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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]. Nevertheless, several important aspects were not discussed properly, and/or or no conclusion was reached for them. In particular, the following issues need more considerations by RAN WG2:
-
presence of the QoS flow ID on the Uu interface in both DL and UL directions;

-
reduction of the UE processing load for the reflective QoS;
-
reflective QoS acknowledgement;

-
precedence of the RRC and reflective QoS mapping;

-
QoS flow ID size.

In this contribution we express our views regarding the aforementioned issues.
2
QoS framework

2.1
Presence of the QoS flow ID
With regards to the presence of the QoS flow ID in the packet header on the Uu interface, our technical view is that it is not beneficial to mandate its presence for the following reasons:

-
We cannot assume neither can we mandate the core network to perform IP and QoS flow detection in all the cases and circumstances. This functionality can be absent at all especially during initial deployments of the NextGen core. Even if the corresponding functionality is supported by the core, it still can be argued that the core network can avoid performing flow detection and classification for certain cases, such as low volume machine type interaction.

-
Even if the core network supports IP flow detection and classification and the corresponding functionality is applied to a particular PDU session (i.e. the core network provides the corresponding QoS flow ID on the NG3 interface), then it still does not mean that the RAN side will rely upon the reflective QoS mechanism to indicate to the UE which QoS flow belongs to a particular DRB. As discussed earlier in RAN2, gNB still can provide the corresponding flow to DRB mapping by means of the explicit RRC signalling. 
-
It can be the case that the core network detects and classifies different QoS flows, which however belong to the the BE QoS profile, and as a result are mapped to the same DRB by RAN. In this case, it would be functionally obscure to mandate presence of the QoS flow ID on the Uu interface as it would just increase packet header overhead.
Based on the presented considerations, our view is that can be a number of scenarios and uses cases for which either CN or RAN will not apply any QoS flow ID, which in turn does not require presence of the QoS flow ID on the Uu interface. This observation applies to both DL and UL direction. 

Proposal 1:
Presence of the QoS flow ID is optional for both DL and UL direction on the Uu interface between a UE and gNB.
Nevertheless, it should be discussed further and decided whether a UE needs any further indication from RAN whether the QoS flow ID might or will be present in the DL packets, and whether it shall be included into the UL packets.

2.2
Reduction of the reflective QOS processing load
Looking at reflective QoS 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 the reflective QoS:

-
At the AS layer. Update/add the "QoS flow to DRB" mapping to the DRB on which the DL packet was received.

-
At the NAS layer. Update/add the "IP flow to QoS flow" mapping to the QoS flow ID, with which the DL packet was received. 

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, it 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, and performing these actions for every DL packet is not even necessary. Furthermore, switching the mapping for an IP flow should only happen when there is a change in QoS demand, which in general does not seem to happen for every packet. 

A relatively simple solution to limit the UE processing burden for reflective QoS can be achieved by having an in-band marking in the DL packet to indicate whether the UE should/should not process classification rules for a particular packet. Only if the marking is present, the UE has to perform the actions described above.

As discussed in section 2.1, presence of the QoS flow ID can be optional for both DL and UL directions. Furthermore, presence of the QoS flow ID in DL packets is only required for the reflective QoS, i.e. if there is no reflective QoS action for the UE then there is no reason to include the QoS flow ID. Therefore it seems straightforward to use the inclusion of the QoS flow ID as indicator that the packet is subject to the reflective QoS processing.

Proposal 2:
Presence of the QoS flow id in DL packets indicates that the packet is subject to the reflective processing (i.e. a UE needs to add/update its AS/NAS classification rules). 

2.3
Reflective QoS acknowledgement
As already discussed before in section 2.1 and 2.2, our understanding is that there will be a way for the network to trigger update of the AS/NAS rules for the reflective QoS to avoid putting a processing burden on the UE side (which can be accomplished either by absence/presence of the QoS flow ID in the packet header or by the corresponding explicit in-band indicator). Regardless of the final solution, it will be the network responsibility to start including the corresponding QoS flow ID into the DL packet headers, and the network will also have to make a decision when it can stop including it. The easiest solution is to include the QoS flow ID / reflective QoS indicator just into one packet, but since packets can delayed and even lost, a more reliable solution might be needed. 

A brute-force approach for this problem could be introduction of a new PDCP control PDU, purpose of which would be to covey the corresponding acknowledgement information to the transmitter (a similar solution has been also expressed in [3]). However, as this approach will require specification changes one can argue whether these changes will be justified by the goal. Another approach is to rely upon the network side implementation, which can stop including QoS flow ID / reflective QoS indicator once it receives the UL packet with the same QoS flow ID on the corresponding DRB. As an example, if QoS flow#0 was initially mapped to DRB#0, which the network decides to re-map to DRB#1, then once the network receives an UL packet with QoS flow ID#0 on DRB#1, it can be considered as the fact that a UE has applied and enforced the corresponding classification rule change.
Proposal 3a:
It is up to the RAN to decide when to start/stop including the QoS flow ID into the DL packet header for the purpose of the reflective QoS.

Proposal 3b:
The RAN may stop including the QoS flow ID into the DL packet header once it receives the UL packet with the same QoS flow ID on the corresponding DRB.
Referring to our considerations and proposals above, exactly the same approach can be applied to the UL scenario when the first UL packet with the existing "IP flow to QoS flow" mapping resort for being transmitted on the default DRB. If there are several packets in the UL buffer and/or more packets arrive, then a UE can attach the corresponding QoS flow ID into the UL header until it receives the DL packet with the same QoS flow ID on a non-default DRB.
2.4
Precedence of the RRC and reflective QoS configuration

During the RAN2#96 meeting, several contributions were made regarding whether RRC or the reflective configuration should take precedence. Our view is that since both explicit and reflective QoS actions are triggered by the same RAN entity, we should not be coupling together a re-configuration command with how that re-configuration command is conveyed to the UE. As an example, there can be a use case when the network first establishes DRB (e.g. two DRBs) with some initial mapping, and then uses reflective mechanism to balance number of active flows in every DRB. At the same time, the network may decide to establish yet another DRB and use the same RRC re-configuration message to update mapping information, e.g. assign existing flows to a new DRB. Since the exact mapping is up to RAN, and it is the RAN that decides when and how a particular mapping decision is conveyed to the UE, it simpler and safer to assume that a UE always follows the latest mapping rule regardless of whether it is RRC or the reflective QoS (as also proposed in [2]).

Proposal 4a:
It is up to the RAN to decide when and which mechanism, explicit RRC re-configuration of reflective QoS, should be used to provide mapping information to the UE.

Proposal 4b:
A UE follows the latest QoS flow to DRB mapping information regardless of the fact whether it was explicit RRC or reflective QoS. 
2.5
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 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 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 5a: The QoS flow ID size is at least 1 byte.
Proposal 5b: A decision to have a larger of QoS flow ID size should be made accounting for a decision on whether QoS flow ID is mandatory/optional on the Uu interface. 
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:
Presence of the QoS flow ID is optional for both DL and UL direction on the Uu interface between a UE and gNB.
Proposal 2:
Presence of the QoS flow id in DL packets indicates that the packet is subject to the reflective processing (i.e. a UE needs to add/update its AS/NAS classification rules). 

Proposal 3a:
It is up to the RAN to decide when to start/stop including the QoS flow ID into the DL packet header for the purpose of the reflective QoS.

Proposal 3b:
The RAN may stop including the QoS flow ID into the DL packet header once it receives the UL packet with the same QoS flow ID on the corresponding DRB.
Proposal 4a:
It is up to the RAN to decide when and which mechanism, explicit RRC re-configuration of reflective QoS, should be used to provide mapping information to the UE.

Proposal 4b:
A UE follows the latest QoS flow to DRB mapping information regardless of the fact whether it was explicit RRC or reflective QoS. 
Proposal 5a: The QoS flow ID size is at least 1 byte.
Proposal 5b: A decision to have a larger of QoS flow ID size should be made accounting for a decision on whether QoS flow ID is mandatory/optional on the Uu interface. 
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