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1. Introduction
This paper is a revision of R2-1702616. The QoS Flow ID will be included in band with data packets and be transmitted over the radio in some situations, this paper presents some analysis on the extra radio overhead caused by inclusion of QoS Flow ID over Uu and discusses the possible solution to reducing the overhead. 
2. Discussion
2.1 NAS level QoS flow ID

NR will apply the two-levels mapping, i.e., the NAS level mapping and AS level mapping, for flows to bearers mapping, which was agreed on the RAN2#96 meeting [1]:

1:
In DL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QoS flow mapping, and AS is responsible for the QoS flow->DRB mapping.

2:
In UL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QoS flow mapping, and AS is responsible for the QoS flow->DRB mapping.

At the NAS level mapping, IP flows are mapped to QoS flows by the NAS level mapping filter. And it is agreed on the RAN2#97bis meeting that the Flow ID will be used to mark packets over Uu under some situation as follows [2]:

1. DL packets over Uu are not marked with “Flow ID” at least for cases where UL AS reflective mapping and NAS reflective QoS is not configured for DRB.   

2. AS layer header include the UL “Flow ID” depending on network configuration

The data transmission within CN and the NG3 interface is based on the QoS flow, i.e., the bearer will be not used out of RAN, which is different with LTE where the E2E bearer is used between UE and PDN GW. SA2 has started to specify the QoS framework for the Work Item phase, and it is stated that [3]:

The QoS flow is the finest granularity of QoS differentiation in the PDU session. A QoS Flow ID (QFI) is used to identify a QoS flow in the 5G system.

User Plane traffic with the same QFI value within a PDU session receives the same traffic forwarding treatment.

Therefore, the QoS flow ID will be used to identify QoS flows when mapping IP flows to QoS flows. The QoS flow ID should be unique at least within the scope of one PDU session. It could be also unique per UE since the NextGen Core may establish one or more PDU Sessions for each UE [4].
Observation 1: The QoS flow ID is used to identify QoS flows and is unique at least within one PDU session per UE.
2.2 Shorter AS level QoS flow ID

The QoS flow ID is used to identify one QoS flow within one PDU session, and multiple flows may be mapped to one DRB, i.e., the number of DRBs will be less than that of QoS flows, that’s also one of the main reasons that RAN2 insists on keeping DRB in RAN. So far there is no definite definition of QoS flow ID size in SA2/RAN, it is assumed that at least 256 flows (8 bits) shall be supported, the figure would be even larger. Considering that the NR is envisaged to support tens of times bigger than LTE on the radio data rate, the transmission overhead of QoS flow ID over Uu will be quite considerable.
The issue of radio overhead caused by QoS flow ID has been discussed in the past meetings. Some papers propose to omit the QoS flow ID over Uu for some cases [5, 6], e.g., when the gNB can know the QoS flow ID of some UL packets implicitly, these packets can be transmitted without QoS flow ID over Uu. However, the omission of QoS flow ID over Uu can be only subject to the scenario when the QoS flow to DRB mapping is 1-to-1 mapping. It was also proposed that only the first DL packet of a QoS flow should be transmitted with QoS flow ID over Uu after the gNB maps or remaps the QoS flow to a DRB.
However, the proposed solutions are only applicable to very limited scenarios, i.e., when the QoS flow to bearer mapping is 1:1. It doesn’t work for the case when RAN decides to map multiple flows to one bearer. In particular, for the UL case, the gNB has to know the QoS flow ID of each packet received from UE exactly because it is responsible for marking each UL packet with the correct QoS flow ID and then forwarding it to the CN via NG3.
Observation 2: The solution by omitting QoS Flow ID in the RAN bearer to reduce radio overhead is NOT applicable to the case when mapping multiple flows to one bearer on UL.
Although it is impossible to omit QoS flow ID in the RAN bearer when mapping multiple flows to one bearer so as to remove the extra radio overhead of QoS flow ID inclusion, it is still possible to reduce the radio overhead by means of QoS flow ID reconstruction in RAN. E.g., to introduce an AS QoS flow ID with shorter size than the NAS QoS flow ID when performing the AS level mapping (QoS flow(DRB). The short ID can be only used within one DRB to differentiate different QoS flow in the scope of the DRB and it reflects to a single long ID (the NAS level QoS flow ID). The mapping of long ID to Short ID is kept in gNB and UE, and the short ID will be not used out of the DRB, e.g., it is the NAS level QoS level that will be used to avoid QoS flow ID collision, when remapping of QoS flows to DRB occurs. Thus the radio overhead caused by QoS flow ID can be reduced to some extent by using the shorter QoS flow ID. 
Proposal 1: When multiple QoS flows are mapped to one DRB, RAN may configure a mapping between a NAS level QoS flow ID and a shorter AS level QoS flow ID that is to be used within the DRB.
Apparently, the short AS Flow ID gain in term of radio overhead reduction depends on the ratio of NAS Flow ID and AS flow ID size. However, so far there is no definite definition of QoS flow ID size in SA2, it is assumed that at least 256 flows (8 bits) shall be supported, the figure would be even larger since 5G is envisaged to support much various services than LTE. In LTE, A UE can have up to 8 EPS data bearers (at most 11 bearers, 3 among which are reserved for SRB). Thus 2~4 bits may be saved approximately, i.e., 25%-50%, depending on the design of short ID structure. It could a considerable gain for UE on UL. More accurate estimation can be made when the concrete size of NAS QoS flow ID is available, thus it is expected to send an LS to SA2 to get the exact size of NAS QoS flow ID.
Proposal 2: RAN2 is suggested to send an LS to SA2 on the specific size of QoS Flow ID over N3 interface.
3. Conclusion
Based on the analysis above we made the following proposals:
Observation 1: The QoS flow ID is used to identify QoS flows and is unique at least within one PDU session per UE.

Observation 2: The solution by omitting QoS Flow ID in the RAN bearer to reduce radio overhead is NOT applicable to the case when mapping multiple flows to one bearer on UL.

Proposal 1: When multiple QoS flows are mapped to one DRB, RAN may configure a mapping between a NAS level QoS flow ID and a shorter AS level QoS flow ID that is to be used within the DRB.
Proposal 2: RAN2 is suggested to send an LS to SA2 on the specific size of QoS Flow ID over N3 interface.
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