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1. Introduction
During the SA#88E e-meeting the issue of which QoS parameters need to be sent to the RAN for each Alternative QoS Profile (AQP) was raised (see SP-200587). The discussion eventually led to LS SP-200631 sent to RAN3:
1. Overall Description:
During the conclusion of Alternative QoS Profile feature, some companies raised concerns that handover to a congested site potentially causing the GBR flows to be released could be a potential issue. 
It was concluded that such potential issue can be further investigated and may be resolved, if not mitigated via existing mechanism.
2. Action:
To RAN3 group:
ACTION: SA respectfully asks RAN 3 to look into this potential issue and inform SA2 about the outcome.
The authors of this document believe that the release of a GBR QoS Flow during an HO to a fully loaded cell is a problem because it would interrupt safety related services, e.g., V2X remote driving.
This paper discusses the need for ARP (to address the above mentioned issue) and for MDBV (to fix the Rel-16 feature definition) and proposes to include them in the set of parameters defining an Alternative QoS Profile.
2.	Background
In last meeting, RAN3 agreed to the CRs for alternative QoS. The Alternative QoS Profile (AQP) contains the following parameters:
· Guaranteed Flow Bit Rate DL/UL 
This IE indicates the number of bits delivered by NG-RAN in UL or to NG-RAN in DL within a period of time, divided by the duration of the period. It is used, for example, to indicate the maximum or guaranteed bit rate for a GBR QoS flow, or an aggregated maximum bit rate.
· Packet Delay Budget 
This IE indicates the Packet Delay Budget for a QoS flow. Upper bound value for the delay that a packet may experience expressed in unit of 0.5ms.
· Packet Error Rate 
This IE indicates the Packet Error Rate for a QoS flow. The packet error rate is expressed as Scalar x 10-k where k is the Exponent.
3.	Discussion
3.1	ARP
As mentioned in section 1, the ARP parameter is important to ensure that the handover into a fully loaded RAN cell is successful. In the scope of Alternative QoS profile, the ARP gives the RAN the guidance to select which existing QoS flow should be reduced to leave room for an incoming QoS flow. 
At the moment, there is only a single ARP for the requested QoS, and no ARP for each alternative QoS profile. This means that the ARP is static for a QoS flow and not impacted e.g. if a QoS flow is already reduced to a lower Alternative QoS profile.
Enabling different settings for the ARP (especially the ARP priority level and the ARP pre-emption vulnerability) in the Alternative QoS Profile, gives the CN possibilities to differentiate the usage in line with service requirements. 
As a simple example, we can first imagine a situation where we use identical QoS flows, and where CN may want to: 
· put higher priority to a QoS flow already being downgraded to an Alternative QoS Profile, and at the same time,
· put a lower priority to a QoS flow served with the QoS profile (i.e. not being downgraded to an Alternative QoS Profile).
Without this possibility, there is no way for CN to indicate the preferred handling for the different service requirements. 
Figure 3.1-1 shows in another simple example how the setting of the GFBR and ARP priority level in the Alternative QoS Profile can ensure a successful handover into a fully loaded RAN cell. It should be noted that, based on an appropriate setting of the GFBR value in the Alternative QoS Profile with the lower ARP priority level, the downgrading of one QoS Flow to the Alternative QoS Profile could free up a lot of resources and thus be sufficient for accepting many incoming QoS Flows.
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Figure 3.1-1: Evolution of resource allocation for handover to fully loaded RAN (all QoS flows with AQP)


Figure 3.1-2 shows yet another simple example but with three different ARP priority levels: 
-	the highest one is used for the QoS profile of the service with Alternative QoS Profiles (e.g. for high-bitrate video) (QoS flow 1-4).
-	a medium one is used for a commercial service (QoS flows 5 and 6), 
-	and the lowest one is used for an important service (QoS flows 7-8) but also for the Alternative QoS Profile (e.g. for the minimum video bitrate) (QoS flow 1-4). 
This ARP priority level setting ensures that neither the commercial service nor the important service can pre-empt the QoS Flow with the Alternative QoS Profile although both are able to trigger the downgrade to the Alternative QoS Profile.
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Figure 3.1-2: Evolution of resource allocation for new QoS Flow requests in fully loaded RAN (QoS Flows 1-4 with AQP; QoS Flows 5-8 without AQP)
Using only one ARP for the QoS Flows with Alternative QoS Profile would not accomplish this treatment. If the ARP priority level would be set to the highest one, the QoS Flows 1-4 would be released one after the other when the QoS Flows 5-8 are established (as those QoS Flows have a lower ARP priority level). If the ARP priority level would be set to the lowest one (that is also used for the important services), the QoS Flows 1-4 would remain with their QoS and QoS Flows 5-8 could not be established.
Observation 1: Without the ARP per alternative QoS profile, it is impossible for CN to inform RAN about the desired prioritization for resource assignment during handover and new QoS Flow establishment. Consequently, the ARP is needed to address the issue raised in the LS to guarantee that a GBR QoS Flow handed over to a fully loaded cell is not rejected.
3.2	MDBV
The Rel-16 AQP feature has been defined without MDBV, but this can cause a waste of allocated resources in the RAN node. The MDBV defines the maximum burst volume and is important for defining the scheduling policy and resource consumption. With a similar GFBR, the MDBV gives an indication of the instantaneous resource requirement and enables the RAN to derive the number of packets that can be expected during the Averaging window.
GFBR = MDBV  x  number of packets
                     Averaging window
MDBV (Maximum Data Burst Volume)
Averaging window

Figure 3.2-1: Relationship between GFBR and MDBV
While it can be assumed that the Averaging Window parameter value will most likely not change with a change to/of an Alternative QoS profile, the MDBV parameter may change. If this aspect is not included the RAN would have to assume the same MBDV as the requested QoS, which may not be true. The result is that RAN may over provision the resources. In addition, the RAN may assume that the number of packets that can be expected during the Averaging window is reduced but this may not be the case. 
Some examples of this is shown in Figure 3.2-2, where a reduction of the GFBR value to half could result in different combinations of packet size (MDBV) and number of packets per Averaging Window, depending on the service requirement, each with different impact or demand on the scheduler. This aspect becomes more relevant when the range of the GFBR used for the alternative QoS profile is bigger.
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Figure 3.2-2: GFBR reduction and impacts on MDBV values and numbers of packets.
A practical example of how relevant the MDBV is as follows. For a low latency voice with existing voice codecs, the PDB available for the RAN could be set to 3ms (5QI#85, with PDB=5ms and CN PDN=2ms). The voice codec generates one voice packet every 20ms. With a “64 kbps” high quality codec (GFBR= 64 kbps) the MDBV is then 64*20 bits = 160 bytes, and the 160 bytes needs to be delivered in 3ms, i.e., a peak data rate of 430 kbps. This 430 kbps is much more demanding than the average 64 kbps, and it is this peak data rate that causes the problems on a degrading radio link. When the radio degrades and the voice codecs are switched to 16 kbps GFBR, still with 3ms PDB, resulting in an MDBV of 40 byte and a peak data rate of 110 kbps. However, without the ability to signal a revised MDBV, the RAN still has to be prepared to receive 160 byte packets and deliver them in 3ms (the RAN just expects that there is one large packet every 80ms).
Observation 2: Without the MDBV per alternative QoS profile, RAN has to over provision the resources for the alternative QoS profile and would not be able to derive the correct number of packets that can be expected during the Averaging window. Consequently it is important to include the MDBV in the definition of AQP for Rel-16.
4.	Conclusion and proposal
As explained in Section 3, in addition to the three parameters for the Alternative QoS Profile identified by RAN3 (GFBR (UL, DL), PDB (including CN PDB) and PER), it is essential to enable the CN to provide to the RAN in the Alternative QoS Profile also the following parameters:
-	ARP, for CN to inform RAN about the desired prioritization for resource assignment during handover and new QoS Flow establishment, and
-	MDBV (for Delay-critical GBR resource type only) to avoid that RAN have to over provision the resources and to enable RAN to correctly derive the expected number of packets during the Averaging window.
The following way forward is therefore proposed:
Proposal 1: in Rel-16, add the MDBV to the set of QoS parameters defining an AQP to fix the problem of RAN resource waste when selecting an Alternative QoS Profile.
Proposal 2: in Rel-17, add the ARP to the set of QoS parameters defining an Alternative QoS Profile to address the issue raised in the LS from SA .
Proposal 3: Notify SA2 accordingly.
If such parameter are not provided, we would be happy to see and discuss alternative ways for the RAN to ensure that:
-	resources are not wasted when fulfilling an Alternative QoS Profile,
-	the RAN can select the most appropriate Alternative QoS Profile when the number of packets is the reason for the QoS downgrade, 
-	an handover to a congested cell is successful and the GBR QoS Flow with AQP is not released, 
-	a QoS Flow with a low GFBR in the AQP for an important service can be secured from being released by another QoS Flow.
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