thus, the L1 NACK reliability does not prevent the HARQ-NACK solution from meeting the SA1 requirements for Survival Time.
It can be argued that the assumption of uncorrelated errors of PUSCH and PDCCH may not always be valid, e.g. in TDD. In such case, a safe solution can be to configure the PDCCH with cross-carrier scheduling.
Observation 1: The L1 NACK reliability does not prevent the HARQ-NACK solution from meeting the SA1 requirements for Survival Time.
[bookmark: _Ref83278615]Preconfigured resource waste
Dedicated CG resources are expected to be configured by gNB in order to be ready for use when PDCP duplication is activated. With current technology, the gNB configures CG type-1 resources or configures and activates CG type-2 resources for duplication, even though they will not be used outside Survival Time as shown in Figure 2. Since gNB can identify the CG resources out of Survival Time, it can allocate overlapping resources to other UEs (CG type-2 or dynamic grant). Upon the ST-UE entering Survival Time, gNB deactivates (PDCCH command) the overlapping CG type-2 configured for another UE (or refrain from scheduling an overlapping dynamic grant) and the ST-UE can use them. This mechanism results in no resource wastage. 


Figure 2: CG resources configured to potential duplication
The issue is to make sure that ST-UE will not use such CGs outside Survival Time. And it was argued that two cases could occur [5]:
· UE may use the CG resource for sending UCI.
· Possible solutions: since UCI multiplexing on PUSCH is due to the need to carry either DL HARQ-ACK and/or aperiodic CSI, a corresponding solution could be that it is left to NW to avoid that any such UCI is triggered during such CG resources. Alternately, it could be captured in the specification that such CG resources for duplication cannot carry UCI outside Survival Time.
· UE may use the CG resource for sending MAC CE.
· The corresponding solution could be to capture in the specification that UE is not allowed to send any MAC CE in such CG resources for duplication outside Survival Time.
Above solutions can be categorized as Option 1:
Option 1:
· gNB configures and activates dedicated CG resources in the CCs associated with the secondary RLC entities;
· LCP restrictions are configured so that only each secondary LCH can use each CG configuration in the corresponding CC;
· MAC is not allowed to multiplex any MAC CE in such CG outside Survival Time;
· PHY is not allowed to multiplex any UCI in a PUSCH transmission using such CG outside Survival Time.
The pros and cons of option 1 are as below.
· Pros: minimal specification impact.
· Cons: last two bullets bring not so nice restrictions.
Another, cleaner, option can be that the preconfigured CG resources are deactivated outside Survival Time, and implicitly activated when entering Survival Time:
Option 2:
· gNB configures dedicated CG resources in the CCs associated with the secondary RLC entities, and they are initialized as “deactivated”. The configuration includes resource information, as for CG type-1.
· LCP restrictions are configured so that only each secondary LCH can use each CG configuration in the corresponding CC. Thus there is no need to add an explicit RRC parameter linking the CG and the RLC entity.
· Upon entering Survival Time, UE activates the secondary RLC entity(ies) and activates the associated CGs.
The pros and cons of option 2 are as below.
· Pros: nice and clean solution, addresses all issues of resource wastage. Can be generalized to any duplication activation scenario (not specific to a Survival Time DRB), thus “grouping” the Duplication activation MAC CE and the CG type-2 activation into one single command. 
· Cons: introduce a variant of CG type-1, in which the initial state of CG type-1 is “deactivated”.
Proposal 1: Dedicated CG resources can be configured to ST-UE for the duplication paths where the initial state of CG type-1 is set to “deactivated” and UE activates it autonomously when activating duplication for the associated RLC entity.
PDCP configuration control under tight L1 real time requirement
It is argued in [1] that the time to activate PDCP duplication can be too short and, considering the preprocessing mechanism allowed since R15 for generating PDCP SDUs, the PDCP duplication may actually be activated after the PDCP SDU of the next packet has been generated.
· Time to activate PDCP duplication
The timeline of the HARQ-NACK solution is illustrated in Figure 1 for the worst-case scenario of 500µs periodicity. Latency values are the shortest possible R16 RAN1 latencies assuming extreme configurations (PDCCH and PUSCH configured every 2 symbols, etc) and PDSCH/PUSCH processing capability #2, and for the 60kHz numerology [8][9]. Computation details are provided in the Annex.


[bookmark: _Ref83111755]Figure 1: HARQ-NACK based duplication activation: timeline 
Comparing timelines (5) and (6), (5) is for decoding the dynamic Re-Tx grant and preparing the associated PUSCH retransmission on the dynamic grant, while (6) is for decoding the HARQ-NACK, activating the duplication and preparing the PUSCH for the next CG. And as can be observed, (6) is 1.8 times larger than (5), although the only additional processing is the duplication activation. Thus, based on these numbers, it can be assessed that the HARQ-NACK solution provides enough time to activate duplication before the next CG opportunity.

Observation 2: The HARQ-NACK solution provides enough time to activate duplication before the next CG opportunity.
· Preprocessing
Preprocessing is an implementation technique allowed since R15, primarily introduced to cope with the extreme data rates of NR. It allows UE producing PDCP and RLC SDUs in advance, even before receiving an associated UL grant, thus facilitating UE implementation. Therefore, it is argued in [1] that the PDCP PDU of packet # (n+1) may have already been generated when PDCP duplication is activated, triggered by HARQ-NACK reception for packet # n, thus resulting in PDCP duplication practically starting on packet # (n+2) instead of # (n+1), which defeats the purpose of Survival Time. However, for the URLLC traffic we agreed to focus on, each packet is quite small (≤ 50 bytes) hence is not expected to bring heavy load (e.g. ciphering) on PDCP. Moreover, if preprocessing is an attractive technique for eMBB traffic, on the contrary it is not appropriate to URLLC traffic for which the UE is expected to wait for the last minute before the transmission opportunity to cope with late data arrival, thus minimizing the e2e latency. More specifically, as shown in Figure 3, the TSN application is expected to deliver the packets to the UE modem at deterministic and periodic times, with the requirement that e2e latency < transfer interval, meaning that each packet must have been transmitted before the next packet arrives. Therefore, in order to secure the e2e latency, the CGOs carrying the packets should not be configured too far away from the expected reception time at the UE modem interface, meaning too early PDCP preprocessing is impractical. One could further argue that, another cause resulting in the above issue could be that the gNB latency in sending back the HARQ-NACK is too loose to be received before UE PDCP has processed packet # (n+1), as illustrated in Figure 3. However, this would contradict the round-trip time assumption from Figure 1 resulting from RAN1 timelines, where, from the time the HARQ-NACK is received, the remaining time for decoding the HARQ-NACK, activating the duplication and preparing the PUSCH for the next CG is 1.8 times larger than the necessary time, according (again) to RAN1 timelines. Therefore, this would reflect a wrong gNB implementation for this usecase.
Observation 3: Pre-processing and loose gNB response time are not expected to apply to the URLLC traffic RAN2 agreed to focus on for designing the ST solution, hence have no impact on the feasibility of the HARQ-NACK solution.



[bookmark: _Ref83194354]Figure 3: UE processing of most stringent URLLC traffic of Table 5.1-1 of 38.104
Testability
It is argued that there are currently no processing delay requirements on PDCP meaning the "solution" will not be testable and might work only based on UE implementation. This argument would then also apply to the even more critical requirements of the e2e and Communication Service Availability (CSA).
Observation 4: Testability is a general challenge for the critical requirements of E2E and CSA, not for the HARQ-NACK solution specifically.
Details of HARQ-NACK based duplication activation
We identify below the leftover details to complete the HARQ-NACK solution design:
Issue #1: Who configures, and how, Survival Time support?
Issue #2: How UE selects and activates the secondary RLC(s) for Survival Time?
Issue #3: Resources for autonomous duplication
Issue #4: Trigger of Survival Time operation
Issue #5: Cancel Survival Time operation
[bookmark: OLE_LINK3]Issue #1: Who configures, and how, Survival Time support?
Some companies [6][7] mentioned that Survival Time information is provided to UE via NAS signalling. But given gNB must be aware of it anyways, the simplest approach is that gNB configures Survival Time operation by RRC.
[bookmark: _Ref78635881][bookmark: _Ref78635936]Proposal 2: Survival Time operation is RRC-configured.
Upon entering Survival Time, UE triggers duplication. Since duplication is at DRB level, it then makes sense that Survival Time is configured at DRB level (in PDCP-Config). A new parameter survivalTimeSupport can be added in PDCP-Config to indicate whether to support Survival Time and related operations. Meanwhile, to perform HARQ-NACK based implicit duplication activation, a DRB configured with survivalTimeSupport must also be configured with PDCP duplication via either moreThanOneRLC or moreThanTwoRLC-DRB, and the associated RLC entities.
[bookmark: _Ref78635941]Proposal 3: Survival Time support is configured at DRB level, and a new parameter survivalTimeSupport can be added in PDCP-Config along with PDCP duplication configuration.
Issue #2: How UE selects and activates the secondary RLC(s) for Survival Time?
Rel-16 and Rel-17 have two sets of configurations for secondary RLC(s): moreThanOneRLC and moreThanTwoRLC-DRB. 
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Case 1: UE is configured with moreThanOneRLC
In case 1, the single secondary RLC entity can be activated when PDCP duplication is activated. There is no ambiguity.
· Case 2: UE is configured with moreThanTwoRLC-DRB
In case 2, there are three options for secondary RLC entities selection.
- Option 1: UE activates all configured RLC entities upon entering Survival Time
The pros and cons of option 1 are as below.
· Pros: the simplest approach.
· Cons: somehow inflexible.
- Option 2: gNB explicitly configures the RLC entities to be activated upon entering Survival Time via a new parameter, such as survivalTimeDuplicationState.
The pros and cons of option 2 are as below.
· Pros: still rather simple.
· Cons: slightly more flexible than option 1 but not reasonable: given Survival Time is the most critical time a DRB can experience, why would NW configure a DRB with N legs for duplication, but would only use a subset of those during Survival Time? In other words, in which (even more severe) case would NW activate the remaining legs?
Option 1 does the job in a simple manner and the additional flexibility of Option 2 is not justified. So option 1 is preferred.
[bookmark: _Ref78635944]Proposal 4: Upon entering Survival Time for a DRB, the UE activates duplication for all associated RLC entities.
Issue #3: Resources for autonomous duplication
See Section 2.1.2.
Issue #4: Trigger of Survival Time operation
After the wise agreement #1 from last meeting (Section 1), it is clear that the HARQ-NACK solution will not involve RAN1 in designing a specific HARQ-NACK signal/channel/indication for that and so, at least for this release, we think we should remain with the simple solution that Survival Time is triggered in the UE by receiving a dynamic grant for a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.
[bookmark: _Ref78635964]Proposal 5: Survival Time is triggered in the UE by receiving a dynamic grant for a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.
Issue #5: Cancel Survival Time operation
After entering Survival Time state, UE needs to decide when and how to cancel the Survival Time operation, that is, how to deactivate the PDCP duplication.
Three options could be considered:
Option 1: based on timer or number of consecutive success packets (configured by gNB).
Option 2: after one packet is transmitted successfully.	.
Option 3: gNB simply deactivates the duplication via MAC CE. Simple and straightforward. No need for any timer or packet counting.
Unlike for triggering Survival Time, there is no hard latency requirement for exiting it. Therefore, we think that Option 3, which is simple and direct, is sufficient.
[bookmark: _Ref78635978]Proposal 6: gNB decides when to exit Survival Time and deactivates duplication via MAC CE accordingly.
UE behaviour in Survival Time
Based on the details in section 2.2, this section wholly describes UE behaviour in Survival Time. Once a DRB is configured with survivalTimeSupport, the MAC has two possible behaviours:
1) The DRB is configured with moreThanOneRLC
The MAC behaviour consists in triggering PDCP duplication activation for this DRB if it receives a dynamic grant for a retransmission of a MAC PDU carrying the primary LCH associated with this DRB, and PDCP duplication is not already activated:


Figure 5: Survival Time handling for a DRB configured with moreThanOneRLC 
 2) The DRB is configured with moreThanTwoRLC-DRB
The MAC behaviour consists in activating PDCP duplication for all remaining configured RLC entities for this DRB if it receives dynamic grants for retransmissions of all MAC PDUs carrying the primary and all activated secondary LCHs associated with this DRB:


Figure 6: Survival Time handling for a DRB configured with moreThanTwoRLC-DRB 

[bookmark: _Ref79078605]Proposal 7: Survival Time is triggered in the UE for a DRB configured to support Survival Time and configured with more than 2 legs duplication configuration (R16 duplication) by receiving, for each logical channel with PDCP duplication activated associated with this DRB, a dynamic grant for a retransmission of the last MAC PDU carrying that logical channel. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we reached below observations and proposals.
Observation 1: The L1 NACK reliability does not prevent the HARQ-NACK solution from meeting the SA1 requirements for Survival Time.
Observation 2: The HARQ-NACK solution provides enough time to activate duplication before the next CG opportunity.
Observation 3: Pre-processing and loose gNB response time are not expected to apply to the URLLC traffic RAN2 agreed to focus on for designing the ST solution, hence have no impact on the feasibility of the HARQ-NACK solution.
Observation 4: Testability is a general challenge for the critical requirements of E2E and CSA, not for the HARQ-NACK solution specifically.


Proposal 1: Dedicated CG resources can be configured to ST-UE for the duplication paths where the initial state of CG type-1 is set to “deactivated” and UE activates it autonomously when activating duplication for the associated RLC entity.
Proposal 2: Survival Time operation is RRC-configured.
Proposal 3: Survival Time support is configured at DRB level, and a new parameter survivalTimeSupport can be added in PDCP-Config along with PDCP duplication configuration.
Proposal 4: Upon entering Survival Time for a DRB, the UE activates duplication for all associated RLC entities.
Proposal 5: Survival Time is triggered in the UE by receiving a dynamic grant for a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.
Proposal 6: gNB decides when to exit Survival Time and deactivates duplication via MAC CE accordingly.
Proposal 7: Survival Time is triggered in the UE for a DRB configured to support Survival Time and configured with more than 2 legs duplication configuration (R16 duplication) by receiving, for each logical channel with PDCP duplication activated associated with this DRB, a dynamic grant for a retransmission of the last MAC PDU carrying that logical channel. 
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Annex
The latency components shown in Figure 1 are detailed below and taken from RAN1 Rel-16 SI (most aggressive) evaluations [6][7]:
1) PUSCH duration
· Minimum 2 symbols
2) PUSCH-to-PDCCH processing time
· N1+X where
· N1 is UE PDSCH processing time as below
Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1


· X=1/2/4/8 symbols for SCS = 15/30/60/120KHz, respectively
3) PDCCH alignment delay
· 2 symbols: worst-case alignment delay with PDCCH monitoring in every 2 symbols.
4) PDCCH duration
· 1 symbol
5) PDCCH decoding +preparation of the PUSCH of the dynamic grant for retransmission or applying new CG type-2 configuration 
· N2/2, where N2 is UE PUSCH preparation time as below.
Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1
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