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1
Introduction
During the Next Radio study item phase, RAN WG2 discussed and captured a number of agreements regarding new QoS framework [1]. In particular, as per SA WG2 decision, the core network detects and assigns so called QoS flow ID to incoming packets within the PDU session, while RAN establishes and maps different QoS flows into different radio bearers.
As was further discussed in RAN WG2, it is not only the gNB, but also a UE that needs to know to which QoS flow a particular packet belongs to perform certain actions. In other words, the gNB node must be able to include the corresponding information into the DL packets; and same is for the UE in the UL direction. After the RAN2#98 meeting several agreements were made, but RAN WG2 did not make a final decision on the format and structure of the SDAP header

Agreements of SDAP headers
1. The QoS flow ID is presence once the AS reflective QoS is active.  FFS whether it is always present.    

2. gNB should be informed when NAS layer reflective QoS is activated (e.g. can be used).  It is FFS how we handle NAS reflective QoS and dependent on how/when it will be provided.

3. RAN2 will support a mode in which SDAP header is not present and is configured per DRB.  If configured, FFS how the different fields are handled.  

In this contribution we express our further views regarding several major options may look like and which one should be adopted. 
2
SDAP header format
Before delving into the details of how the SDAP structure may look like, it is worth noting that RAN WG2 already made a decision that the SDAP header can be completely absent, and this mode of operation is referred to as "SDAP transparent mode". In other words, unless explicitly configured by RRC on the per DRB basis, a UE should not expect presence of any SDAP related information.

If the SDAP header is/might be present for a particular DRB, then it should be noted that one of the premise ideas of the SDAP header is to convey information on which QoS flow ID a particular packet belongs to. It is accomplished by means of including the corresponding QoS flow ID (QFI) field into the packet header. At the same time, as was proposed by several proponents and was already confirmed by RAN WG2, there are cases when this QoS flow ID can be absent, i.e. it is not the case that the QoS flow ID must be always included. Based on that the following major options can be considered:

-
fully static SDAP header;
-
semi-static SDAP header (with a mandatory part and optional part);

-
fully dynamic SDAP header (the whole header can be absent).

2.2
Fully static SDAP header
As follows from the name of this option, the premise idea is that the SDAP header is fully static, i.e. once it is configured it has the fixed size. Based on that, exemplary structure of the SDAP header may look like presented in Figure 1 below. It should be noted that since the QFI field is always present in this solution, there is no way for the UE to know whether it needs to update its mapping rules as triggered by reflective QoS. As a result, there should be another field, hence referred to as "R" field, which will be set by gNB in those cases when a UE needs to update its reflective QoS associations.
	R
	reserved
	
	octet 1

	QFI 
	
	octet 2..N


Figure 1: Exemplary structure of the fully static SDAP header (if configured).
As already elaborated in several contributions, the benefit of this solution is that the SDAP header has a fixed structure that simplifies UE implementation in a sense that it can read immediately the whole header without taking additional actions on understanding the overall structure. The downside is that the whole SDAP header will be present for every PDCP SDU sent on a particular DRB. 
2.2
Semi-static SDAP header
In case of semi-static SDAP header, the final header structure may look as presented below. The SDAP header will comprise the fixed 1-octet part, that will contain the "Q" field indicating whether the QoS flow ID (QFI) information is present. If the "Q" field is set that it means that the fixed 1-octet part is followed by the QFI field (which will occupy N octets depending on the final decision from RAN WG2 and SA WG2).

It is bears noting that "Q" field implicitly serves two purposes: it indicates presence of the QFI field and at the same time it asks a UE to update reflective QoS mapping information. As already discussed in RAN WG2, the only reason why a UE needs to receive explicitly the QoS flow ID value is to be able to update its association between the IP flow, QoS flow ID and DRB. Otherwise, the QoS flow ID field is not needed.
	Q
	reserved
	
	octet 1

	QFI (optional)
	
	octet 2..N


Figure 2: Exemplary structure of the semi-static SDAP header (if configured).
When compared to other options, this solution provides a good trade-off between overhead and flexibility. On the one hand, we do not need to attach QoS flow ID field into every PDCP SDU because reflective QoS actions should be triggered only once at the UE side – once the UE updates its mapping information the QoS flow ID is not needed anymore. The downside of this approach is that a UE will need to take more actions with regards to reading first the fixed 1-octet part before it can understand whether the QFI field is present and where the PDCP PDU starts.
2.3
Fully dynamic SDAP header

As follows from the name, the SDAP header can be completely absent, presence/absence of which will be indicated by the corresponding control bits in e.g. the PDCP header. In that sense, this solution is very close to the one present in section 2.2 above with the only difference that the corresponding "presence" bit will reside in the PDCP header, not in the fixed part in the beginning of the SDAP header. The resulting SDAP header can be as simple as the one containing only the QFI field. However, one can also consider adding 1-octet header for additional control information, if so needed in the future.
	reserved
	
	octet 1

	QFI 
	
	octet 2..N


Figure 3: Exemplary structure of the fully dynamic SDAP header (if present).
The advantage of this solution is that it results in the lowest overhead amongst all the options considered in this document. If QoS flow ID information is not needed, then nothing is included into the PDCP SDU. The downside is exactly the same as with option 2.2 – a UE will have to take additional actions before it can understand what the packet header structure is. Furthermore, this approach breaks some logical principles of building protocol layers as now the PDCP layer has to convey some information specific to another layer.
2.4
Summary of presented solutions

Referring back to all the major solutions presented in sections 2.1-2.3, it is possible to note that the difference between them is rather marginal. Each solution has to convey the QoS flow ID and some indicator (either implicit or explicit) on whether a UE needs to update its mapping information triggered by reflective QoS. 
As already noted above, the biggest concern with the fully static approach is that it creates a constant additional overhead for every PDCP SDU sent by the network (and by the UE in the UL direction). Furthermore, even though the gNB is anticipated to know that CN might use reflective QoS, it does not know whether the CN will actually use it. In other words, the gNB will resort for activating the SDAP header, but it may turn out that it is never used because either there is just one QoS flow, and/or all the detected IP flows get the best effort QCI in the core network, and/or all the QoS flows still go to the same default best-effort DRB as decided by RAN. At the same time, semi- static approach will cause additional steps that a UE will need to take to analyze whether the QFI field is present or not.
It also bears noting that the final decision with regards to which option to take shall account for the QoS flow ID size. If it is as small as 1 octet, then the one can argue that the overall overhead is rather marginal if the SDAP header is included and present for every PDCP SDU. Otherwise, if it is concluded that a larger QoS flow ID size is needed, then a semi-static SDAP header might be a better option.
Proposal 1:
Down-select between fully static and semi static SDAP header formats.
3
Other considerations
3.1
Reflective QoS indicator in the SDAP header

Based on the contributions submitted to the RAN#98 meeting, two major approaches exist with regards to how many bits we need to trigger reflective QoS actions at the UE side. Architecturally, there are two levels of mapping: IP_flow-to-QoS_flow, and QoS_flow-to-DRB. Since these mappings can be in principle updated independently from each other, it gives some motivation to introduce two separate bits for the reflective QoS actions in the SDAP header covering the following scenarios. 

1.
A UE is asked to update both IP_flow-to-QoS_flow and QoS_flow-to-DRB mapping. The most anticipated scenario is when a new IP flow arrives, which gets classified into a new QoS flow and a (possibly new) DRB.

2.
A UE is asked to update only IP_flow-to-QoS_flow mapping. The most anticipated scenario is when a new IP flow arrives, but it is classified into the existing QoS flow, QoS_flow-to-DRB mapping for which already exists.

3.
A UE is asked to update only QoS_flow-to-DRB mapping. The most anticipated scenario is when the IP flow already exists and was already classified by CN, and RAN just needs to move this flow into a different DRB. 
Having analyzed all these scenarios, it is possible to arrive at the conclusion that all of them can be safely supported with a single bit in the SDAP header. In other words, when a certain packet arrives and the corresponding reflective QoS bit is set in the SDAP header, a UE will update/check both IP_flow-to-QoS_flow and QoS_flow-to-DRB mapping. Even though one can argue that it forces a UE to perform unnecessary actions, our understanding is that RAN WG2 already took a principle that we shall avoid triggering reflective QoS actions for every incoming packet and the network shall trigger them only when it is really needed, i.e. when something has to be updated.

Proposal 2:
The SDAP header has only 1 bit for reflective QoS (presence of which asks a UE to update/check both IP_flow-to-QoS_flow and QoS_flow-to-DRB mapping).
3.2
QoS flow ID size

The QoS flow ID size effectively determines how many different QoS flows the core network will be able to signal while sending data to RAN. As an example, if the QoS flow ID size is 1 byte, then up to 256 QoS flows could be signaled to gNB. Since QoS flow ID value is specific per a PDU session, 256 flows should be sufficient for most use cases, especially accounting for the fact that number of DRBs established per a UE will be much lower and will be governed by how many DRBs a UE can practically support. In other words, even though the core network can potentially detect and classify incoming data into up to 256 QoS flows, most of them will be mapped to the same DRB(s) sharing the same RLC and PDCP state machine. Based on that, 1 byte for the QoS flow ID should be sufficient for most cases, especially when a UE is a mobile phone or a similar kind of a device which will not be able to support a large number of DRBs.

Nevertheless, it is worth noting that a UE could be some form of the customer premise equipment serving multiple end devices with a number of flows per each device. For this scenario, the total number of QoS flows that the core network can identify may exceed 256. Extending the QoS flow ID size to 2 byte will allow for signaling up to 65,536 flows per a PDU session, which should cover all the major scenarios. If we assume that the QoS flow ID is optional and is present on the Uu interface only for the purpose of the reflective QoS, then having the QoS flow ID of 2 bytes will not cause any noticeable overhead as it will be present only for a limited number of packets. 

Proposal 3a:
The QoS flow ID size is at least 1 byte.
Proposal 3b:
A decision to have a larger of QoS flow ID size should be made accounting for a potential overhead. 

3
Conclusions
In this discussion paper we have expressed our further views on open issues regarding the NR QoS flow ID, its presence, and precedence of a particular configuration.
Proposal 1:
Down-select between fully static and semi static SDAP header formats..
Proposal 3a:
The QoS flow ID size is at least 1 byte.
Proposal 3b:
A decision to have a larger of QoS flow ID size should be made accounting for a potential overhead. 
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