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1 Introduction 
In the WID of enhanced IIoT and URLLC support for NR, the following objective about RAN enhancements on new QoS parameters is included [1]:

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


During RAN2 #116e [2], the following latest agreements were reached:

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

A two-phase email discussion took place to further specify the UE-based HARQ-NACK solution. We aim to give our views regarding the RAN enhancements needed to support survival time QoS.

2 On the need for a Conditional CG Activation
The issue that was discussed the most in the post RAN2 #116e email discussion [3] was whether RAN2 would introduce some form of “conditional CG activation”. We attempt to assess the need for such a solution, in its most general form, this can be presented as that proposal from the email discussion [3]:

	“Proposal 1-1 (10/18): To provide radio resources on the legs used for PDCP duplication and to guarantee CG resources are not used outside of Survival Time, RAN2 to discuss whether a CG can be considered deactivated outside of Survival Time and activated in Survival Time. Other variants FFS.”


First, we try to assess the possible pros and cons of this proposal if adopted, in particularly how it relates to the baseline implementational solution:

2.1 Latency

[image: image1.png]cc1

N

MAG PDU #N+1
on CG

UE

DCI $cheduli MAC PDU
HARQ re-tx for #N,on MN on DG
MAC PDU #N POULEN
oG :

DCl scheduling
DG/CG type 2
activation for
PDU #N+1 on

E receives NACK & activates
PDCP duplication
autonomously

! MACPDU #N+1

(duplicated) on
DG/CG

CC2:gNB
Implementational

< >e »

Time between 1%t | ! i_
PUSCH and start of EPDCCH : Time between PDCCH I PUSCH
DCl scheduling DG iduration H and associated CG or ! duration =
or activating CG on i1symbol DG occasion : N2=5.5 i 2 symbols:

symbols for high
capability UE




It can be argued that allowing for conditional activation without DCI on PDCCH CG activation/DG allocation can reduce latency on the duplicated RLC leg (call it CC2 here), since bypassing the PDCCH can mean that the UE timeline does not go through the 1/2/3 slots of PDCCH that carries the DCI and the minimum N2 period between PDCCH and PUSCH that includes the CG/DG carrying the duplicated traffic. However, since the UE still needs to decode a HARQ-NACK carried on PDCCH on the already active RLC (call it CC1), and follow the same UE timeline before transmitting the PDU on CC2, it is unlikely that the UE can prepare the PDU and transmit it on the PUSCH much faster than the baseline implementational solution.
Observation 1: Conditional activation of CG does not lead to significant latency savings over the implementation solution.
2.2 Wastage of Pre-allocated Resources

The goal of a possible conditional CG activation introduction is restricting the usage of the resources designated to carry duplicated traffic to survival time, i.e., a CG is configured and only activated upon survival time entry to avoid resource wastage outside of survival time. The baseline implementation solution is for the gNB to normally activate resources (DG or CG type 2) to carry duplicated traffic upon survival time entry since the gNB is the first node to detect that. 

Another possible implementation solution is to configure and activate CG type 1 and restrict its usage to the LCH carrying duplicated traffic. While this CG type 1 is guaranteed not to carry PDUs belonging to other LCHs outside of survival time, technically allowing the gNB to reallocate these resources to other UEs, it can still carry MAC CEs or UCI only transmissions which means that their usage is not restricted to survival time only. This can be solved by introducing a limited solution that makes the MAC restrict this CG instance from PHY by essentially not making the grant visible to PHY, this however would require the MAC be aware of survival tine entry and exit which we do not prefer as clarified later.

Observation 2: Baseline implementational solutions for short survival times can utilize DG and/or CG type 2 to carry duplicated traffic but not CG type 1 to avoid resource wastage.   
2.3  Overhead and Reliability
Due to the need for very high communication service availability (CSA) for the required use cases, the gNB may configure more than two RLC legs upon entry of survival time. For the baseline implementational solution, this means that every additional activated RLC requires a PDCCH transmissions. For a survival state that activates M additional RLC legs the gNB needs to transmit M+1 DCIs within the small survival time. This may create a bottleneck and limit the gNB capabilities in terms of how many RLCs can be activated and how many UEs can be supported due to excessive overhead associated with high CSA applications.
Observation 3: Baseline implementational solution introduces high PDCCH overhead specially for high CSA applications. 
Another issue with transmitting DCIs to activate/allocate grants by the gNB is the risk that the UE cannot decode these DCIs, and thus the UE activates the duplication RLC(s), but cannot find resources to transmit duplicated traffic. However, this requires a loss in both DCI, and loss on transmission on the already active RLC leg, which is not very likely and can be factored in resource provisioning, e.g., by configuring PDCCH repetition which is allowed at PHY to alleviate the missed PDCCH issue, or configuring multiple RLC legs in case one of the DCIs activating resources is lost, which again may suffer from prohibitively high overhead to maintain required reliability.
Observation 4: Conditional CG activation does not significantly improve the system’s reliability.
2.4 Activation 

If conditional CG activation is to be supported, RAN2 has to weigh different options regarding how the new conditional CG can check its internal activation condition. In our view, the MAC should not “track” the survival state, i.e., the MAC should not be aware whether the UE is in survival time or not to avoid messy cross-layer dependency between the PDCP and MAC and the risk of UE-gNB misalignment, since survival time exit is likely to happen by legacy MAC CE to the PDCP. 

Proposal 1: There is no survival state at MAC.

Proposal 2: Conditional CG, if supported, should not rely on the MAC layer tracking the UE survival state.  
Aside from that, there are two possible options for the condition that the UE needs to check before internally activating the CG:
Option 1: RLC dependent activation: In this option, the CG is restricted to one or more RLC channel(s) via LCP restrictions, and the CG is not active from a MAC point of view unless the RLC entity is active as well. This is the most straightforward option.
Option 2: Implicit L1 signalling: In this option, the CG would be configured and activated upon receiving the HARQ-NACK that activates PDCP duplication. The mechanics of that option do not necessarily couple the CG to RLC activation, making the MAC process simpler and more natural since CG/DG resources are traditionally activated by L1 signalling and need not check the RLC status to infer whether a grant is active. Also, L1 allows the UE to anticipate the incoming PDU once the DCI is received allowing a fast internal UE timeline. 
Proposal 3: RAN2 to consider the following to options as activation conditions for conditional CG is supported:

· Option 1: RLC dependent activation.

· Option 2: Implicit L1 signalling.
Regarding whether the conditional CG, if supported, should apply to CG type 1 or CG type 2. Our view is that both have their pros and cons summarized in Table 1. Furthermore, supporting the conditional CG option for type and not the other would be somewhat limiting to the network that wants to implement that feature, since it locks the resource type that applications configured with survival time would use.
	CG Type
	Pros
	Cons

	CG Type 1
	· Simple spec change.

· Requires no L1 signalling to activate or deactivate the grant.
	· CG type 1 has no notion of being active/inactive so this will be almost like defining a new CG type, which may be an overkill for the WI scope. 

· No gNB control beyond RRC reconfiguration.

· Inability of the network to deactivate the grant except through a round-about PDCP deactivation method.

	CG Type 2
	· Full gNB control via DCI signalling. 

· Does not deviate from CG type 2 nature in the spec. by only slightly changing the details of already existing L1 activation.
	· More spec impact
· Activation becomes more cumbersome in terms of MAC since it needs to receive DCI activation then check whether the additional activation condition is true


Proposal 4: RAN2 to confirm whether conditional CG, if supported, applies to CG type 1 only, CG type 2 only or both.

2.5 Possible RAN1 impact

If supported, it would be necessary for RAN2 to ensure that the proposed CG does not have RAN1 impact, i.e., this conditional CG spec. should be contained within RAN2 to avoid excessive complexity in the feature and since limited time is remaining in Rel-17.
Proposal 5: If supported, RAN2 should avoid RAN1 spec. impact in standardizing conditional CG.

3 Activation of PDCP duplication in Survival Time
The other important task for RAN2 to finalize this feature is to specify the remaining details regarding PDCP duplication. The first issue is whether the number N of HARQ-NACKs to enter survival state should be 1 or configurable. Since this feature is only used for short survival times (say <5ms) because lax survival times can be adequately handled by implementation, we do not see a benefit of making N configurable. Furthermore, this would need MAC to implement a counter and needs further some discussion into how a counter should reset with the unavailability of explicit HARQ-ACK indication. Aside from that, this introduces the risk of the UE and gNB counter being misaligned with no clear mechanism on how to re-align them. All these issues can be further discussed, but for the scope of this feature, we think that N=1 configuration would be sufficient for the required task with no great overhead s compared to an optimized configurable N.
Observation 5: A configurable N counter of HARQ-NACKs to enter survival time would require RAN2 work on counter implementation, resetting conditions and handling misalignment with no significant benefits over N=1.
Proposal 6: RAN2 to confirm that N=1 HARQ-NACKs is sufficient to enter survival time if survival time behaviour is configured. 
The current email discussion also weighed those two options regarding what RLC entities to activate upon entry of survival state:
	The number of associated RLC entities that can be activated upon entry into Survival Time are supported by either one of two variants. The second variant can be optionally configured. 

Option 1: Following entry to Survival Time, PDCP duplication is activated for all associated RLC entities that are configured for a DRB. The RLC entities are identified using the Rel-15/16 options for RRC configuration of associated RLC entities.

Option 2: Following entry to Survival Time, PDCP duplication is activated for a separately configured set of associated RLC entities that are configured for a DRB. The RLC entities are identified using a new RRC configuration option which can be optionally present. The separate set is used in Survival Time only.


In our view, option 1 is preferable (activating PDCP duplication for all associated RLC entities identified using Rel-16 configuration options) due to its simplicity, low signalling overhead, less spec work. More importantly, the benefits are unclear regarding the need for continuously reconfiguring RLC legs ahead of anticipated failure and adding both an internal UE state and RRC signalling to change that state. 

In our view, the network can just configure the RLC legs that hit the required reliability target in survival time and the UE would activate those preconfigured RLC legs upon entry into survival state, assuming that any required reliability target can be achieved by configuring the right number/selection of RLC legs including the already active one. The added flexibility of disabling the active RLC specifically is unlikely to unlock new “static” reliability targets from a reliability standpoint. From an excessive interference standpoint, since entry into survival state is rare and not so many UEs are expected to be simultaneously in survival state, optimizing the RLC legs to be activated upon entering survival time does not seem to add much in terms of interference avoidance. 
Proposal 7: RAN2 to confirm that PDCP duplication is activated for all associated RLC entities that are configured for a DRB. The RLC entities are identified using the Rel-15/16 options for RRC configuration of associated RLC entities.

4 Extension to Unlicensed bands

In the RAN 114e meeting, the following agreement was reached [5]:

“No specific enhancements in support of Survival Time in UCE will be studied in R17, but we should aim for solutions for Survival time that also work in UCE”

Since this agreement, the scope of the survival time procedure has been refined to the basic operation of activating PDCP duplication after receiving a HARQ-NACK on a CG transmission. At a high-level, this operation does not distinguish between Licensed band and UCE. The difference would come down to the interpretation of the “HARQ-NACK” term. In the licensed band, this HARQ-NACK is interpreted to be a retransmission grant. No such interpretation is necessary in UCE (provided CG-retransmission grant is configured) since an explicit DFI is available in this case as well as LBT failure indication. Thus, we conclude that generalizing this feature to unlicensed band is straightforward from a spec. standpoint.
Observation 6: The basic RAN2 solution for survival time is applicable for licensed band and UCE. The difference would be in how a “HARQ-NACK” is inferred at the MAC.
Observation 7: HARQ-NACK and re-tx indications at the UE can be directly mapped to additional UCE triggers aside from the DCI re-tx grant studied in licensed band.
Proposal 8: RAN2 to consider extending the HARQ-NACK triggers in UCE to include DFI feedback, LBT failures and/or CGRT grant timer expiry to enable the studied enhancements to work in unlicensed bands.
5 Conclusion
Observations and proposals from the above discussion are copied below.
Observation 1: Conditional activation of CG does not lead to significant latency savings over the implementation solution.
Observation 2: Baseline implementational solutions can utilize DG and/or CG type 2 to carry duplicated traffic but not CG type 1.   

Observation 3: Baseline implementational solution introduces high PDCCH overhead specially for high CSA applications. 
Observation 4: Conditional CG activation does not significantly improve the system’s reliability.
Proposal 1: There is no survival state at MAC.

Proposal 2: Conditional CG, if supported, should not rely on the MAC layer tracking the UE survival state.  
Proposal 3: RAN2 to consider the following to options as activation conditions for conditional CG is supported:

· Option 1: RLC dependent activation.

· Option 2: Implicit L1 signalling.
Proposal 4: RAN2 to confirm whether conditional CG, if supported, applies to CG type 1 only, CG type 2 only or both.

Proposal 5: If supported, RAN2 should avoid RAN1 spec. impact in standardizing conditional CG.

Observation 5: A configurable N counter of HARQ-NACKs to enter survival time would require RAN2 work on counter implementation, resetting conditions and handling misalignment with no significant benefits over N=1.

Proposal 6: RAN2 to confirm that N=1 HARQ-NACKs is sufficient to enter survival time if survival time behaviour is configured. 
Proposal 7: RAN2 to confirm that PDCP duplication is activated for all associated RLC entities that are configured for a DRB. The RLC entities are identified using the Rel-15/16 options for RRC configuration of associated RLC entities.

Observation 6: The basic RAN2 solution for survival time is applicable for licensed band and UCE. The difference would be in how a “HARQ-NACK” is inferred at the MAC.
Observation 7: HARQ-NACK and re-tx indications at the UE can be directly mapped to additional UCE triggers aside from the DCI re-tx grant studied in licensed band.
Proposal 8: RAN2 to consider extending the HARQ-NACK triggers in UCE to include DFI feedback, LBT failures and/or CGRT grant timer expiry to enable the studied enhancements to work in unlicensed bands.
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Fig 1. Example Latency incurred by the duplicated traffic upon survival time activation in baseline solution









