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1. Introduction
Annex A of TS 38.300, entitled with “QoS Handling in RAN”, contains a few example signalling flows on how to handle QoS flows within NG-RAN, especially over the topic of QoS-flow-to-DRB mapping. Section A.1, A.4 and A.5 therein mention adding or removing QoS flows in both NAS and AS, while Section A.2, A.3 and A.6 focus on QoS flows that are already established in the NAS layer, but not mapped to a DRB yet for at least one direction.
In this TDoc, we would like to provide our understanding and proposals on how to handle such unmapped DL QoS flows under the gNB-CU-CP/UP split architecture.
2. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Discussion
2.1. QoS flows mapped to no DRB
In 5G NAS, user data is carried in the form of QoS flows, while, over Uu, user data is delivered (especially scheduled) as DRBs. A new layer “SDAP”, compared to 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 NG-RAN, while only the uplink mapping is maintained in the UE side.
According to Annex A of TS 38.300, it is allowed that a QoS flow is not mapped on any DRB as long as there is no corresponding data at present. This reflects an agreement in the RAN2#97 meeting [1]:
Agreements
1:	RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE) for QoS Flow configured during PDU Session Establishment could be done NOT at the same time as PDU Session Establishment. (up to eNB implementation)

2	Working assumption from RAN2#96 is confirmed. i.e. First UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.

And such agreement is achieved in the context of R2-1701991 [2], in which it is stated:
	Case 1: 	First UL packet does not match any “QoS Flow to DRB”s mapping, but has a matched “IP Flow to QoS Flow”s mapping
Based on the 2 level bearer and flow mapping, the RAN determines the mapping of QoS flows to DRBs, and NAS is responsible for the mapping of IP-flows to QoS flows. Upon the PDU Session Establishment triggered by the CN, the RAN establishes at least one default DRB for each PDN Session.  Looking at the illustration in figure 1, let us assume that the CN indicate to the RAN, a QoS rules which consist of 2 QoS flows IDs for one PDN Session. The RAN decides to map each QoS flow ID to a different DRB, one DRB (DRB#1) is the default one, and one is the non-default one (DRB#2). Upon the PDN Session Establishment timing, the eNB may:
- indicate the mapping of 1 set of QoS Flow ID to DRB ID (default), and establish the default DRB, or
- indicate the mapping of  2 sets of “QoS Flow ID to DRB ID”s (one being a default DRB ID) , and establish both the default DRB and non-default DRB
In the former case, the RAN may decide to establish the non-default DRB when the concerning UP packet with the associated QoS Flow ID arrives.
Observation 1: 	The establishment timing of non-default DRB of a configured QoS Flow ID could be up to eNB implementation.



The example raised in R2-1701991 can be interpreted as following:
· One PDU Session contains two QoS flows.
· The gNB establishes only one DRB with only one QoS flow mapped to it. The other QoS flow remains unmapped.
Therefore, we can understand that the agreement highlighted above intends to be applicable regardless of transmitting direction.


Figure 1: Unmapped QoS flow.
Based on this agreement, RAN2 added Annex A into TS 38.300 during the RAN2#98 meeting [3][4]. It is suggested to be an informative annex during the RAN2#97-bis meeting only because “they result from the existing agreements” [5]. Within Annex A, Section A.2 and A.3 describes the case when DL packets arrive over unmapped QoS flows, and Section A.6 describes the case when UL packets arrive over unmapped QoS flows.
Observation 1: NG-RAN may decide (temporarily) not to map all QoS flows toward DRBs, i.e. some QoS flows may be left unmapped at a given point of time and only to be mapped upon packet arrival, and this applies to both directions.
But for gNB-CU-CP/UP split architecture, we found that this feature is not fully supported yet for both DL and UL. The scenarios for DL and UL are different, and the DL scenario is analysed in this contribution while UL scenario is analysed in [6]
Gap for DL: When DL packets of an unmapped QoS flow arrive at gNB-CU-UP, it is not possible for gNB-CU-UP to inform gNB-CU-CP of which QoS flow arrived for the first time, which blocks the following steps i.e. from step 2 to step 5 shown in Annex A.2 and A.3 of TS 38.300.
Observation 2: There is a gap in E1AP on how to handle packet arrival of unmapped DL QoS flows.
Currently there is a method upon uplink packet arrival for gNB-CU-UP to inform gNB-CU-CP of which QoS flow arrived:
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<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, surely it can be reused here).
Proposal 1: In order to fill the gap of “how to inform gNB-CU-CP of which DL QoS flow arrived” (so that Annex A.2/A.3 of TS 38.300 can be supported), a new IE, PDU Session To Notify List, should be added into the E1AP DL DATA NOTIFICATION message.
And how should gNB-CU-UP distinguish such case? That is, how can gNB-CU-UP determine that the DL packet arrived belongs to a QoS flow not mapped over the Uu? There are two possible options:
Option 1: The gNB-CU-CP can decide not to include this QoS flow at all within any “QoS Flows Information To Be Setup” of “DRB To Setup Item” structure, when setting up the PDU session. The gNB-CU-UP can then distinguish such case by checking whether the QoS flow for which the DL packet belong to is included in the established DRBs or not.
Option 2: The gNB-CU-CP can include this QoS flow into the default DRB when setting up PDU session. The gNB-CU-UP will then send an E1AP DL DATA NOTIFICATION message toward the gNB-CU-CP upon receiving a DL packet belonging to any QoS flow in the default DRB.
From our point of view, Option 1 is clearly the more suitable approach, according to the comparison below:
[bookmark: _Ref53480536]Table 1: Comparison among 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 default DRB

	Alignment with Uu
	Yes.
	Partly.

	Performance
	No impacts on other flows.
	Also affects other QoS flows on the default DRB if any, i.e. the DL QoS flows for which is really mapped onto the default DRB. A useless DL DATA NOTIFICATION message could be sent from CU-UP to CU-CP

	Change on spec
	No change on ASN.1.
	No change on ASN.1, but it is not aligned with the purpose of default DRB, i.e., used for unmapped UL flow.

	When to determine QoS-flow-to-DRB mapping
	Upon data arrival.
	Upon data arrival.



Therefore, Option 1 should be recommended.
Proposal 2: For unmapped DL QoS flows, the gNB-CU-CP does not include them into the E1AP request message sent toward the gNB-CU-UP when establishing the PDU session. No spec change is foreseen for this.
3. Conclusion
Observation 1: NG-RAN may decide (temporarily) not to map all QoS flows toward DRBs, i.e. some QoS flows may be left unmapped at a given point of time and only to be mapped upon packet arrival, and this applies to both directions.
Observation 2: There is a gap in E1AP on how to handle packet arrival of unmapped DL QoS flows.
Proposal 1: In order to fill the gap of “how to inform gNB-CU-CP of which DL QoS flow arrived” (so that Annex A.2/A.3 of TS 38.300 can be supported), a new IE, PDU Session To Notify List, should be added into the E1AP DL DATA NOTIFICATION message.
Proposal 2: For unmapped DL QoS flows, the gNB-CU-CP does not include them into the E1AP request message sent toward the gNB-CU-UP when establishing the PDU session. No spec change is foreseen for this.
Based on above mentioned proposals, two Stage-2 CRs (Rel-15 and Rel-16 each) and two Stage-3 CRs are provided in [7–10].
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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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