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1
Introduction
URLLC support for NR AS is inherent to Rel-15 specifications, according to stringent Stage 1 requirements laid out in TS22.261 namely 1.10-5 BLER at 1ms latency. Further improvements are being defined in Rel-16 meeting requirements down to 1.10-6 BLER at 1ms latency. These targets have been clear design targets – the resulting L1 design has been thoroughly evaluated in Rel-15 and will be so for Rel-16 as well. Furthermore, PDCP duplication at L2 can yield further reliability improvements. See also [2] that confirms that “AS URLLC solutions address Uu reliability, and RAN2 don’t think that the SA2 proposals additionally enhances the Uu reliability. In addition, RAN2 would favour solutions that leverage existing RAN based solutions, such that AS impact is small.”
Observation 1: URLLC is supported at the access stratum starting from Rel-15, in accordance with stringent Stage 1 requirements (and IMT2020 requirements).
Therefore, there is no sound reason in our view to assume these targets may not be met unlike what KI#1 may be assuming “In order to ensure the high reliability which can hardly be achieved by single path on user plane, redundant transmission in 5GS may be supported.”
Observation 2: Any assumption that reliability requirements can either not be met or be hardly met in the access stratum is misleading, based on Rel-15 (and Rel-16) stringent design criteria and the evaluations done.
It is also important to bear in mind that the AS sets up and adjusts radio resources dynamically according to QoS requirements of QoS flows – hence QoS flows associated with URLLC QoS requirements will be treated accordingly in the AS to meet these requirements.

Observation 3: The AN is responsible for setting up and adjusting radio resources for DRBs dynamically according to QoS requirements of QoS flows. This includes dynamic use of PDCP packet duplication for instance, and with it, no static configuration of P- and S-cells.
Observation 4: A number of proposals have focused on providing redundancy without any actual assessment as to whether these yield increased reliability over what is readily available in Rel-15 – this is particularly concerning for solutions that impact the radio interface and protocols.
Solutions based on redundant UEs assume the UE is a critical node that requires redundancy (which is not obvious) – however these solutions require tight integration and coordination between these UEs (down to radio layers) which does question whether any resulting reliability gain is thus obtained as the UE-tuple is unlikely physically implementable as independent entities. Furthermore, with the operation of this UE-tuple being more complex than that of a single UE, the risk for errors may also be higher than with a single UE. 

Observation 4: UE redundancy as proposed in Solutions 2 and 10 is not proven to increase reliability as the UE-tuple is not consisting of fully independent UEs, but instead of UEs that need tight integration and coordination (at lower layers) and as a result a single physical implementation.
The above observations are in our view very important in light of some of the tentative solutions to KI#1 documented in the TR. Furthermore, it is important that Rel-15 UE not be excluded from CN UP improvements in reliability. This leads us to the following proposals:

Proposal 1: FS_5G_URLLC shall not incur changes to the radio interface and radio protocols, but shall instead focus on improving UP reliability throughout the CN if need be.
Proposal 2: Improvements to CN UP reliability shall be compatible with Rel-15 UEs i.e. at both AS and NAS.
Proposal 2a (corollary): any UP path duplication shall be transparent to the UE i.e. shall not require the UE to request the set-up of two PDU Sessions.
Proposal 2b (corollary): any UP path duplication shall be fully compatible with existing Rel-15 AS mechanisms. 

2
Dual Connectivity
Dual Connectivity in the NG-RAN articulates around three (UP) self-explanatory bearer concepts:

-
Split bearer: UP data are split at PDCP and transit via both M-RAN and S-RAN (via Xn interface)
-
Both MCG split bearer and SCG split bearer are supported

-
MCG bearer: UP data are transmitted via M-RAN only
-
SCG bearer: UP data are transmitted via S-RAN only
In addition, the split bearer approach further enables PDCP data duplication leveraging the DC capability of a UE to increase reliability without inserting any major additional latency component.
The figure below depicts the C-plane and U-plane DC RAN architectures according to the above bearer concepts:
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Figure 1. RAN architectures for dual connectivity
NG-RAN supports DC within a single RAT or across both NR and E-UTRA as defined in TS 37.340. In case of multi-RAT DC, the split bearer architecture as shown above is supported whether NR (resp. E-UTRA) serves as M-RAN or S-RAN.

Observation 5: DC in NG-RAN supports PDCP duplication via the split bearer architecture 

Observation 6: The split bearer architecture also allows split SRB (from the M-RAN only in Rel-15) which brings substantial improvements at the AS e.g. mobility robustness that is especially important for NR deployments in higher frequencies.

Proposal 3: The above are fundamental design principles for DC in Rel-15. It is strongly recommended to fully re-use these in Rel-16 as opposed to requiring yet a different architecture with major system-wide impact from AS to NAS.

3
Analysis of current solutions to KI#1
Solutions to KI#1 are analyzed in the following table and corresponding changes to their evaluation in the TR are outlined in §4. 
	Solution 
	Description
	Comments

	#1
	Redundant user plane paths based on dual connectivity
	· UE to establish two PDU Sessions and indicate redundancy to the network either via different DNN / SNSSAI or other indication
· NW to make the PDU Sessions’ transport UP paths independent if possible
·  “Independent” UP paths in the system (though not guaranteed)
· Loosely refers to DC
· Independent PDCP entities

· Relies on RHF
 (e.g. IEEE TSN FRER) outside the 3GPP system for data redundancy
	· Independent paths are not guaranteed

· No reason identified for the UE to explicitly request two PDU sessions (as opposed to requesting a single PDU Session with e.g. redundancy indication)

· UE setting up PDU Session 2 via SgNB is in contradiction with the statement that “N1 [is] handled via the MgNB” – there is no reason for the UE to send N1 signaling via SgNB, Xn’ed to MgNB
· (Cryptic how an indication via different SNSSAIs or even DNNs is supposed to work)
· UE-requested UP duplication as opposed to network-driven decision transparent to the UE

· Master RAN node is a single point of failure (due to DC architecture) in CP that could lead to UP failure 

· Use of PDCP packet duplication is prevented – which means if one path fails, the resulting reliability is worse than Rel-15 baseline
· On the radio interface, the added value of the solution over PDCP packet duplication is nil

· Use of DC left up to RAN decision, but ordered by CN.

· Increased latency when DC is not configured
· Systematic redundancy on the radio interface which hampers spectrum efficiency

	#2
	Multiple UEs per device for UP redundancy
	· Two UEs with independent UP paths in the system.

· Requires static UE Reliability Groups – statically configure (in the UE, at subscription or at registration)
· Relies on RHF (e.g. IEEE TSN FRER) outside the 3GPP system for data redundancy
	· Two UEs = Two MEs, two UICCs 
· Increased power consumption per device (2x)
· Full UE coordination required throughout the network (CN and RAN) and between UEs e.g. access and congestion control must be coordinated
· CP paths cannot be independent
· This UE redundancy model is unlikely providing any reliability gain, see observation 4
· Expectedly less efficient and reliable on the radio interface than operating DC with dynamic resource management

· Artificial UE dissociation due to UERG
· Systematic redundancy on the radio interface which hampers spectrum efficiency

· UERG is detrimental to reliability on the radio interface and appear not to be needed for the proposal to function at all. The only piece of info needed is that the UEs form a pair that needs coordination
· RAN2 prefers existing means [2] instead of reliability groups

· No single point of failure in the 3GPP system however the device itself is a single point of failure regardless how many UEs are used

	#3
	Supporting redundant data transmission via single UPF and two RAN nodes
	· Based on reasoning: “a single RAN node cannot provide enough reliability in air interface for the QoS flow, so the redundant packets will be transferred between UPF and UE via two independent N3 tunnel and two RAN nodes to enhance the reliability of service”

· DC with independent PDCP entities
· DC use ordered by CN
	· Articulating around DC architecture, why couldn’t a split bearer with PDCP duplication be used instead?
· Systematic redundancy on the radio interface which hampers spectrum efficiency with no improvement over PDCP duplication
· Master RAN node is a single point of failure (due to DC architecture) in CP that could lead to UP failure

	#4
	Supporting redundant data transmission via single UPF and single RAN node

	· Network redundancy transparent to the UE
	· Leverages Rel-15 mechanisms

· No systematic duplication on the radio interface

	#7
	Replication framework in 3GPP System
	· Introduces a replicator functionality (and associated protocols) in the network and the UE marking replicated packets for specific treatment throughout the system
	· UE NAS protocols expected to be unchanged (as for Solution #4) as long as relying on single UEs
· UE AS protocols expected to be reused largely as is, except if otherwise required by packet marking, and as long as relying on single UE
· However much of the solution is still FFS

	#10
	Multiple UEs per device for user plane redundancy with broadcast Network Reliability Group

	See #2 – relying on Network Reliability Group instead of UERG
· Added cross-UE coordination for cell camping


	· See #2

· Cell camping rules based on Network Reliability Groups may violate radio criteria to camp on best cells and generate undue interference in the network
· RAN2 prefers existing means [2] instead of reliability groups
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**** FIRST CHANGE – Solution #1 ****

6.1.4
Solution Evaluation

-
The solution can provide disjoint redundant user plane paths through the 3GPP system including RAN and CN.

-
The solution uses IEEE FRER on upper layer between UE and DN.

-
The solution does not impact the application itself, as replication can be performed by a networking protocol such as IEEE TSN FRER (see Annex A) which operates at an intermediate Ethernet switch or at the Ethernet layer of the endhost. Other protocols for replication are also applicable, such as DetNet (see Annex B) or proprietary protocols.

-
The solution can be integrated with end to end redundancy solutions.

-
The solution can provide the same level of redundancy as typically applied for fixed industrial deployments today.

-
The solution requires dual connectivity MCG bearer and SCG bearer architectures.


-
The solution extends the dual connectivity by a CN trigger to request dual connectivity setup on a per session basis.
-
The solution introduces additional latency when dual connectivity is not activated, due to systematic data duplication.
-
The solution provides no added value on the radio interface over what can be achieved with DC and PDCP duplication in Rel-15 and provides worse radio resource usage due to systematic data duplication.
-
The Master RAN node is a single point of failure (C-plane and in turn U-plane) due to DC architecture.
-
The solution uses a single UE in the terminal, hence it does not provide redundant UEs.

**** NEXT CHANGE – Solution #2 ****
6.2.4
Solution Evaluation

-
The solution can provide disjoint redundant user plane paths through the 3GPP system including RAN and CN. 

-
The solution depends on IEEE FRER on upper layer between UE and DN.

-
The solution can provide the same level of redundancy as typically applied for fixed industrial deployments today. 

-
If desired by the operator, the solution can also be used for redundant control plane handling. 

-
The solution uses multiple UEs in the terminal, hence it also provides redundant UEs however without any proven resulting reliability gain due to the tight integration and coordination required between these UEs. I.e. the device is a single point of failure regardless how many UEs it integrates with no expected higher reliability than an individual UE.
-
The solution significantly increases the power consumption (100%) of a device compared to using a single UE implementation.
-
The solution requires device manufacturers to integrate multiple UEs.
-
The solution provides additional redundancy with no evidence of any better reliability on the terminal side compared to using a single UE with DC and PDCP duplication and provides worse radio resource usage due to systematic data duplication.
-
The solution introduces UE Reliability Groups that bring major constraint to AS behaviour without any functional purpose.

-
The solution requires the pair of UEs to be identified and tightly coordinated throughout the system.
**** NEXT CHANGE – Solution #3 ****
6.3.4
Solution Evaluation

This solution provides high reliability transporting mechanism by performing redundant transmission between Anchor UPF and UE via disjointed CN tunnels and two different RAN nodes. The solution has the following properties:

-
The solution provides the same level of redundancy on the air interface as the existing PDCP packet duplication function in Rel-15 (see TS 38.300 [11] section 16.1.3) but with worse radio resource usage due to systematic data duplication.


-
The Master RAN node is a single point of failure (C-plane and in turn U-plane) due to DC architecture.

-
UPF is a single point of failure in the user plane. In case of UPF failure, the session is completely lost.

-
The operator can control the activation of redundant transmission or not by PCC mechanism.

-
This solution has no dependency on the protocol used in application layer, which is out of control of the operator.

-
The redundant transmission can be activated on demand per QoS Flow but limits to single QoS Flow per DRB. 

-
Current existing PDU session/QoS Flow management mechanisms are reused in this solution with limited extensions shown in 6.3.3. No further impact on existing CN control plane mechanisms, however RAN is impacted by the need to be able to combine dual connectivity setup with the establishment or modification of radio bearers within the session management procedures.

-
If protocol stack option 1 is adopted, there is no additional replication protocol defined for the UE. If protocol stack option 2 is adopted, there is no additional replication protocol functionality for the RAN node. But interactions with existing Rel-16 RAN PDCP duplication is not investigated yet.
**** NEXT CHANGE – Solution #4 ****

6.10.4
Solution Evaluation

Editor's note:
This clause provides an evaluation of this solution.

-
The solution can provide disjoint redundant user plane paths through the 3GPP system including UE, RAN and CN.

-
The solution ensures that the redundant user plane paths do not share the same risks, whenever possible.

-
The solution uses IEEE FRER on upper layer between UE and DN.

-
The solution does not impact the application itself, as replication can be performed by a networking protocol such as IEEE TSN FRER (see Annex A) which operates at an intermediate Ethernet switch or at the Ethernet layer of the endhost. Other protocols for replication are also applicable, such as DetNet (see Annex B) or proprietary protocols.

-
The solution can be integrated with end to end redundancy solutions. 

-
The solution can provide the same level of redundancy as typically applied for fixed industrial deployments today. 

-
The solution is under control of the terminals.

-
The solution uses multiple UEs in the terminal, hence it provides redundant UEs however without any proven resulting reliability gain due to the tight integration and coordination required between these UEs. The device is a single point of failure regardless how many UEs it integrates, with no expected higher reliability than an individual UE.
-
The solution significantly increases the power consumption (100%) of a device compared to using a single UE implementation.
-
The solution provides no added value on the radio interface over what can be achieved with DC and PDCP duplication in Rel-15 and provides worse radio resource usage due to systematic data duplication.
-
The solution introduces Network Reliability Groups that bring major constraint to AS behaviour without any functional purpose.

-
The solution requires the pair of UEs to be identified and coordinated throughout the system.
-
The solution enables a flexible deployment as it can be deployed by defining NRGs based on the already deployed network without requiring the deployment of fully disjoint RANs or CNs.

-
In certain deployments, this solution might require the UE(s) to be aware of the frequencies supported by gNB(s).

Editor’s note: need for gNB to be aware of neighbour node’s support for NRG to make it usable in certain deployment scenarios is FFS.

**** NEXT CHANGE ****
7
Overall Evaluation
Editor's note:
This clause will provide evaluation of different solutions.

7.2
Evaluation for key issue 1

Solution 1 prevents the use of PDCP packet data duplication on the radio interface. As a result, in some scenario (path failure) it may degrade the radio interface reliability performance vs. Rel-15 baseline. 
Solutions 2 and 10 introduce "redundant UEs" in a single device that need to be tightly coordinated and integrated within the device, thus resulting in a fake redundancy that is expected not to provide any better reliability than solutions with a single UE. Such solutions will also significantly increase the power consumption of a device.
Solution 3 does not guarantee any better reliability over the radio interface than with PDCP packet data duplication. It is also much less radio resource efficient compared to existing means, due to DC being ordered by CN as opposed to being a (dynamic) RAN decision. 
Solution 4 leverages existing means on the radio interface and provides redundancy within the network in a manner that is transparent to the UE and thus backwards compatible with Rel-15 UEs.
Editor's note: Solution7 is incomplete at the time of writing and cannot be fully evaluated at the moment.

**** NEXT CHANGE ****
8
Conclusions

Editor's note:
This clause will list conclusions that have been agreed during the course of the study item activities.
8.1
Key Issue #1: Supporting high reliability by redundant transmission in user plane
It is recommended that normative work proceed as follows:

-
Focusing on backhaul reliability improvements only i.e. without changes to the radio interface and associated protocols; and
-
Requiring single UE only i.e. no UE redundancy shall be specified; and
-
Introducing network means for

a)
redundancy of network nodes (UPF and gNB) and associated interface (N3); and

b)
GTP-U redundancy over N3 with single network nodes i.e. UPF and gNB.
UE impact with a) shall be minimized.

UE impact with b) shall be avoided.
NOTE:
An informative annex may be created during the normative work to document potential redundancy options with no 3GPP specification impact.
**** END OF CHANGES ****
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