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Abstract of the contribution:  TS 23.401 and TS 23.214 suggest that the SGW(-C)/PGW(-C) can derive the transport level packet marking based on the QCI value established for a particular bearer.  QCI values ‘1’ and ‘2’ have been standardized for “Conversational Voice” and “Conversational Video,” yet there are no standardized QCI values to differentiate priority voice or video traffic from other (non-priority) voice or video traffic.  The inability to differentiate priority traffic based solely on QCI values would hamper the ability to provide priority transport treatment for priority services. 
This Discussion Paper documents the current limitation and discusses potential options to address it.  It proposes that the SGW(-C)/PGW(-C) should be able to derive the transport level packet marking for a bearer, based on information other than just the QCI value.  A new optional information element is proposed to be added to accomplish this.
1. Background
During SA2#118, Applied Communication Sciences, OEC, AT&T, Sprint, T-Mobile US, and Verizon submitted a CR (S2-166367) against TS 23.214 [4], which proposed a modification to the CUPS functionality, concerning an existing limitation in the specification that restricts the ability to provide differentiated priority transport treatment for priority services.  TS 23.214 indicates that: “For every bearer, SGW-C/PGW-C shall map the QCI to the transport level packet marking and provide the transport level packet marking to the SGW-U/PGW-U.”

The CR observed that QCI values ‘1’ and ‘2’ have been standardized for “Conversational Voice” and “Conversational Video,” yet there are no standardized QCI values to differentiate priority voice or video traffic from other (non-priority) voice or video traffic.  The CR noted that the inability to differentiate priority traffic based solely on QCI values would hamper the ability to provide priority transport treatment for priority services.  The ability to provide a special transport marking (i.e., specific DSCP value) is required by national standards for particular priority services.
 Therefore, the CR proposed to modify TS 23.214, to allow the SGW-C/PGW-C to use information other than just the QCI value to determine the transport level packet marking for a bearer.
During the SA2#118 discussions concerning S2-166367, participants noted that the limitations are not restricted to the CUPS specifications, and agreed that any solution would need to consider impacts on a broader set of specifications beyond TS 23.214.  Participants recommended that the proposed modifications should identify the specific information elements used to derive priority transport markings.
This Discussion Paper documents the current limitation and discusses potential options to address it.  It proposes that the SGW(-C)/PGW(-C) should be able to derive the transport level packet marking for a bearer, based on information other than just the QCI value.  A new optional information element is proposed to be added to accomplish this.
2. Potential Solutions
Various solutions may be considered to meet the needs for priority transport marking.  Three solutions are considered below.  Whereas any of these solutions might allow proper setting of transport markings for priority traffic, the following discussion provides a broader analysis of each of these solutions, in terms of their ability to support other priority capabilities (beyond just the ability to set DSCP values) and their flexibility in meeting the needs of future priority services.
Solution 1 based on expanded set of QCI values
The EPS QoS uses the QoS Class Identifier (QCI) as a mechanism to ensure bearer traffic is allocated appropriate QoS.  Different bearer traffic requires different QoS and therefore, different QCI values.  The QCI is a scalar that is used as a reference to node specific QoS characteristics that control bearer level packet forwarding treatment, and that are pre-configured by the operator owning the access node (e.g., eNodeB).  These QoS characteristics include Resource Type (GBR or non-GBR), Priority Level, Packet Delay Budget, and Packet Error Loss Rate. Table 6.1.7 of TS 23.203 [3] provides guidelines for the operator’s mapping of standardized QCI values to particular QoS characteristics.
Additional QCI values could be assigned to support different types of priority services that may require operator configured relative priority treatment.  However, there are several deficiencies to this approach:

1. Significant extensions to the current set of QCI values may be required, with potential delays as corresponding modifications to the specifications are deliberated and agreed upon.
2. Operational and specification changes are required every time a new QCI is introduced.

3. Consensus among operators would need to satisfy constraints imposed by all regulatory domains.  This is not likely and is a key deficiency of this solution.
4. Special treatment (e.g., applicability of VCC functionality and certain overload control behaviours) is currently linked to the use of certain standardized QCI values (e.g., QCI value ‘1’).  Such linkages would need to be extended to accommodate the introduction of new QCI values to support priority sub-classes of such traffic (e.g., to enable proper VCC processing for prioritised “Conversational voice” traffic).
Note that new QCI values might be pursued either as additional standardised QCI values (subject to all the above deficiencies) or as operator-specific values (subject to deficiencies 2 [operational aspect] and 4).
Solution 2 based on the QCI in combination with the ARP

The EPS QoS uses the Allocation and Retention Priority (ARP) as a mechanism to determine the relative importance of a resource request, to indicate whether a bearer establishment or modification request can be accepted or needs to be rejected in case of resource limitations.  The ARP provides information concerning the priority level, the pre-emption capability, and the pre-emption vulnerability.  The priority level defines the relative importance of a resource request.  The pre-emption capability information defines whether a service data flow can get resources that were already assigned to another service data flow with a lower priority level.  The pre-emption vulnerability information defines whether a service data flow can lose the resources assigned to it in order to admit a service data flow with higher priority level.
ARP values can be assigned to particular priority services in a manner that meets the operator desired ranking amongst priority services.  Whereas this ARP priority would apply at the time of bearer establishment, it could in theory also support the application of appropriate priority treatment following the establishment of the bearer, including eNodeB scheduling, packet forwarding within 3GPP-specified FEs, and packet handling within FEs outside of 3GPP specification.  However, Section 4.7.3 of TS 23.401 [5] includes the following requirement: “Once successfully established, a bearer's ARP shall not have any impact on the bearer level packet forwarding treatment (e.g. scheduling and rate control).  Such packet forwarding treatment should be solely determined by the other EPS bearer QoS parameters: QCI, GBR and MBR, and by the AMBR parameters.”  Thus, once successfully established, a bearer's ARP does not have any impact on the bearer level packet forwarding treatment.  The above quoted text precludes the use of ARP for setting DSCP values, which impact packet forwarding treatment through appropriate per-hop behaviours.
Assuming the above restriction could be relaxed, further analysis would be required to determine how the limited number of ARP priority level values may be applied to differentiate the relative priority amongst a potential large set of future priority services.

Solution 3 based on QCI in combination with new (QCI Priority Override) IE
During CT3#87, CT3 reviewed a discussion paper (C3-164073) and a proposed WID (C3-164074) that proposed to define a new protocol IE to indicate the relative priorities amongst a growing set of priority services (e.g., Emergency, MPS [1], MCPTT [2], and various forms of preferential [silver/gold/platinum] services), and different priorities amongst different media within the context of a given service.  Based on these discussions, CT3 sent an LS (C3-164205) to SA2, in which they “agreed that priority services (e.g., MPS) have an issue in both assignment of scheduling priority and transport level priority given the current set of standardized QCI assignments.”  In the LS, CT3 posed two questions to SA2 concerning these limitations, and requested SA2 input concerning particular actions that may be required to remedy / mitigate any gaps, in order to guide corresponding stage 3 actions by CT3.
Many services share the same intrinsic QoS characteristics (such as delay and loss rate), but have different priority requirements.  It is left as a matter of operator preference, consistent with operator policies and national / regional regulations, to determine which of these services have priority over the others.  In times of natural or manmade disaster when not all users can be served, select priority services identified by the operator need to maintain a suitable level of performance (consistent with the intrinsic QoS characteristics).  This priority treatment must support satisfactory QoS, even when the communication capability of the system is impaired (e.g., due to congestion or partial network infrastructure outage, perhaps as a direct or indirect result of an emergency situation).
The introduction of a new protocol IE would provide the ability to separate priority aspects from other intrinsic QoS parameters such as delay and loss rates.  This new protocol IE is envisioned as a “QCI Priority Override” IE, which could optionally be sent in addition to the QCI IE.  When received and supported by the recipient, this new IE would override the default Priority Level as defined for the corresponding QCI value.  For example, it could be used to alter the requested QCI Priority Level (value ‘2’) that is normally associated with QCI value ‘1’ for “Conversational Voice” traffic.  This approach is synergistic with current 5G efforts that are intended to support similar flexibility
 and can be an important capability in the overall migration strategy for 5G networks.

This solution would provide greater flexibility to operators, enabling them to assign appropriate relative priorities amongst users of a given service as well as amongst users of different services, as well as relative priority amongst various media, e.g., voice vs. video.  This new protocol IE would provide a means to unambiguously mark bearers that according to operator policy are entitled to special treatments in the EPS.  These treatments are subject to operator policy, but may include aspects involving eNodeB scheduling, packet forwarding within 3GPP-specified functional entities, and packet handling within network components outside of 3GPP specification, e.g., intermediate IP routers for which appropriate DSCP marking must be configured within the 3GPP functional entity.  This new IE would be supported (sent, received, and/or processed) by various 3GPP-specified functional entities (HSS, PCRF, S-GW, PDN-GW, MME, eNodeB) and by the UE (e.g., in order to support appropriate handling of downlink traffic in the UE-NW relay).
3. Proposed Solution

It is broadly agreed that the relative priority amongst priority services should be left to operator policy subject to national / regional regulation.  However, current specifications lack the means to signal this relative priority decision to the EPS, to distribute it to key functional entities, and to map it to parameters understood by network components outside the scope of 3GPP specifications, e.g., IP routers selection of appropriate DSCP values.

The use of the QCI or ARP to mark the relative priority amongst priority services was considered in Solutions 1 and 2 as described in Section 2.  Deficiencies were identified for both of these solutions.  Only Solution 3 provides a future-proof mechanism that supports an effective means to convey and distribute operator-chosen relative priority decisions to the EPS in a manner that can simultaneously meet the varied needs of operators under different regulatory constraints.
Based on the above analysis, it is proposed that a new protocol IE be developed to indicate the relative priority amongst a growing set of priority services (e.g., emergency communications, MPS, MCPTT, and various forms of preferential [silver/gold/platinum] services), and different priorities amongst different media within the context of a given service.  This priority should be configurable by the network operator, consistent with operator policies and corresponding national / regional regulatory policies.  This new “QCI priority override” IE should be optionally included in messages that currently carry the QCI IE.  The SGW(-C)/PGW(-C) should be able to derive the transport level packet marking for a bearer, based on the QCI value in combination with this new optional IE.
4. Comparative Analysis Summary
	Pros/Cons
	Solution 1

New QCI Assignments
	Solution 2

Use of QCI & ARP
	Solution 3

New IE

	Extensibility – ability to support additional future priority services
	(-) Addition of new QCI values requires ongoing specification and operational impacts
(-) Delays as updates to specifications are deliberated and agreed upon
(-) Difficult to achieve consensus among operators / satisfy constraints imposed by all regulatory domains
(-) Potential need to accommodate special treatments (e.g., VCC support) for new QCIs
	(+) No ongoing specification or operational impacts
(+) Special treatments remain applicable to existing QCI values
(-) Limited number of ARP values available
	(+) Separate IE supports desired priority differentiation
(+) Extends, but does not conflict with, current QCI usage
(+) Special treatments remain applicable to existing QCI values

	Consistency with existing SA2 specifications
	(+) Promotes continued use of existing EPC QoS framework, including QCIs
	(-) Violates currently-specified usage of ARP
	(+) Supports (and extends) use of existing EPC QoS framework

	Complexity - protocol impacts
	(+) No impacts (Use of existing QCI IE)
	(+) No impacts (Use of existing QCI and ARP IEs)
	(-) Requires addition of new (optional) IE

	Support for LTE Migration / Synergy with 5G initiatives 
	(+) Consistent with 5G “A-type” NAS-level QoS profile scalar values
(-) No additional support for 5G “B-type” NAS-level QoS profile scalar values
	(+) Consistent with 5G “A-type” NAS-level QoS profile scalar values
(-) No additional support for 5G “B-type” NAS-level QoS profile scalar values
	(+) Supports separation of priority from intrinsic QoS characteristics (support for both “A-type” and “B-type” NAS-level QoS profile scalar values)
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� ATIS requirements (ATIS-1000066.2016, Emergency Telecommunications Service (ETS) Network Element Requirements for IMS-based Next Generation Network (NGN) Phase 2) specify the use of DSCP value ‘101100’ (44) (VOICE-ADMIT) for particular priority services.


� The specifications for ARP include a priority level component that supports up to 16 values, with 8 values (of higher priority) reserved for intra-domain use.


� TR 23.799 [6] includes the definition of “type-B” scalar values that allow flexible assignment of priority attributes to particular traffic.
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