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1. Introduction
This is the summary of the following email discussion:
· [Post115-e][513][IIoT] QoS survival time (Huawei)

      Scope: Discuss the following issues:

•     Details about Survival Time State Triggering based on HARQ NACK (and exiting mechanism), for example (MAC Procedures, PDCP behaviour, RRC configuration, PDCP pre- configuration and what is configured.   Discuss any potential issues (e.g. with pre-allocation of radio resources – CG resource wastage and availability)

•     Discuss any other solutions that may still have good amount of support 

Intended outcome: agreeable baseline CR

     Deadline: Long 
	Company
	Name
	E-mail

	Huawei, HiSilicon
	Tao Cai
	tao.cai@huawei.com

	CATT
	Pierre Bertrand
	pierrebertrand@catt.cn

	Nokia
	Ping-Heng Wallace Kuo
	Ping-Heng.Kuo@nokia.com

	vivo
	Kimba Dit Adamou, Boubacar
	kimba@vivo.com


2. Overall description
The target of this email discussion is to design a workable Survival Time solution with details on triggering Survival Time state, the related behaviour inside Survival Time state and on exiting Survival Time state, also to figure out potential spec impacts on MAC, PDCP, RRC, etc.

In RAN2#115-e meeting, the following agreements for RAN enhancements based on QoS parameters have been made:

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.  
Based on these agreements, the instructions from session chair on the scope, and the recent discussions around “Rel-17 IIoT URLLC scope” in RAN#93-e, this email discussion will be focused on the Survival Time solution with HARQ-NACK based triggering, as well as on how other solutions could work with HARQ-NACK based triggering. 
The following aspects will be discussed and companies can provide their views on the questions/issues listed in Phase 1. In Phase 2, companies’ inputs are requested on the specification implementations (e.g. on the baseline CR).  

· On Survival Time state triggering: 

· How can the UE identify the corresponding DRB(s) that should enter the Survival Time state based on the HARQ process ID of the retransmission grant?

· What could be the value of N, fixed to “one” or to be configured by the network?
· How to provide in time the additional resources to be used during Survival Time state? Also how to prevent the additional resources to be wasted outside Survival Time state.
· How to ensure UE and gNB have the common understanding on what RLC entities (legs) will be activated following entry into Survival Time state? (assuming Rel-16 PDCP duplication activation is the baseline behaviour)

· The details on the interaction between MAC layer and PDCP layer, e.g., how MAC indicates PDCP layer to activate/deactivate PDCP duplication based on HARQ-NACK feedback.

· What number of legs to configure, also consider the case PDCP duplication is already activated.

· On how to exit Survival Time state.
An exemplary high-level framework for Survival Time state triggering based on HARQ-NACK is illustrated in the following Fig.1. 
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Fig.1 High-level framework for Survival Time (ST) state triggering based on HARQ-NACK

3. Phase 1

3.1 On retransmission grant as trigger for entering Survival Time state
According to the previous discussions, it is assumed that at least the retransmission grant can be taken as implicit HARQ-NACK. In order that the retransmission grant can be used to trigger Survival Time state, the mapping relation between the service with Survival Time requirements and the received retransmission grant needs to be clarified. 
In RAN2#113-e, we have agreed that “Only periodic traffic is considered for survival time work in Rel-17”. According to Rel-16 IIoT specifications, CG configuration(s) can be mapped to specific logical channel(s) to serve periodic deterministic traffic. When CG is used for data transmission from a DRB with Survival Time support, the UE can easily determine the corresponding DRB that should enter Survival Time state when receiving a retransmission grant for a CG. Besides, the network can also be aware of which DRB should enter Survival Time state, since the network clearly knows the transmission on the previous CG occasion fails to be decoded. 
Further, following the second agreement of last meeting, for a single TB, the UE and the gNB would have the common understanding which DRB should enter Survival Time state.
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) 

Q1: Would your company agree that 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?
	Company
	Agree/Disagree
	Comments

	CATT
	Agree
	This is indeed the most likely mapping for most stringent traffic types.

	Nokia
	Agree but…
	Since we are dealing with low-latency periodic traffics, it makes sense to serve these traffics on configured grant based on Rel-16 framework.

However, we are a bit concerned about the sentence in the question: “…the mapping relation between the service and the retransmission grant is commonly known to both gNB and UE…”

In our understanding this is not necessarily “commonly known”, but the UE has to be explicitly configured by the gNB to realize a mapping relationship between a DRB and a LCH, a CG configuration, or a HARQ PID. RAN2 should further discuss what MAC parameter should be linked to the DRB for this purpose.

	vivo
	Agree
	Based on TSCAI from AMF, RAN is able to allocate CG resources for IIOT service via mapping logical channel(s) for the service with Survival Time requirements to CG configuration(s). Thus, gNB and UE have a common understanding of the mapping relationship between service with Survival Time requirements and the CG resources. 

Even with multiple LCHs mapped to the same CG configuration, NW can always predict which services share certain CG resource given only periodic services are considered in Rel-17.
Therefore, for CG, it is fine to consider CG retransmission scheduling addressed by CS-RNTI as implicit NACK, which is used for triggering ST state.


Q2: Which option would your company support to specify (or not specify) the details on how UE identifies the corresponding DRB that should enter Survival Time state, according to the mapping relationship (as in Q1)?
Option 1: The details can be left to UE implementation.

Option 2: Specify the details in the spec, e.g. how the UE identifies the corresponding DRB according to the mapping relationship between CG configuration(s) and logical channel(s).

Option 3: Others. Please elaborate.
	Company
	Option
	Comments

	CATT
	2
	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. See also Q4.

	Nokia
	Option 2 with possibility of HARQ PID
	We do not think it can be left to UE implementation, as the UE does not know which DRB has survival time requirement. Note that TSCAI is provided to the gNB rather than the UE. 

Moreover, in addition to LCH and CG as mentioned in Option 2, we believe the mapping relationship could be built between the DRB and HARQ PID as well. For instance, the UE may check the HARQ PID of the retransmission grant to decide if a DRB should enter survival time state. 

	vivo
	Option 1
	MAC layer needs to record which LCHs are multiplexed in a certain MAC PDU. As a result, MAC can identify which DRB with ST requirements suffers transmission failure when retransmission grant is received. 

From our view, the behaviors are internal operations of UE, which can be left to UE implementation.

	
	
	


If DG is used for a DRB with Survival Time support, the network may have no prior knowledge that packets from which specific logical channel(s) will be multiplexed into the MAC PDU generated for the DG. Even though several LCP restrictions are defined in spec, it is still difficult for the network to allocate a dynamic grant to serve only one specific logical channel. There is a risk that the UE and the gNB have different understanding which DRB will enter Survival Time state when receiving a retransmission grant. A confirmation could be done on this case for the following specification work.
Q3: Would your company agree not to consider DG is used for DRB with Survival Time support and retransmission grant for DG (addressed by C-RNTI) is not considered as Survival Time state trigger in Rel-17?
	Company
	Agree/Disagree
	Comments

	CATT
	Disagree
	Although we agree that the most common case is for CGs, we don’t see the need to bring a restriction on DGs. In some scenarios DGs could be used on top of CG to address e.g. packet jitter and the UE may serve only few (e.g. 2) LCHs so that there would be no ambiguity regarding which LCH was carried in the failed DG (e.g. using maxPUSCH-Duration and/or allowedPHY-PriorityIndex).

	Nokia
	Disagree
	In the end how the data is conveyed may be up to implementation, so we do not think it is necessary to have such restrictions.

	vivo
	Agree
	We agree with the rapporteur that gNB has no way to restrict which LCH(s) can be mapped to a DG, hence UE and the gNB may have different understanding on which DRB should enter Survival Time state when receiving a retransmission grant. 

To avoid such confusion and complexity, we can focus on the cases where CG is used for DRB with Survival Time in Rel-17.  


In order to distinguish which DRB(s) is with Survival Time support, it is thought that one parameter can be configured for a DRB to indicate its requirement for Survival Time support by RRC, as also suggested in [5][6].
Q4: Would your company agree that a RRC parameter is configured for a DRB with Survival Time support?
	Company
	Agree/Disagree
	Comments

	CATT
	Agree
	Survival Time support is configured at DRB level, and a new parameter survivalTimeSupport can be added in PDCP-Config along with PDCP duplication configuration.

	Nokia
	Agree
	Based on RAN2’ agreement:

· 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.  

We believe at least in the pdcp-Config of the DRB some configuration parameters are needed, so the UE knows how it should behave for this DRB when it is in or out of the survival time state. We think whether this DRB has survival time requirement can be implied via the presence of this “state-dependent adaptive behaviour” parameter, so if this parameter is absent then it basically means the DRB has no survival time requirement. Any other “explicit” configuration is probably not needed.

	vivo
	Agree
	We agree that a new RRC parameter should be introduced to configure the Survival Time requirement for a DRB. 

In addition, it was specified in TS23.501 that when Survival Time information is provided for a TSN stream, then it should not be aggregated with other TSN streams into a single QoS flow, or if they are aggregated, then the Survival Time parameter shall not be provided. Follow the same light, we think that RAN should restrict that only one QoS flow can be mapped into the DRB with Survival Time requirement configured.


In [2], it was discussed whether the triggering condition for entering Survival Time state shall be configurable number N(≥1) of consecutive HARQ-NACKs. Compared with simply fixing N=1 in spec, configurable N (≥1) would bring more spec impacts while would be able to prevent “too early” entering into Survival Time state in certain scenarios. With configurable N (≥1), the UE may need to use a counter to count the consecutive transmission failures. It will further involve the initialization, counting, resetting of the counter. Besides, further discussion is needed on where the counter is maintained, e.g. in HARQ entity, in MAC entity, in RLC entity, or in PDCP entity. 

Q5: Which option would your company support for N HARQ-NACKs as Survival Time state trigger?

Option 1: fix N=1.
Option 2: N is configurable and can be 1 or larger than 1. 
	Company
	Option
	Comments

	CATT
	Option 1, but see comment
	For a DRB configured with moreThanOneRLC:
Survival Time is triggered in the UE by receiving one dynamic grant for a retransmission of a MAC PDU carrying an LCH associated with a DRB configured to support Survival Time.

For a DRB configured with moreThanTwoRLC-DRB:

Survival Time is triggered in the UE by receiving, for each logical channel with PDCP duplication activated associated with this DRB, one dynamic grant for a retransmission of the last MAC PDU carrying that logical channel.

This latter behaviour in case PDCP duplication is already activated for a subset of RLC entities could be interpreted as Option 2. 

	Nokia
	Option 1
	In our understanding, regardless of what survival time requirement is, N=1 is able to solve all problematic scenarios. Even the UE may enter the survival time state too early, it is much better to be safe than sorry in critical applications in IIoT/TSC use cases.
Option 2 requires the UE to implement a counter, which adds complexity. Furthermore, Option 1 is less sensitive to situations where the UE erroneously decode the PDCCH.

	vivo
	Option 2
	For some use cases (e.g. transfer interval = survival time = 2ms), force UE to enter ST state after only 1 retransmission grant is received will cause unnecessary PDCP duplication activation and resource waste.

Thus, the N should be configurable.


Q6: In case RAN2 agrees to Option 2 as above, which entity shall handle the counting of N? Please comment on any detail needs to be considered to make each option work properly.
Option 1: MAC entity

Option 2: PDCP entity
Option 3: Others, e.g. RLC entity 
	Company
	Option
	Comments

	CATT
	1
	For the case of a DRB configured with moreThanTwoRLC-DRB, the counting of HARQ-NACKs over the logical channels with PDCP duplication activated should be done in MAC.

	Nokia
	1
	HARQ is a MAC/PHY mechanism, certainly it is the most straightforward solution for MAC to do the counting of NACK it has received.

	vivo
	Option 2
	For service with stringent Survival Time requirements, PDCP duplication may be activated even before entering the ST state, assuming PDCP duplication with more legs will be activated after UE entering ST state.

In this case, before entering ST state, UE has to monitor retransmission grant for all the activated legs to perform counting of N. 
If the counting is performed under PDCP, the interaction between different legs may be needed, which should be avoided. Thus, it is more suitable to handle the counting of N at PDCP entity.


3.2 On receiving N HARQ-NACKs
In Rel-16 MAC spec, when Duplication Activation/Deactivation MAC CE or Duplication RLC Activation/Deactivation MAC CE is received, the MAC will indicate the activation/deactivation information for a DRB or RLC entity(s) to the PDCP. Similarly for Survival Time solution, if the lower layer entity identifies that one DRB is to enter Survival Time state, the interaction between lower layer and PDCP layer is necessary in order to aid the PDCP adapt legs for robust transmission. It is assumed such interaction in Rel-17 would be similar as that in Rel-16, the following question is for confirmation. 
Q7: Would your company agree to specify the interaction between lower layer (i.e. MAC layer) and PDCP layer for Survival Time state triggering? 

	Company
	Agree/Disagree
	Comments

	CATT
	Agree but
	We do not see any impact to R16 PDCP specification

	Nokia
	Not sure
	Cross-layer interaction is definitely needed, but not sure if specification is needed for the time being. We can discuss it when RAN2 is working on Stage-3 details.

	vivo
	Agree
	MAC shall provide NACK information to assist PDCP layer to perform the counting of N. 


We have agreed that PDCP duplication activation is used for Survival Time state, obviously a DRB configured with Survival Time support should be configured with PDCP duplication. 
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.  
Further, according to Rel-16 specs, if PDCP duplication is configured for the DRB, the network can configure the initial duplication state for the DRB, e.g. through the PDCP-duplication parameter in moreThanOneRLC IE if only two legs are configured, or through the duplicationState parameter in moreThanTwoRLC-DRB IE if more than two legs are configured. It is understandable that the behaviour, following entry into the Survival Time state, shall also be specified when the initial duplication state is set as “true”, i.e., the PDCP duplication state is already activated for the associated RLC entity. In any case, the network and the UE shall have the common understanding about the duplication state adopted for the DRB in Survival Time state. As commented by some companies [2], for the DRB entering Survival Time state, it is reasonable to activate all legs to guarantee the robustness of next transmission. Some companies however think other options can be adopted, for example, the network can explicitly indicate PDCP duplication state when the DRB enters Survival Time state [15]. It is rapporteur’s understanding that the below Option 2 is a generic solution while the implementation of Option 1 (Survival Time state duplication state could be fixed in the spec) would be simpler. 
Q8: Which option would your company support on the duplication state adopted in Survival Time state for a DRB?

Option 1: Activate all configured legs, following entry into Survival Time state. 

Option 2: Network indicates by RRC, e.g. a bitmap, the PDCP duplication state that the UE should apply upon entry of Survival Time state, the UE changes the duplication state accordingly.
Option 3: Others. Please elaborate. 

	Company
	Option
	Comments

	CATT
	1
	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? We don’t see a valid justification for the added flexibility (and complexity) of option 2.

	Nokia
	2
	We do not see a valid justification to limit gNB flexibility like in Option 1. We would like to point out that, from a gNB vendor point of view, configuring N>2 RLC entities for a DRB does NOT mean that the gNB wants the UE to use all of these N RLC entities for duplication in the most critical situation. The gNB may simply decide to configure additional RLC entities for higher flexibility in terms of resource allocation. Besides, if we allow the UE to activate all RLC entities, then it basically mean the gNB has to provision resources for all these legs – which is extremely wasteful if this is not needed.
Option 2 basically covers all possibilities including Option 1, so it provides the best implementation flexibility for the gNB to decide what the UE should do when a DRB enters the survival time state. This is a win-win situation for all companies with different reliability boosting mechanisms in mind.
It is worth noting that, it should be up the gNB to decide the way to improve the reliability of the associated radio link, and “increasing the number of copies” is NOT the only possible way to boost the reliability. In fact, activating more RLC entities may lead to potential performance degradation instead due to power limitation of the UE. 

In many cases, the gNB may not want to the UE to increase the number of copies even if survival time state is triggered, e.g.

· The gNB does not want the UE to generate more interference (e.g. cross-link interference) toward other gNB/UEs.

· The gNB wants to utilize some radio resource for other UEs or traffics by deactivating some of the legs while the UE is in survival time state.

· The gNB think the desirable reliability can be achieved simply by switching the leg (e.g. from FR2 to FR1)
· The gNB think the desirable reliability can be achieved simply by switching the associated CG configuration (e.g. from LCH1 to LCH2, where LCH1 and LCH2 have different LCH mapping restrictions)

All in all, since the gNB has knowledge about the UE and the overall network status, this is should be up to gNB implementation to decide what UE should do in survival time state. Option 1 essentially eliminates gNB’s flexibility in such context, which should not be considered.

	vivo
	Option 1
	When entering the ST state, UE should do its best to improve the reliability of the subsequent packets. The most straightforward way is to activate all configured legs for duplication transmission.


The following question is to confirm that for the DRB with Survival Time support, whether or not the network is allowed to control the duplication state for the DRB via legacy activation/deactivation MAC CE.
Q9: For the DRB configured with Survival Time support, would your company agree that the network can still control the duplication state for the DRB via legacy activation/deactivation MAC CE (Please note this question is also relevant to “using legacy activation/deactivation MAC CE to exit Survival Time state”)? 

	Company
	Agree/Disagree
	Comments

	CATT
	Agree
	Specifically to exit Survival Time state.

	Nokia
	Agree
	The gNB should be able to change the duplication state by using the legacy MAC CE in any case. If really there is any problem, the gNB can simply refrain from sending such MAC CE by implementation.

	vivo
	Agree
	A UE in ST state needs to exit ST state after packets are delivered successfully to improve the resource efficiency. In our view, a natural way to exit ST state is that NW deactivates one or more duplication legs via legacy A/D MAC CE.
Following the same light, we see no reason to prevent the NW from activating duplication via legacy A/D MAC CE.  
If DRB with ST support is configured with two legs, R15 A/D MAC CE should be used. If DRB with ST support is configured with more than two legs, R16 A/D MAC CE should be used. We think there is no spec impact.


If the network can still control the duplication state for a DRB configured with Survival Time support, e.g. via MAC CE, besides the “Survival Time state duplication state” indication, it is possible that more legs have already been activated when the DRB enters Survival Time state. The following question is to confirm the UE behaviour, if the UE is asked to deactivate duplication of some legs after entering Survival Time state for the DRB. It is rapporteur’s understanding that it is important to avoid misunderstanding between the network and the UE on the UE behaviour after entering Survival Time state. 
Q10: Following entry into the Survival Time state, if more legs have already been activated than what are indicated by the “to be adopted duplication state in Survival Time state” for the DRB, which option would your company support on the intended UE behaviour?  

Option 1: Follow the network indicated duplication state which shall be adopted in Survival Time state for the DRB.

Option 2: Keep the current duplication activation state for the DRB.

Option 3: Others. Please elaborate.
	Company
	Option
	Comments

	CATT
	None
	Per our answer to Q8, we disagree that Survival Time trigger can result in less activated legs than what NW has already activated. It could be that NW has already activated, e.g. via MAC CE, duplication for all legs. In such case, triggering Survival Time has no impact on the duplication configuration of that DRB.

	Nokia
	1
	Basically we think this is a corner case, because the gNB would simply avoid such situation by implementation. For instance, the NW could simply not to send reTX grant to trigger survival time state in such cases (if this is really a problem).

	vivo
	Option 3: this issue may not exit
	This issue does not exist if all the configured legs are activated for duplication transmission when entering the ST state. Please see our answer to Q8.


During the online discussion of RAN2#115-e meeting, some companies raised the issue “packets already sent to RLC” when discussing the activation of pre-configured PDCP duplication configuration: 
	IV.
Following entry into the Survival Time state, the pre-configured PDCP duplication configuration is activated. (16/18)
-
Sequans points out that there may be packets already sent to RLC and we need to deal with duplication in that case.  Vivo, Apple and LG agrees.


This issue has been discussed also in [2]. When the transmission of first packet (packet A) fails, if the next packet (packet B) arrives before receiving HARQ-NACK, the UE may already process the packet B and delivered to RLC. The PDCP duplication is thus activated “to no avail”, for the transmission of packet B. If the transmission of packet B fails, it already violates Survival Time requirements. This issue is related with the timing of HARQ-NACK sent by the gNB. Some companies questioned the uncertainty on the arrival of HARQ-NACK, as it’s related to gNB scheduling, it may arrive later than the allowed range of survival time. Rapporteur understands that these timeline issues could be complicated, yet any sensible network deployment should ensure that, when serving a QoS flow with Survival Time support, the scheduling of HARQ-NACK signalling should be set to meet the stringent timing requirement. On the UE side, when it is serving the periodic traffic and also is expecting a possible HARQ-NACK, UE might need to avoid “too early” processing of packets.
Q11: Which option would your company support, regarding the abovementioned timeline issues with UE packet processing and HARQ-NACK scheduling?

Option 1: Not to specify extra behaviour, it is up to gNB/UE implementation to handle.
Option 2: Specify UE behaviour to handle the case that it receives HARQ-NACK for which the packet has already been sent to RLC. Please provide the details. 

Option 3: Others. Please elaborate.

	Company
	Option
	Comments

	CATT
	1
	· Time to activate PDCP duplication:
The timeline of the HARQ-NACK solution is illustrated below 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:
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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.

· 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. 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, 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.

Furthermore, as commented by the Rapporteur, another cause resulting in the issue discussed here 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). However, this would contradict the round-trip time assumption from above figure, 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 to RAN1 timelines. Therefore, this would reflect a wrong gNB implementation for this usecase.

	Nokia
	1
	This issue is the main reason why we think reactive method can be difficult in practice, and we think proactive method is much easier because HARQ timing is not easy to track and fulfil in some cases. But since most companies believe it can work, we think there is no need to further complicate the specification.

	vivo
	Option 2
	There is always a small gap between the packet arrival time and the CG occasion, to ensure the UE has time to process the received packet for transmission.  In some cases, a longer gap is needed for the UE servings several DRBs with ST requirements, to handle the case more than one packets arrived at the same time and ensure the last packet treated can be mapped on the corresponding CG.  
As the ST packet is quite small (≤ 50 bytes) , the processing of the packet will be very fast. Hence, even the ST packets arrivals every close before the CG, there is a risk that the ST packet is pre-processed before the retransmisison grant is received. 
In the current specification, PDCP always performs pre-processing at the reception of a PDCP SDU from upper layers. Thus, it is very likely the abovementioned timeline issue happens and UE fails to meet the ST requirements. We suggest RAN2 to discuss how to handle it.


There are some observations/proposals [11] discussing the possible impact of handover process on the Survival Time mechanism. Rapporteur suggests that we design the Rel-17 Survival Time solution in a “minimum but working” manner and avoid involving further complexity, the following question is thus for confirmation.  
Q12: Would your company agree that RAN2 not to consider the interaction between Survival Time solution and handover procedure in Rel-17?
	Company
	Agree/Disagree
	Comments

	CATT
	Agree
	The service area of the usecases we agreed to focus on are 50 m x 10 m x 10 m. We don't see any need to address HO-related issues.

	Nokia
	Not sure
	We think it depends on RAN3. Because in our understanding, if we want to address survival time issue with mobility considerations, then at least RAN3 needs to confirm that survival time related information can be exchanged between serving and target gNBs.

	vivo
	Agree
	In RAN2#114, RAN2 has agreed to focus on the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms). For these three use cases, the handover interruption time is much longer than the ST requirement. Although DAPS has been specified to provide 0 handover interruption, DAPS can not be configured with PDCP duplication, i.e. the current ST solution cannot work with DAPS. With this in mind, it is our view that there is no way to guarantee the ST requirement during handover.
Hence, we also suggest not to consider the interaction between ST solution and handover procedure in Rel-17.


3.3  On gNB to guarantee the needed resources

It has been discussed [2] that it shall be guaranteed the radio resources are available for the legs activated, following entry into the Survival Time state, meanwhile the “pre-configured” resources shall not be wasted outside Survival Time state. Assuming the network and the UE have the common understanding that a DRB is inside or outside the Survival Time state, it could be gNB scheduling/network implementation to pre-configure the needed resources for the to-be-activated legs. If the resources can be used only after the configured legs are activated, the resources can be used elsewhere (e.g. by other UEs) when the configured legs are not activated.  When the configured legs are activated, the network should deactivate the usage of these resources for other UEs. The relevant solutions are proposed also in [5][21], the difference between solutions could be on how to (or whether) specify certain details. 
Q13: Which option would your company support, to provide radio resources for the activated legs following entry into the Survival Time state?
Option 1: The resource pre-allocation and (de)activation are up to network implementation, including enabling the resource usage for UE entering Survival Time state, and disabling the resource usage for other UEs. 

Option 2: To specify that CG resources are pre-configured and their activation are conditional on entering Survival Time state. 
Option 3: Other solutions. Please provide the details.

	Company
	Option
	Comments

	CATT
	2
	Dedicated CG resources can be configured to ST-UE for the duplication paths and

-
Specification restricts the ST-UE from using the CG out of Survival Time, or

-
The initial state of CG type-1 is set to “deactivated” and UE activates it autonomously when activating duplication for the associated RLC entity.
We would prefer the latter option as it is cleaner and could also 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. This would also allow implicitly activating multiple CG configurations associated (via LCP restriction e.g. associated LCH or carrier) with the RLC entity that has been duplication-activated.

	Nokia
	2 (and possibly Option 3)
	We think Option 2 makes some sense, but we should also consider the behaviour where the gNB subsequently deactivates the corresponding duplication leg using Rel-16 MAC CE – in this case the associated CG should be deactivated upon reception of this MAC CE, in order to avoid resource wastage when the DRB exits the survival time state. 

On the other hand, we are also concerned about the situation where the message cannot be completely transmitted within survival time interval as short as 0.5ms due to MAC CE allocation in the same PUSCH during LCP. We think RAN2 may further discuss how to avoid this issue (e.g. MAC CE on the resource for survival time support should be limited to make sure the message can be completely transmitted).

	vivo
	Option 1
	We share the same understanding with the rapporteur that the network and the UE have a common understanding of whether a DRB is in the Survival Time state or not. With this assumption, we think the activation/deactivation of pre-configured CG resources can be left to network implementation.

For activated pre-configured CG resources configured to UE A for duplication, if the corresponding DRB of UE A is not in ST state,  the network can reallocate the radio resource of the CG to other UEs since no data from UE A is expected to send on the CG resources(assuming no other LCHs are mapped to the pre-configured CG resources). On the other hand, when the corresponding DRB of UE A enters ST state, the network will stop the radio resource reallocation and UE A will start to use the CG resources for duplication.

The above operation on activation/deactivation of pre-configured CG resources requires no enhancement of specification. 


3.4  On alternative Survival Time state trigger
Besides retransmission grant, CG activation command as Survival Time state triggering is proposed as alternative Survival Time state trigger. When a CG configuration being mapped to a logical channel belonging to a DRB with Survival Time support is activated via DCI, the DRB shall enter Survival Time state and activate backup legs for duplication transmission. For the past several meetings, pros and cons on this trigger are thoroughly discussed and compared against the retransmission grant. 

Q14: Which option would your company agree to, on using CG activation command as a trigger for entering Survival Time state?
Option 1: Using CG activation command as Survival Time state trigger, instead of retransmission grant. 

Option 2: Using CG activation command as Survival Time state trigger, together with retransmission grant.
Option 3: Not to use CG activation command as Survival Time state trigger. 
	Company
	Option
	Comments

	CATT
	3
	The CG activation grant method requires sending such activation grant for each CG configured to serve the RLC entity, while the HARQ-NACK solution requires only one HARQ-NACK signal per RLC entity.

Moreover, each such CG type 2 activation cmd will trigger a configured uplink grant confirmation, including a Multiple Entry Configured Grant Confirmation MAC CE. Such MAC CE will be multiplexed with the duplicated data in the next CG transmission, thus uselessly enlarging the payload. It is answered in [16] that the CG type 2 activation cmd would be modified in the specifications to not trigger a configured grant confirmation when used in this usecase.
We actually prefer the similar implicit activation mechanism we describe in Q13 because we think it is also more logical that duplication activation triggers associated CG configuration(s) activation rather than the other way around, for example, a CC can be configured to be served by two CG configurations, and activating the duplication in that CC can implicitly activate both CGs. In [16] it is questioned why the network would configure one CC to be served by two configured grants. We believe we should not restrict implementations and such multi-CG allocation can be e.g. staggered CG configurations to optimize the latency wrt packet arrival jitter or periodicities not exactly addressed by current spec.
It also makes more sense, time-line-wise, that Duplication activation triggers CG activation rather than the other way around because duplication activation at PDCP is more urgent (occurs first in the processing sequence) than the CG activation.  

	Nokia
	1 or 3 (see comments)
	We have some sympathy to Option 1, but considering the time availability in Rel-17, we think Option 3 may be a more suitable way forward to make sure this WI can complete on time.

	vivo
	Option 3
	Option1 brings some restrictions, e.g. cannot be applied to Type 1 CG. 
Option2 needs to specify two solutions for Survival Time state trigger, we see no big benefit to justify the redundancy functions.

We prefer a more flexible solution, i.e. only using retransmission grant as Survival Time state trigger.


Besides, during the email discussion [2], some companies also support autonomous activation of PDCP duplication on the part of UE. However it is not clear how UE can autonomously activate PDCP duplication based on inputs other than retransmission grant or CG activation grant, i.e., it is not clear how “UE autonomous activation of PDCP duplication” can be a standalone option without any element of retransmission grant option and CG activation grant option.  Further it is not clear how the network can be aware of Survival Time state triggering for a DRB and enable the resource usage for activated legs meanwhile disable the resource usage by other UEs timely. Based on recent RAN2/RAN discussion, rapporteur considers that it might be good to deprioritize this option. 
Q15: Would your company agree to deprioritize autonomous activation of PDCP duplication on the part of UE in Rel-17?
	Company
	Agree/Disagree
	Comments

	CATT
	Agree the intention but…
	We think the HARQ-NACK solution discussed above could be viewed as an autonomous activation since UE does not receive an explicit activation command. Similar, for example, to UE autonomous transmission of a deprioritized CG in another CG. So we agree the question re-formulated as in above Rapporteur’s text: deprioritize autonomous activation of PDCP duplication based on inputs other than retransmission grant or CG activation grant.

	Nokia
	Agree
	We think much more discussion is needed to figure out how it could work. Considering that we are approaching the end of Rel-17, we agree with the rapporteur that this should be de-prioritized.

	vivo
	See comments
	It is not clear to us what is the exact meaning of the autonomous activation of PDCP duplication. Does UE need any information from NW to decide when to activate PDCP duplication?


3.5 On exiting Survival Time state

The issue on “how to exit the Survival Time state” has been discussed in [2]. There is a majority of support to leave the exiting behaviour to network control, yet there are also some support to define UE autonomous exiting method based on e.g. timer or counter. Considering Survival Time state is low probability event, how to trigger the exiting wouldn’t become a time critical or resource critical issue. The network can control the exiting by deactivate PDCP duplication or reduce the number of activated legs through legacy MAC CE. 
Q16: Which option would your company support on exiting the Survival Time state?

Option 1: It is up to network control and not to consider further optimization. (Please note this option is relevant to the discussion for Q9.)
Option 2: To specify UE’s behaviour for autonomous exiting, e.g. via a timer-based method or a counter-based method. Please provide the details.

Option 3: Other solutions. Please provide the details.

	Company
	Option
	Comments

	CATT
	1
	Unlike for triggering Survival Time, there is no hard latency requirement for exiting it. Therefore, we think that Option 1, which is simple and direct, is sufficient.

	Nokia
	1
	Exiting survival time state is not so urgent, and we can simply rely on the legacy MAC CE from the gNB. We are open to discuss Option 2 if any clear benefit is shown.

	vivo
	Option 1
	Different from entering the ST state, it is not urgent for UE to exit the ST state. We think it can be left to network control, i.e. network can deactivate one or more legs for duplication to indicates UE to exit the ST state. No further optimization is needed.


3.6 On combining HARQ-NACK option and Tx-side timer option
During the online discussion of last RAN2 meeting, there are some companies propose to continue consider Tx-side timer based option.

	VII.
UE-based reactive solution based on Tx-side timer are deprioritized in R17. (12/18)

-
ZTE doesn’t think it is an issue of prioritization or de-prioritization.  HARQ NACK option is not always reliable.  ZTE would like to consider combing the two options, use the timer and HARQ NACK?  InterDigital agrees with ZE, Vivo, and oppo agrees.  Intel prefers a solution that looks at both.  

-
Ericsson points out that there is a technical issue with tx-side timer that it requires feedback for each message and thus resource inefficient.  

-
LG thinks that tx-side timer is not clear yet and different companies.


Based on the above RAN2 online discussion and also RAN#93-e discussion around other ST solutions, it is rapporteur’s understanding that Tx-side timer option is to be discussed as in combination with HARQ-NACK option. The following questions are used to understand how Tx-side timer option can help to solve any existing issues for HARQ-NACK option, preferably taking into account all the design in above sections. It would be helpful also to clarify the issues identified previously on Tx-side timer option can be avoided/solved in this combined solution.  
Q17: Has your company identified any residual issues of HARQ-NACK option that can be solved by the combination of HARQ-NACK option and Tx-side timer option? 

	Company
	Issue x (x=1,2,…) still exists for HARQ-NACK option
	Motivation on why combining HARQ-NACK option and Tx-side timer option would solve issue x

	vivo
	Issue1: the duration of HARQ-NACK counting for a PDCP PDU need to be define
	For each PDCP PDU from a DRB configured with ST requirements , a duration(i.e. Tx-sider timer) needs to be defined for UE to perform HARQ-NACK counting. The Tx-sider timer is started when a PDCP PDU is delivered to lower layer. While the Tx_sider timer is running: if N retransmisson grants are received, UE should enter ST state; if a new transmission grant is received, the Tx_sider timer should be stop. When the Tx-sider timer expires, the PDCP PDU is considered as transmitted successfully, and the counter should be reset.
The duration of the Tx-sider timer should be smaller than the transfer interval, otherwise if the Nth HARQ-NACK is received very close before the Tx-sider timer expiring, the UE may fail to activate the PDCP duplication before the PDCP delivers the next PDU to low layer. 

In addition, to overcome the possible missing of retransmisson grant, some enhancements in gNB maybe be needed, e.g. N+1 retransmisson grants are sent to UE before Tx_sider timer  expires, which can be left to gNB implementation.
Currently, there is no existing timer can be used as Tx-sider timer. Hence, a new Tx-side timer should to be introduced.


Q18-1: Would your company agree with the provided motivation of combining two options, for issue 1 in the table of Q17?
	Company
	Agree/Disagree
	Comments

	vivo
	Proponent
	


Q18-2: Would your company agree with the provided motivation of combining two options, for issue 2 in the table of Q17?
	Company
	Agree/Disagree
	Comments

	
	
	


Q18-x: Would your company agree with the provided motivation of combining two options, for issue x in the table of Q17?
	Company
	Agree/Disagree
	Comments

	
	
	


Q19: Overall, would your company agree to adopt Tx-side timer option, to be combined with HARQ-NACK option?
	Company
	Agree/Disagree
	Comments

	vivo
	Agree
	In addition, Tx-side timer can work alone. 

The case is very useful when the UE has both URLLC and eMBB traffic simultaneously. When a URLLC TB transmitted via CG is successful, the corresponding HARQ is scheduled via DG for new transmission(assuming there are a lot of eMBB data to transmit). The new transmission grant is used as trigger to stop the running Tx-side timer. The solution avoid the reliability issue of HARQ-NACK option.


3.7 Other issues

Q20: Are there any other issues your company thinks as necessary to discuss, in order to complete the design of Survival Time solution?
	Company
	Issue y (y=1, 2…)
	Motivation on why issue y shall be solved, in order to complete the design of Survival Time solution. 

	Nokia
	1
	Behaviour clarification for DC-based duplication:

When duplication is configured in Dual-Connectivity, and is already activated before the DRB enters the survival time state (i.e. at least 2 RLC entities across the two MAC entities are already activated), does the DRB enter the survival time state based on HARQ-NACK indication from one of the MAC entity or both MAC entities ? We think this should be a trivial issue but the behaviour anyway should be clarified in the specification. 

	Nokia
	2
	Providing status update to RAN3:
According to the WI objective:

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

Since RAN3 is also involved in this objective, we think RAN2 should provide an LS to RAN3 once some mature progress has been made for the solution, so RAN3 is able to assess if there is any need of specification change from their point of view.

	vivo
	Issue 1: Distinguish PDCP data PDU and PDCP control PDU
	According to the TS 22.104, the ST requirement is only applied to application messages, i.e. PDCP data PDU. Thus, the transmission failure of PDCP control PDU（e.g. EHC feedback） should not trigger the corresponding DRB to enter ST state.

	vivo
	Issue 2: Counter reset
	RAN2 should consider when and how to perform counter reset. 


Q21-1: Would your company agree with the proponent of issue 1?
	Company
	Agree/Disagree
	Comments 

	
	
	


Q21-2: Would your company agree with the proponent of issue 2?
	Company
	Agree/Disagree
	Comments 

	
	
	


Q21-y: Would your company agree with the proponent of issue y?
	Company
	Agree/Disagree
	Comments 
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