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1. Introduction
In RAN3#112-e meeting we discussed the issue over “unmapped” QoS flows (as shown in Annex A of TS 38.300)[1], and achieved a few agreement[2], especially the following one:
Confirm that all of the cases shown in Annex A of TS 38.300 should be supported over Uu regardless of whether gNB-CU-CP/UP split architecture is adopted. It is FFS whether the unmapped DL flow should be configured in E1 interface or not when configured in NG interface.
In this contribution, we make further analysis on the possible solutions for unmapped DL QoS flows and provide proposals accordingly.
2. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Discussion
In the 5G NAS, user data are organised in the form of QoS flows, while over the Uu data are mainly delivered (especially scheduled) as DRBs. A new layer “SDAP”, compared to the E-UTRAN, is introduced to NG-RAN in order to perform QoS-flow-to-DRB mapping. Both downlink mapping and uplink mapping is maintained in the network side, i.e. in the NG-RAN, while only the uplink mapping is maintained in the UE side.
There are two possible types of QoS-flow-to-DRB mapping:
· The normal type, which can be configured differently for DL and UL, at the cost that the UL mapping has to be configured explicitly by RRC messages; and
· The reflective type, which need not be configured explicitly by RRC messages for the UL for at least some cases, at the cost that the DL mapping and the UL mapping has to be the same.
According to Annex A of TS 38.300, it is allowed that a QoS flow is not mapped toward any DRB as long as there is no data over it at present—at least over the Uu there is no DRB suitable to carry it.


Figure 1: Unmapped QoS flow.
This scenario is confirmed to be supported regardless of whether the gNB adopts a gNB-CU-CP/UP split architecture. And for the abovementioned two types of mapping (reflective or not), it is also a common understanding that both of them should be supported regardless of whether the gNB adopts a gNB-CU-CP/UP split architecture.
The most obvious problem for DL data of unmapped QoS flow is that the DL data arrives at the gNB-CU-UP (Step 1 in Annex A.3), while the RRC connection reconfiguration procedure should be triggered by the gNB-CU-CP (Step 2&3 in Annex A.3). There has to be a message sent from the gNB-CU-UP toward the gNB-CU-CP between these two steps. However no current signalling supports this function.
Currently there is a method upon uplink packets arrival for the gNB-CU-UP to inform the gNB-CU-CP the packets of what QoS flow arrive:
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<quote start>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
[bookmark: _Toc20955578][bookmark: _Toc29461013][bookmark: _Toc29505745][bookmark: _Toc36556270][bookmark: _Toc45881728][bookmark: _Toc51852366][bookmark: _Toc56620317][bookmark: _Toc64447957]9.2.2.16	UL DATA NOTIFICATION
This message is sent by the gNB-CU-UP to provide information about the UL data detection to the gNB-CU-CP.
Direction: gNB-CU-UP  gNB-CU-CP
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	gNB-CU-CP UE E1AP ID
	M 
	
	9.3.1.4
	
	YES
	reject

	gNB-CU-UP UE E1AP ID 
	M
	
	9.3.1.5
	
	YES
	reject

	PDU Session To Notify List
	
	1
	
	
	YES
	reject

	>PDU Session To Notify Item
	
	1..<maxnoofPDUSessionResource>
	
	
	-
	-

	>>PDU Session ID 
	M
	
	9.3.1.21
	
	-
	-

	>>QoS Flow List 
	M
	
	9.3.1.12
	
	-
	-


<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<quote end>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
Thus what we need to do is simply to copy the “PDU Session To Notify List” IE into the existing E1AP DL DATA NOTIFICATION message (although the latter message was originally designed to trigger RAN paging upon downlink data arrival, it can be reused here for sure).
Proposal 1: A new IE “PDU Session To Notify List” should be added into the E1AP DL DATA NOTIFICATION message.
The next question is how should the gNB-CU-UP distinguish such case, i.e. the DL packet belongs to a QoS flow not mapped over the Uu—it depends on what information is provided toward the gNB-CU-UP when setting up (or modifying) the bearer context for the related PDU session. This is exactly where opinion splits during the e-mail discussion in RAN3#102-e meeting.
According to the offline discussion, there are at least two possible options.
Option 1: The gNB-CU-CP does not include this QoS flow at all within any “QoS Flows Information To Be Setup” of “DRB To Setup Item” structure (or the “Flow Mapping Information” of “DRB To Modify Item” structure) sent toward the gNB-CU-UP. When a DL packet of this QoS flow arrives, the gNB-CU-UP can distinguish such case by checking whether this QoS flow is configured for it or not. The gNB-CU-UP can anyhow, based on its implementation, send the DL packet over any existing DRB if it wishes (just like that the UE using the default DRB), before receiving an E1AP BEARER CONTEXT MODIFICATION REQUEST message from the gNB-CU-CP informing the mapping rule. The signalling flow will look like the following:


Figure 2: Option 1 for Case 1.
Option 2: The gNB-CU-CP decides what DRB should contain this QoS flow when receiving the flow’s profile from the SMF, configures it toward the gNB-CU-UP within the corresponding “QoS Flows Information To Be Setup” of “DRB To Setup Item” structure (or the “Flow Mapping Information” of “DRB To Modify Item” structure), but does not inform the UE or the gNB-DU. For instead, the gNB-CU-CP adds a tag per QoS flow (and maybe an additional set of DRB QoS parameter) in the aforementioned E1AP message, telling the gNB-CU-UP that the mapping for this QoS flow is yet not informed to the UE nor to the gNB-DU. When a DL packet of this QoS flow arrives, the gNB-CU-UP can distinguish such case by checking whether this QoS flow is tagged or not. The signalling flow will look like the following:


Figure 3: Option 2 for Case 1.
Someone may argue that for Option 2 this mapping should be informed toward the gNB-DU as well, and thus the F1-U tunnel can be established upon setting up. However, this method, called “Option 2bis” for convenience, comes at the cost of introducing a tag over F1AP as well so that the gNB-DU will not include the DRB not established over the Uu into the RRC CellGroupConfig which it generates. And on the other side, it does not reduce any time delay compared to Option 2. So we think this approach has no relative benefit and should be precluded.


Figure 4: Option 2bis for Case 1.
Between Option 1 and Option 2, Option 1 is more preferable in our opinion, according to the comparison below:
[bookmark: _Ref53480536]Table 1: Comparison between options on how to handle DL Uu-unmapped QoS flow on E1AP upon N1/N2 establishment
	
	Option 1:
No mapping over E1
	Option 2:
Mapped to intended DRB

	Whether the PDCP/SDAP configuration provided to the gNB-CU-UP is aligned the one provided to the UE
	Yes.
	No.

	Time delay between reception of DL data at the gNB-CU-UP and sending the DL data over the Uu
	Ordinarily 1 RTT of Uu + 1.5 (or 2.5) RTT of F1AP + 1.5 RTT of E1AP, but can be reduced to 0.5 RTT of F1-U by using an existing DRB.
	Ordinarily 1 RTT of Uu + 1.5 (or 2.5) RTT of F1AP + 0.5 RTT of E1AP, but can be reduced to 0.5 RTT of F1-U by using an existing DRB.

	Change on spec
	No change on ASN.1 except the one proposed in Proposal 1.
	Besides the one proposed in Proposal 1, a new tag is also needed to be introduced into E1AP.

	When to determine QoS-flow-to-DRB mapping
	Upon data arrival, i.e. more flexible.
	The gNB-CU-CP has to make the decision once the QoS flow is requested to be set up by the SMF, i.e. less flexible.



Although Option 1 has some drawback on time delay for the “ordinary” signalling flow, this is not a critical issue as the relative delay amount is not large, and can be avoided by temporarily using an existing DRB, as what the UE will do when handling the UL data. On the other side, Option 2 complicates the alignment over Uu, requires more change over ASN.1, and is less flexible.
Therefore, Option 1 should be recommended.
Proposal 2: For the case described in Annex A.2/A.3 of TS 38.300, the initial state (i.e. Step 0) is recommended to be “the considered QoS flow is not configured toward the gNB-CU-UP” if gNB-CU-CP/UP split architecture is adopted.
Proposal 3: The gNB-CU-UP triggers DL Data Notification procedure when receiving from the UPF of a packet which belongs to a QoS flow not configured in the gNB-CU-UP.
3. Conclusion
Proposal 1: A new IE “PDU Session To Notify List” should be added into the E1AP DL DATA NOTIFICATION message.
Proposal 2: For the case described in Annex A.2/A.3 of TS 38.300, the initial state (i.e. Step 0) is recommended to be “the considered QoS flow is not configured toward the gNB-CU-UP” if gNB-CU-CP/UP split architecture is adopted.
Proposal 3: The gNB-CU-UP triggers DL Data Notification procedure when receiving from the UPF of a packet which belongs to a QoS flow not configured in the gNB-CU-UP.
Based on abovementioned proposals, we draft CR in [3]
4. Reference
[1] R3-211694 Discussion on E1AP handling for unmapped flows in DL  CATT, Intel Corporation, Huawei, China Telecom
[2] R3-212737 Summary of offline discussion on CB # 111_UnmappedQoSflowsDisaggregated CATT
[3] R3-213496 CR on E1AP handling for unmapped and reflective QoS flows; CATT, Intel Corporation, Huawei, China Telecom
[4] R3-213512 CR for 38.460 on E1AP handling for unmapped DL QoS flows; Intel Corporation, CATT, Huawei
5. Annex: Annex A of TS 38.300
Annex A (informative):
QoS Handling in RAN
A.1	PDU Session Establishment
The following figure shows an example message flow for a PDU session establishment. NAS procedures details between gNB and 5GC can be found in TS 23.501 [3], TS 23.502 [22] and TS 38.413 [26].


Figure A.1-1: PDU session establishment
1.	UE requests a PDU session establishment to AMF.
2.	AMF sends a PDU SESSION RESOURCE SETUP REQUEST message to gNB, which includes the NAS message to be sent to the UE with NAS QoS related information.
3.	gNB sends an RRCReconfiguration message to UE including the configuration of at least one DRB and the NAS message received at Step 2.
4.	UE establishes the DRB(s) for the new PDU session and creates the QFI to DRB mapping rules.
5.	UE sends an RRCReconfiguration Complete message to gNB.
6.	gNB sends a PDU SESSION RESOURCE SETUP RESPONSE message to AMF.
7.	User Plane Data can then be exchanged between UE and gNB over DRB(s) according to the mapping rules and between UPF and gNB over the tunnel for the PDU session. QFI marking over Uu is optional (see clause 12) while QFI marking over NG-U is always present.
A.2	New QoS Flow with RQoS
The following figure shows an example message flow when RQoS is used for a new QoS flow. In this example, the gNB receives from UPF a first downlink packet associated with a QFI for which the QoS parameters are known from the PDU session establishment, but for which there is no association to any DRB yet in AS.


Figure A.2-1: DL data with new QFI sent over existing DRB
0.	PDU session and DRB(s) have been already established.
1.	gNB receives a downlink packet with a new QFI from UPF.
2.	gNB decides to send the new QoS flow over an existing DRB.
NOTE:	If gNB decides to send it over a new DRB, it needs to establish the DRB first.
3.	gNB sends the DL packet over the selected DRB with the new QFI and RDI set in the SDAP header.
4.	UE identifies the QFI and RDI in the received DL packet and the DRB on which the packet was received. The AS mapping rules are then updated accordingly.
5.	User Plane Data for the new QoS flow can then be exchanged between UE and gNB over the DRB according to the updated mapping rules and between UPF and gNB over the tunnel for the PDU session.
A.3	New QoS Flow with Explicit RRC Signalling
The following figure shows an example message flow when explicit RRC signalling is used for a new QoS flow. In this example, the gNB receives from UPF a first downlink packet associated with a QFI, for which the QoS parameters are already known from the PDU session establishment, but for which there is no association to any DRB yet in AS.


Figure A.3-1: DL data with new QFI sent over existing DRB
0.	PDU session and DRB(s) have been already established.
1.	gNB receives a downlink packet with a new QFI from UPF.
2.	gNB decides to send the new QoS flow over an existing DRB using explicit RRC signalling for updating the AS mapping rules.
3.	gNB sends an RRCReconfiguration message to UE with the new QFI to DRB mapping rule. gNB may also decide to update the DRB configuration if required to meet the QoS requirements for the new QoS Flow.
4.	UE updates the QFI to DRB mapping rules and configuration (if received).
5.	UE sends an RRCReconfigurationComplete message to gNB.
6.	User Plane Data for the new QoS flow can then be exchanged between UE and gNB over the DRB according to the updated mapping rules and between UPF and gNB over the tunnel for the PDU session.
A.4	New QoS Flow with Explicit NAS Signalling
The following figure shows an example message flow when the gNB receives a new QoS flow establishment request from CN that involves NAS explicit signalling. The QoS flow establishment request provides the gNB and UE with the QoS parameters for the QFI. In this example, the gNB decides to establish a new DRB (rather than re-use an existing one) for this QoS flow and provides the mapping rule over RRC signalling. NAS procedures details between gNB and 5GC can be found in TS 23.501 [3], TS 23.502 [22] and TS 38.413 [26].


Figure A.4-1: DL data with new QoS Flow ID sent over new DRB with explicit signalling
0.	PDU session DRB(s) have been already established.
1.	gNB receives a PDU SESSION RESOURCE MODIFY REQUEST message from AMF for a new QoS flow.
2.	If gNB cannot find an existing DRB to map this new QoS flow, it decides to establish a new DRB.
3.	gNB sends an RRCReconfiguration message to UE including the DRB configuration with the new QFI to DRB mapping rule and the NAS message received at step 1.
4.	UE establishes the DRB for the new QoS flow associated with this PDU session and updates the mapping rules.
5.	UE sends an RRCReconfigurationComplete message to gNB.
6.	gNB sends a PDU SESSION RESOURCE MODIFY RESPONSE message to AMF.
7.	User Plane Data can then be exchanged between UE and gNB over DRB(s) according to the mapping rules and between UPF and gNB over the tunnel for the PDU session.
A.5	Release of QoS Flow with Explicit Signalling
The following figure shows an example message flow when the gNB receives a request to release a QoS flow from CN that involves explicit NAS signalling. NAS procedures details between gNB and 5GC can be found in TS 23.501 [3], TS 23.502 [22] and TS 38.413 [26].


Figure A.5-1: Release of QoS Flow with Explicit Signalling
0.	PDU session and DRB(s) have been already established.
1.	gNB receives a PDU SESSION RESOURCE MODIFY REQUEST message from AMF to release a QoS flow.
2.	The gNB decides to release corresponding the QFI to DRB mapping rule. Since the DRB also carries other QoS flows, the DRB is not released.
3.	gNB sends an RRCReconfiguration message to UE to release the QFI to DRB mapping rule.
4.	UE updates the AS QFI to DRB mapping rules to release this QFI to DRB mapping rule.
5.	UE sends an RRCReconfigurationComplete message to gNB.
6.	gNB sends a PDU SESSION RESOURCE MODIFY RESPONSE message to AMF.
A.6	UE Initiated UL QoS Flow
The following figure shows an example message flow when the UE AS receives an UL packet for a new QoS flow for which a QFI to DRB mapping rule does not exist.


Figure A.6-1: UL packet with a new QoS flow for which a mapping does not exist in UE
0.	PDU session and DRBs (including a default DRB) have been already established.
1.	UE AS receives a packet with a new QFI from UE NAS.
2.	UE uses the QFI of the packet to map it to a DRB. If there is no mapping of the QFI to a DRB in the AS mapping rules for this PDU session, then the packet is assigned to the default DRB.
3.	UE sends the UL packet on the default DRB. The UE includes the QFI in the SDAP header.
4.	gNB sends UL packets to UPF and includes the corresponding QFI.
5.	If gNB wants to use a new DRB for this QoS flow, it sets up one. It can also choose to move the QoS flow to an existing DRB using RQoS or RRC signalling (see clauses A.2 and A.3).
6.	User Plane Data for the new QoS flow can then be exchanged between UE and gNB over the DRB according to the updated mapping rules and between UPF and gNB over the tunnel for the PDU session.
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