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1 Introduction

During RAN2#96, RAN2 discussed  a number of aspects related to reflective QOS (RQ) and came to the following agreements:
Agreements

1
For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs.

2
The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly.
3
RRC can configure an uplink mapping 

FFS The precedence of the RRC configured mapping and reflective QoS (e.g. can reflective QoS update an RRC configured mapping)

Working assumption:


If an incoming UL packet does not match a QoS Flow ID to DRB mapping (neither a configured nor a determined via reflective QoS), the UE shall map that packet to the default DRB of the PDU session.


In this contribution we would like make some further progress w.r.t. how AS can handle a new QOS flow.
2 Reducing UE Reflective QOS processing load
Looking at RQ processing as a whole, we assume it is clear that the UE is expected to take the following two independent actions when receiving a DL packet subject to RQ processing 
:
· Action 1 (AS):


· For the received QOS flow id, update/add the QOSflow->DRB mapping to the DRB on which the DL packet was received.
· Action 2 (NAS):


· For the received IP flow, update/add the IPflow->QOSflow mapping to the QOS flow id with which the DL packet was received (potentially removing the IP flow from one UL TFT, adding the IP flow to another UL TFT).


If every DL packet has to be considered for reflective QOS processing, this would mean that for every received DL packet the UE would have to perform multiple look-ups and potential make updates to table entries. Considering that NR is intended to support DL data rates of up to 20Gbps, which would imply arrival of up to 1.6 million IP packets per second (assuming 1500B packets). It should be clear that performing these actions for every received DL packet will bring a considerable processing burden to the UE.
Performing these actions for every DL packet can also be considered unnecessary. Switching the mapping for an IP flow should only happen when there is a change in QOS demand which seems in general quite unlikely for an existing IP/QOS flow. Furthermore, switching a QOS flow from one DRB to another DRB may cause out of sequence delivery if we assume there is no overall PDCP entity to ensure in sequence delivery. Therefore changing DRB for an IP flow or QOS flow should not be done too frequently.

A relatively simple solution to limit the UE processing burden for reflective QOS can be achieved by having an inband marking in the DL packet to indicate whether the UE should/should not process the packet for RQ. Only if the marking is present, the UE has to perform the actions described above.
The inclusion of the QOS flow id in DL packets is only required for RQ actions. I.e. if there is no RQ action for the UE to take on the DL packet, there is no reason to include the QOS flow id in the packet. Therefore it seems straightforward to use the inclusion of the QOS flow id as indicator that the packet is subject to RQ processing.
Proposal 1: 
Inclusion of the QOS flow id in DL packets over Uu is optional. Inclusion of the QOS flow id in DL packets indicates that the packet is subject to RQ processing. I.e. only when a DL packet includes the QOS flow id, the UE takes AS and NAS actions related to reflective QOS.
3 New QOS flow: first packet is DL packet

When a new QOS flow is to be used to/from a UE, there are several aspects the UE should be configured with for this QOS flow:

i. Authorisation: 
· Is the UE allowed to use this QOS flow/IP flow in UL ?

ii. Mapping: 
· What QOS flow should be used for an UL IP flow, what DRB should be used by the QOS flow ?

iii. QOS profile: 
· What are the required QOS characteristics ?


In our understanding, in the simplest case there is no QOS flow specific information the network has to preconfigure/pre-authorise the UE with when the network wants to starts using a new QOS flow with a DL packet. I.e. relying on reflective QOS:

i. Authorisation: 
The fact that the UE received a packet in DL with a certain QOS flow id marking can be seen as indication that the UE is allowed to use the QOS flow/IP flow in UL.
ii. Routing:
The DL packet will indicate what IP flow to add to the QOS flow (UL TFT) and on what DRB to handle the QOS flow.
iii. Quality of Service: 
If the DL packet is received over a certain DRB, and considering that the DRB represents the total QOS (i.e. delay, GBR, loss,….), there are no QOS flow specific QOS parameters to (pre-) configure the UE with. I.e. it will be necessary to inform the RAN about the QOS profile (since the RAN is to establish/configure the DRB), but no need to inform the UE about the QOS profile (UE is configured with a DRB including related parameters by RAN).
Proposal 2: 
When the network wants to use a new QOS flow with a first DL packet, relying on Reflective QOS, in the most simple case there are no QOS flow specific parameters that have to be (pre-) configured for this UE, i.e. all relevant parameters can be determined by reflective QOS. 

4 New QOS flow: first packet is UL packet

4.1 Overview


A more typical situation may be that a new QOS flow is triggered by a first UL packet of a new IP flow. In this situation, we assume that w.r.t. UE the following 4 cases have to be considered:

Case I: Dedicated QOS flow – NAS configured & AS configured
· New IP flow is part of UL TFT of (pre-)authorised non-default QOS flow

· UE is configured with QOS flow -> DRB mapping for this non-default QOS flow
· DRB exists

In this case there is a complete (pre-) configuration. The UE receives an UL packet belonging to the UL TFT of a non-default QOS flow, the UE can mark the packet with the non-default QOS flow id and transmit the UL packet on the configured DRB. 
Case II: Dedicated QOS flow – NAS configured & AS not configured
· New IP flow is part of UL TFT of (pre-)authorised non-default QOS flow

· UE is not configured with QOS flow -> DRB mapping for this non-default QOS flow
The UE behaviour for this case requires some more discussion (see section 4.2).
Case III: No dedicated QOS flow - Default QOS allowed
· New IP flow is part of UL TFT of default QOS flow

· UE is configured with QOS flow -> DRB mapping for this default QOS flow
· DRB exists

In this case if a new IP flow is started by the UE and it is part of the UL TFT for the default QOS flow, the packet will be sent with a default QOS flow id on the default DRB. Note that when detecting this packet, the UP GW may decide that subsequent packets of this IP flow shall be handled on a specific QOS flow and will mark subsequent DL packets with a specific QOS flow id. This may again trigger the DL RQ actions as described in section 3. 
Case IV: No dedicated QOS flow - Default QOS not-allowed

· New IP flow is part not part of any UL TFT, i.e. not part of UL TFT of default nor of non-default QOS flows.

In this case the IP packet is to be discarded.
Proposal 3a: 
When the UE wants to use a new QOS flow with a first UL packet, there are 4 different cases to consider. 

4.2 Case II: Dedicated QOS  flow– NAS configured & AS not configured
This case requires some more discussion. In principle can see two possible options for handling this case:

 Option A:  Temporary use default DRB
· As long as there is no DRB mapping configured for this QOS flow, the UE maps the packets to the default DRB.

· It is expected that the network (gNB) when detecting the new QOS flow will (possibly after establishing a new DRB) configure the UE with an appropriate mapping by either RRC or RQ.
 Option B:  Ask for AS configuration
· The UE will trigger an RRC procedure to request to get an appropriate QOSflow->DRB mapping

· Network will respond (potentially after/while configuring a new DRB) by configuring UE with the appropriate QOSflow->DRB mapping, after which packet is handled conform case I.
In table 1 we compare these two options on a number of aspects:
	
	Option A: 
	Option B: 
	Considerations

	1.Complexity
	Simpler
	More complex
	Option B will require a new RRC procedure for the UE to request the RAN to configure an appropriate UL mapping/AS configuration. 
In option A no additional RRC procedures are needed, i.e. dedicated QOS could be arranged as described in section 3 (arrival of  first DL packet with the concerning QOS flow id).

	2. All packets of QOS flow handle with appropriate QOS ?
	Cannot be guaranteed
	Can be guaranteed
	Option A cannot guarantee that all packets belonging to a QOS profile are handled with appropriate QOS (e.g. QOS flow demands a BLER of E-9 and the default DRB provides BLER of E-4).

Note that a RAN may use “CASE I” in such cases to overcome the Option A drawback.

	3. UL delay of initial packets ?
	Smaller
	Larger
	Since UL packets can immediately be transmitted in Option A, this option can ensure the smaller delays. Option B will introduce additional delays since UE has to wait for the updated AS config configured by RRC.

Note that a RAN may use “CASE I” in such cases to overcome the Option B drawback.

	4. In sequence delivery
	Cannot be guaranteed
	Guaranteed
	Option B can guarantee in-sequence delivery of UL packets to the application layer, since all UL packets are handled by the same DRB. This cannot be guaranteed for option A.
Note that if initially on an IP flow not many packets are exchanged (e.g. TCP) and the RAN can install the AS configuration before bulk UL packet transmission starts (preferably before second UL packet is to be transmitted), this drawback will not be severe.


Table 1: Option A-B comparison

In the last RAN2 there was a working assumption (see section 1; last line in agreement box) which could be explained as option A. The working assumption was not completely clear on which case it is really addressing (could also be addressing case III above). Given the analysis in Table 2, we think option B is preferable. However, we appreciate the simplicity of option A and can accept it if that is RAN2 preference, but it should not result in the introduction of additional re-ordering functionality to ensure in-sequence delivery (aspect 4), which would remove the simplicity benefit of option A.
Proposal 3b: 
In case II, the UE will trigger an RRC procedure to ask for an appropriate AS configuration (QOS flow-> DRB mapping, possibly new DRB). 

5 Conclusions
RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1: 
Inclusion of the QOS flow id in DL packets over Uu is optional. Inclusion of the QOS flow id in DL packets indicates that the packet is subject to RQ processing. I.e. only when a DL packet includes the QOS flow id, the UE has to take the AS and NAS actions related to reflective QOS.

Proposal 2: 
When the network wants to use a new QOS flow with a first DL packet, relying on Reflective QOS, in the most simple case there are no QOS flow specific parameters that have to be (pre-) configured for this UE, i.e. all relevant parameters can be determined by reflective QOS. 

Proposal 3: 
When the UE wants to use a new QOS flow with a first UL packet, there are 4 different cases to consider with behaviour as shown in table 2: 

	
	IP flow part of UL TFT of (pre-) configured  non-default QOS flow ?
	Non-default QOS flow -> DRB mapping (pre-) configured ?
	IP flow part of UL TFT of default QOS flow
	UE action

	1.
	Yes
	Yes
	Don’t care
	Tx IP packet on concerning DRB, marked with non-default QOSflow id

	2
	Yes
	No
	Don’t care
	UE request AS configuration with RRC procedure

	3
	No
	No
	Yes
	Tx IP packet on default DRB marked with default QOS flow id

	4
	No
	No
	No
	Discard packet


Table 2: Different cases for first packet of QOS flow in UL
� 	Note that since the actions are independent, it is not possible to map different IP flows of one QOS flow to different DRB’s.





�	Note that this case will only exist if SA2 allows the UL TFT for the default QOS flow id to not include a “match all” filter.





