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Introduction
In NR, data forwarding is agreed to be per QoS flow as baseline [1]. However, the current E1AP structure for the support of data forwarding is designed based on DRB-level forwarding, thus the source and target gNB-CU-UPs are currently blind in which QoS flow is subject to DL forwarding over PDU session tunnel if established! This contribution demonstrates such QoS flow forwarding issues and proposes to correct to make the PDU session forwarding work properly for HO involving gNB-CU-UP.
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Discussion

In LTE, during HO, the source proposes DL data forwarding per E-RAB and if accepted by the target, the target provides TNL information (IP address and GTP-TEID) for which the source needs to forward packets to. By this way, the source knows which E-RAB is accepted for data forwarding and the target knows for which E-RABs forwarded packets have to be sent before fresh packets arriving over S1.
The same principle has been adopted for NR as well, where data forwarding is proposed/accepted per QoS flow [1]. The corresponding stage-3 support over Xn interface has also been specified [2].
In a NR deployment where gNB-CU is separated into control plane (gNB-CU-CP) and user plane (gNB-CU-UP) entities, this principle has been applied as well, but in a way that, in the target side, the target gNB-CU-UP provides forwarding TNL info based on the request from the target gNB-CU-CP. 

The reason for this request/response approach is partly because of the CP-UP separation design choice (to make the user-plane entity simple as possible) and partly because of the DRB-level forwarding for lossless HO. It was agreed that gNB-CU-CP decides flow to DRB mappings and gNB-CU-UP simply accepts or rejects whatever requested [3]. Thus, if the target gNB-CU-CP decides to continue a DRB with the same mapping as source for which DL forwarding is proposed, what matters is whether this DRB can be established in the target gNB-CU-UP or not. As a result, a simple request for forwarding TNL for such DRB could work with a condition of its successful establishment in the target gNB-CU-UP. Moreover, if the target gNB-CU-CP decides not to continue with the same mapping, lossless HO is not possible so it won’t have to request DRB forwarding TNL from the beginning.

However, this request/response approach has been applied for the PDU session level tunneling, without flow-level DL forwarding details to the target gNB-CU-UP. As a result, even if the target gNB-CU-UP provides a PDU session forwarding TNL upon request from the target gNB-CU-CP, the target gNB-CU-UP cannot know which QoS flow admitted is actually subject to the data forwarding or not. This means that as long as a PDU session is admitted whose forwarding TNL is requested, the target gNB-CU-UP has to wait for the forwarded end-marker before handling fresh packets arriving over NG-U, no matter which QoS flow within this PDU session is subject to DL forwarding or not (except ones mapped to a DRB with DL forwarding requested, as they will be forwarded over DRB-level tunnel). This could incur a significant delay for a QoS flow mapped to a DRB without DL forwarding requested and not subject to DL forwarding at all.
Observation 1: Currently, per QoS flow DL forwarding is NOT informed to the target gNB-CU-UP.

Observation 2: Once QoS flows are admitted whose PDU session forwarding TNL is requested, the target gNB-CU-UP has to assume that they are forwarded over PDU session tunnel except ones mapped to a DRB with DL forwarding requested.

Observation 3: A significant delay could be incurred for a QoS flow mapped to a DRB without DL forwarding requested and not subject to DL forwarding at all.

Not only that, currently, E1 interface does NOT propagate per QoS flow DL forwarding acceptance (if any) to the source gNB-CU-UP. Only the forwarding TNL info is given back to the source gNB-CU-UP provided by the target gNB-CU-UP upon request from the target gNB-CU-CP. Again, propagating forwarding TNL info itself is sufficient for DRB-level forwarding, but insufficient for PDU session forwarding as it is not clear which QoS flow admitted needs to be forwarded or not. 
Observation 4: Currently, per QoS flow DL forwarding acceptance (if any) is NOT informed to the source gNB-CU-UP.

In summary, both the source and target gNB-CU-UPs are blind on which QoS flow admitted is subject to DL forwarding over a PDU session tunnel if established.

Observation 5: Both the source and target gNB-CU-UPs are blind in which QoS flow admitted is subject to DL forwarding over PDU session tunnel if established.
Based on the considerations provided above, we believe that the above QoS flow DL forwarding issues over PDU session tunnel shall be corrected for HO involving gNB-CU-UP. 

Proposal 1: Correct the QoS flow DL forwarding over PDU session tunnel for HO involving gNB-CU-UP.
Below we provided a more detailed explanation based on the call flows for Inter-gNB handover involving gNB-CU-UP change in TS 38.401 [4],
----------------------------------------------------------------------------------

8.9.4
Inter-gNB handover involving gNB-CU-UP change
Figure 8.9.4-1 shows the procedure used for inter-gNB handover involving gNB-CU-UP change. Overall inter-gNB handover procedure is specified in TS 37.340 [12].
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----------------------------------------------------------------------------------

at least, an IE should be defined in E1AP to indicate such list of QoS flows subject to data forwarding, so that the target gNB-CU-CP can use it (in step 2 of the Bearer Context Setup Request) to inform the target gNB-CU-UP of the flow list whose DL forwarding has been requested. Similarly, an IE should be defined so that the source gNB-CU-CP can use it (in step 7 of the Bearer Context Modification Request) to inform the source gNB-CU-UP of the flow list whose DL forwarding has been accepted.

Since Data Forwarding Information Request IE has been already defined for the gNB-CU-CP to use for data forwarding purposes, we propose to add an optional sub-IE to indicate such list of QoS flows subject to PDU session forwarding which can be used in both cases.
Proposal 2: Add an optional sub-IE within Data Forwarding Information Request IE to indicate a list of QoS flows that can be used by the target gNB-CU-CP to inform those forwarding requested and also can be used by the source gNB-CU-CP to inform those forwarding accepted, over PDU session tunnel.
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Conclusions and proposals

In the present contribution we make the following observations:

Observation 1: Currently, per QoS flow DL forwarding is NOT informed to the target gNB-CU-UP.

Observation 2: Once QoS flows are admitted whose PDU session forwarding TNL is requested, the target gNB-CU-UP has to assume that they are forwarded over PDU session tunnel except ones mapped to a DRB with DL forwarding requested.

Observation 3: A significant delay could be incurred for a QoS flow mapped to a DRB without DL forwarding requested and not subject to DL forwarding at all.

Observation 4: Currently, per QoS flow DL forwarding acceptance (if any) is NOT informed to the source gNB-CU-UP.

Observation 5: Both the source and target gNB-CU-UPs are blind in which QoS flow admitted is subject to DL forwarding over PDU session tunnel if established.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Correct the QoS flow DL forwarding over PDU session tunnel for HO involving gNB-CU-UP.
Proposal 2: Add an optional sub-IE within Data Forwarding Information Request IE to indicate a list of QoS flows that can be used by the target gNB-CU-CP to inform those forwarding requested and also can be used by the source gNB-CU-CP to inform those forwarding accepted, over PDU session tunnel.
The corresponding TP to BL CR for TS 38.463 [5] is provided in Section 5.
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TP to BL CR for TS 38.463
----------------------------- First Change ----------------------------------------
9.3.2.5
Data Forwarding Information Request

This IE offers the possibility for the gNB-CU-CP to request data forwarding addresses to the gNB-CU-UP. It also offers the possibility for the gNB-CU-CP to provide data forwarding addresses or a list of QoS flows subject to PDU session forwarding, e.g., to the target gNB-CU-UP for handover.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Data Forwarding Request
	O
	
	ENUMERATED (UL, DL, both, …)
	

	UL Data Forwarding 
	O
	
	UP Transport Layer Information 

9.3.2.1
	

	DL Data Forwarding 
	O
	
	UP Transport Layer Information 

9.3.2.1
	

	QoS Flow List subject to PDU session DL forwarding
	O
	
	QoS Flow List

9.3.1.12
	This IE can be included only if the Data Forwarding Information Request is used for a PDU Session.


-----------------------------  Next Change ----------------------------------------
-- D

Data-Forwarding-Information-Request
::=
SEQUENCE {


data-Forwarding-Request




Data-Forwarding-Request
OPTIONAL,


uL-Data-Forwarding





UP-TNL-Information

OPTIONAL,


dL-Data-Forwarding





UP-TNL-Information

OPTIONAL,

qoS-Flow-List-PDU-Session-DL-Forwarding
QoS-Flow-List


OPTIONAL,

iE-Extensions






ProtocolExtensionContainer { { Data-Forwarding-Information-Request-ExtIEs } }
OPTIONAL,


...

}

Data-Forwarding-Information-Request-ExtIEs

E1AP-PROTOCOL-EXTENSION ::= {


...

}

