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Abstract of the contribution: We evaluate solution #9 based on how it relates to system requirements, and to what extent it improves on latency performance.
Discussion
Solution #9 provides a solution for URLLC services which is supposed to reduce the latency for initial data delivery for UEs that are in RRC_Inactive state. We provide an evaluation of the solution. 
Lack of quantitative requirements for the solution

The solution has the underlying assumption that URLLC services require the use of RRC_Inactive state, and that the current transition from RRC_Inactive to RRC_Connected is not sufficiently fast. However, the solution does not provide any references or clarifications about whether there are any requirements that need to be addressed that require the UE to be put in RRC_Inactive mode. The solution does not reference any quantitative requirement and therefore it is problematic to assess whether the solution suits a specific purpose, nor does the solution provide any reasonable use case where its applicability can be justified. 

Normally, critical traffic with URLLC requirements takes place in connected mode. There is normally some control/management traffic before a critical service is started, which transitions the UE to connected mode. While the use of RRC_Connected state may consume higher resources in the network and battery power in the UE, this is something to be expected for critical services which provide added value and could be assumed to bring extra revenue as well to compensate for the higher costs. Key issue #5 also refers to UE power consumption aspects, but it is not clear in which URLLC scenario would such power consumption be an issue, and whether Solution #5 would bring any significant, quantifiable gain in the power consumption. 
User plane latency aspects
The solution proposes to forward uplink packets via the Anchor RAN node using a new type of uplink tunnelling from the non-anchor RAN node via the anchor RAN node to the UPF. However, it is not clear why this is better than directly sending uplink data from the non-anchor RAN node to the UPF, given that the non-anchor RAN node gets information about the N3 tunnel endpoint of the UPF in the RAN context. The solution effectively adds the latency of new forwarding tunnel plus the latency of passing the anchor gNB node. Hence, there is a risk that the uplink latency may eventually increase rather than decrease with the solution. 

The downlink latency also includes the latency of the forwarding from the anchor RAN node to the non-anchor node, as well as the latency of passing the anchor gNB node. It is to be expected that the latency can be reduced by performing the path switch in the CN. Therefore it is not clear why the solution’s approach of deferring the path switch would help in reducing the latency; on the contrary, the deferred path switch may contribute to worse delay performance of the system. 

Note also that the performance of the forwarding tunnel (both uplink and downlink) between the gNBs may not be easy to optimize and plan. Operators would typically try to optimize the transport network so that it fulfils the requirements between the gNBs and the UPFs. The forwarding tunnels between gNBs may be useful for avoiding packet losses, but it may be hard to plan the network such that we can expect predictable, bounded low latencies between any pairs of possible gNBs. Hence the solution may be applicable only between a certain set of gNBs where the service requirements of the operator can be fulfilled. But the solution does not give guidance on how it is possible to define the domain of applicability of the solution. 

Control plane aspects

By deferring the path switch, the non-anchor gNB does not have a control plane N2 connectivity directly with the AMF for the given UE. That means that control plane signalling is not possible for the given UE, unless the solution introduces means to relay control plane signalling via the anchor gNB. This aspect needs further work to clarify. 
Proposal
It is proposed to capture the conclusions of the discussion above by adding evaluation statements to the solution. It is also proposed to work further on the control plane handling of the solution. The solution explains that it has UE impacts but it has not been captured in the Impacts section which is proposed to be corrected. The following changes are proposed to TR 23.725.
* * * * Start of Change * * * *
6.9
Solution #9 for Key Issue 5, supporting low latency for initial data delivery without requiring that the UE to always be in RRC_Connected State

6.9.1
Description

This solution applies to key Issue 5 when the UE change state from RRC_Inactive to RRC_Connected in another NG-RAN node than the one that has the UE context, where the nodes are within the same RAN Notification Area, and there are MO or MT data that need to be delivered with ultra low latency or with low jitter.

This solution allows the UE to deliver initial ultra low latency data to the existing DNN via the Xn interface without having the network to reconfigure the N3 and possible also the N6 interface.

CM-CONNECTED with RRC Inactive is used for URLLC User Data with following enhancement:

-
RAN uses at least the QoS information to detect if URLLC is requested.

-
RAN receives an indication from the UE if a URLLC PDU Session shall be resumed.
-
When the UE send RRC_Resume request to a NG-RAN Node that does not have the UE Context then RAN may decide that the anchor NG-RAN Node will not do a path switch of N3 to the new NG-RAN Node immediately.

NOTE:
It is up to RAN to decide when to start the transfer of user data to the Anchor RAN Node in relation to the procedure to retrieve the UE Context from the Anchor RAN Node. RAN may decide to only deliver the first EDT from the UE and then perform N3 path switch or, temporary setup a data forwarding tunnel of the PDU session over the Xn interface (TS 38.420 [12] and TS 38.415 [13])or not to switching N3 path to serving NG-RAN to avoid unnecessary N2 signalling if it is limited size of URLLC user data. If the path switch was executed then the new NG-RAN node will become the new anchor NG-RAN node.

-
When the UE is handed over from one non-anchor RAN node to another within the same RAN Notification Area (RNA), the RAN anchor node may decide to defer re-anchoring.
Editor's note:
It is FFS how N2 control plane signalling is to be handled for a UE for which the path switch is deferred.

6.9.2
Procedures

The procedure below shows the ultra low latency solution where the user data is delivered over Xn.
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Figure 6.9.2.1: Ultra low latency user data delivery

0.
Precondition is that the UE successfully done a PDU Session Establishment Procedure according to clause 4.3.2.2.1 in TS 23.502 [3] and that SMF indicates in the N2 SM container using QoS information to the anchor NG-RAN Node that the PDU Session is used for URLLC.

1.
UE to NG-RAN: RRC Resume Request (Resume ID, Indicator) according to existing procedure under Non-anchor NG-RAN node 1.

NOTE 1:
A UE may have many PDU sessions established before entering RRC_Inactive. Therefore, the UE need to indicate whether the Resume Request is linked to an URLLC PDU session or not. RAN needs to decide the format of this indication e.g. simple flag or PDU session ID.
2.
The new NG-RAN node (Non-anchor NG-RAN node 1) uses the Resume ID to identify the anchor NG-RAN node and request to retrieve the UE Context from the anchor NG-RAN Node. In case of EDT the UE context retrieval may also include the early data. If the resumed PDU Session is an URLLC PDU Session, the anchor NG-RAN Node may decide to configure the Non-anchor NG-RAN Node as a relay for that UE. In that case the Non-anchor NG-RAN Node 1 will relay future MO & MT user data between the UE and the Anchor RAN Node.

NOTE 2:
RAN needs to decide messages and procedures to support Xn forwarding tunnel feature.
3.
The Non-anchor RAN Node 1 sends the RRC Resume message to the UE.

4.
The UE Enter RRC_Connected state.

5.
All MO user data will be transferred from the UE to the Non-anchor NG-RAN Node 1 and then over Xn to the anchor NG-RAN Node and further transported via existing N3 & N6 to the DNN and the low latency application service. MT user data will be sent in the opposite direction.

6.
Due to UE mobility the UE is handed over from Non-anchor NG-RAN node 1 to Non-anchor NG-RAN node 2. The Anchor NG-RAN node decides to remain as anchor and defer any re-anchoring to later.

7.
All MO and MT data between NG-RAN node 2 and the CN are relayed via the Anchor NG-RAN node.

NOTE 3:
Keeping the Anchor RAN node unchanged for UE in RRC_CONNECTED state can be beneficial for low-latency communication by avoiding delays associated with traffic forwarding of traffic upon handover between Non-anchor RAN node 1 and Non-anchor RAN node 2 (either directly or via the Anchor RAN node). It is assumed that it is used in conjunction with RAN-level mechanisms for low-latency communication that are out of scope of this TR. The benefits of this specific aspect of the solution need to be evaluated.

6.9.3
Impacts on Existing Nodes and Functionality

RAN:

-
RAN, based on if the PDU Session is an URLLC PDU Session received from the SMF, may decide to establish a forwarding tunnel between the new NG-RAN and anchor NG-RAN during the Resume procedure or, RAN may decide to only forward the EDT user data included in RRC_Resume_Request in the UE Context Retrieval request and allow the Anchor NG-RAN Node to deliver the EDT user data over existing N3 without any N3 path switch.
UE: 

 - 
Indication of whether the Resume Request is linked to an URLLC PDU session or not.
6.9.4
Solution Evaluation


The solution has the following properties.

· The solution does not refer to any requirements (quantitative or service related) that need to be accomplished based on which its applicability could be judged. 

· The solution does not provide any typical use cases which justify its use. 

· The solution does not add any value for typical applications where the UE transitions to RRC_Connected mode before a critical service is started and remains in RRC_Connected mode while using the service in order to be able to meet the delay requirements of the service. Also, there are no requirements for reducing power consumption and/or mobility signalling overhead that could justify putting the UE in RRC_Inactive mode.

· The solution may increase the uplink latency due to the added reverse tunnelling towards the anchor gNB and the need to pass the anchor gNB, even though the uplink data could have been sent directly to the UPF. 

· The solution may increase the downlink latency due to the downlink tunnelling that exists for a longer period of time and due to the need to pass the anchor gNB, as opposed to switching the downlink path as soon as possible. 

· The solutions domain of applicability may be limited, as operators may not be able to deploy transport networks that provide sufficiently low latency between any two possible pair of gNBs. 

* * * * End of Changes * * * *
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