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Discussion
In TS23.401, two types of UE subscribed AMBRs are defined for non-GBR QoS enforcement: APN-AMBR and UE-AMBR. 
The introduction of subscribed UE-AMBR is to possibly allow single rate limit to the overall non-GBR usage of the network by a user.  It is agreed that the UE-AMBR for use is calculated by the MME based on MIN [subscribed UE-AMBR, sum (APN-AMBR of all active APNs) ]. This can prevent resource waste at eNodeB if the sum of the APN-AMBRs of the active APNs is smaller than the subscribed UE-AMBR.
On the other hand, if the sum of the APN-AMBR of all active APNs is greater than the subscribed UE-AMBR, the UE-AMBR for use would be capped to the subscribed UE-AMBR. In this case, the end user would not be able to fully use the subscribed APN-AMBRs.  The probability of packet drop and network resource waste would get bigger if the difference between the subscribed UE-AMBR and the sum of APN-AMBRs of active APNs is getting bigger. This issue is related to the current method to calculate the UE-AMBR for use. To prevent this, the APN-AMBRs for use could be reduced. Considering one APN may carry more traffic than the other for the UE, fair adjustments to the APN-AMBRs based on the real time traffic would be needed. This would require real time APN traffic measurements. 
The following proposal aims to improve the potential issue due to mismatch between UE-AMBR for use and the sum of APN-AMBR of active APNs.

Proposal
Keep the current specifications on subscribed UE-AMBR and subscribed APN-AMBRs. Change the calculation on UE-AMBR for use by UE-AMBR = sum of APN-AMBR of active APNs. 
For the multiple PDN connection cases, since not all the peak traffic from different APNs would come at the same time instants, for better eNodeB resource utilization a factor of equal or less than 1 can be applied to the UE-AMBR calculation. This factor could be determined from real traffic statistics.
            -    This allows single rate limit on non-GBR subscription for the user.  

            -    The user shall be able to fully utilize the subscribed UE-AMBR.

            -    The user shall be able to fully utilize the subscribed APN-AMBRs.
            -    The potential resource waste and packet loss due to non-GBR QoS enforcement could be avoided as there is no mismatch between the UE-AMBR for use and the sum of APN-AMBR of active APNs. 

            -    The user may exceed the use of subscribed UE-AMBR when subscribed UE-AMBR<sum of APN-AMBR of active APNs.  This would not be expected happen too often. As in the most of the cases the UE-AMBR for use is less than the subscribed UE-AMBR, in average the user is limited by the subscribed rate limit.

_______________________________________________
Conclusion

To handle potential packet drop and network resource waste due to non-GBR QoS enforcement mismatch using UE-AMBR and APN-AMBRs,  we propose UE-AMBR for use = sum of APN-AMBRs of active APNs. A factor of equal or less than 1 could be applied in the UE-AMBR calculation for better eNodeB resource utilization.  We will provide the corresponding CR to TS23.401 based on SA2 agreement.
*********************** Proposed Changes to TS23.401******************

4.7.3
Bearer level QoS parameters

…

The UE‑AMBR is  a subscription parameter stored in the HSS. The subscribed UE-AMBR presents the UE’s non-GBR rate limit by the network. The MME shall set the UE‑AMBR for use to the sum of the APN‑AMBR of all active APNs .A factor of equal or less than 1 could be applied in the UE-AMBR calculation for better eNodeB resource utilization . Normally the UE-AMBR for use would be less or equal to the subscribed UE-AMBR. The UE‑AMBR limits the aggregate bit rate that can be expected to be provided across all Non‑GBR bearers of a UE (e.g. excess traffic may get discarded by a rate shaping function). Each of those Non‑GBR bearers could potentially utilize the entire UE‑AMBR, e.g. when the other Non‑GBR bearers do not carry any traffic. GBR bearers are outside the scope of UE AMBR. The E‑UTRAN enforces the UE‑AMBR in uplink and downlink.

…

5.3.2.1 E-UTRAN Initial Attach
…

17.
If an APN Restriction is received, then the MME shall store this value for the Bearer Context and the MME shall check this received value with the stored value for the Maximum APN Restriction to ensure there are no conflicts between values. If the Bearer Context is accepted, the MME shall determine a (new) value for the Maximum APN Restriction. If there is no previously stored value for Maximum APN Restriction, then the Maximum APN Restriction shall be set to the value of the received APN Restriction.


If the CGI/SAI/RAI change report required is received for this bearer context, then the MME shall store this for the bearer context and the MME shall report whenever a CGI/SAI/RAI change occurs that meets the request, as described in clause 15.1.1a of TS 23.060 [7].


The MME determines the UE AMBR to be used by the eNB based on the APN‑AMBR for the default APN, see clause 4.7.3.

…

5.4.2.2
HSS Initiated Subscribed QoS Modification

The HSS Initiated Subscribed QoS Modification for a GTP-based S5/S8 is depicted in figure 5.4.2.2-1.
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Figure 5.4.2.2-1: HSS Initiated Subscribed QoS Modification

NOTE:
For a PMIP-based S5/S8, procedure steps (A) and steps (B) are defined in TS 23.402 [2]. Steps 3, 4, 5 and 7 concern GTP based S5/S8.

1.
The HSS sends an Insert Subscriber Data (IMSI, Subscription Data) message to the MME (see clause 5.3.9.2). The Subscription Data includes EPS subscribed QoS (QCI, ARP) and the subscribed APN‑AMBR.




2.
In case the the QCI and/or ARP and/or subscribed APN-AMBR has been modified the MME sends the Update Bearer Request (EPS Bearer Identity, EPS Bearer QoS, APN‑AMBR) message to the Serving GW. The EPS Bearer Identity identifies the default bearer. The EPS Bearer QoS contains the EPS subscribed QoS profile to be updated.

….
5.7.1
HSS

IMSI is the prime key to the data stored in the HSS. The data held in the HSS is defined in Table 5.7.1-1 here below.

The table below is applicable to E‑UTRAN in standalone operation only.

Table 5.7.1-1: HSS data

	Field
	Description
	Status 

	IMSI
	IMSI is the main reference key.
	

	MSISDN
	The basic MSISDN of the UE (Presence of MSISDN is optional).
	

	IMEI / IMEISV
	International Mobile Equipment Identity - Software Version Number
	

	MME Address
	The IP address of the MME currently serving this MS.
	

	MME Capabilities
	Indicates the capabilities of the MME with respect to core functionality e.g. regional access restrictions.
	

	MS PS Purged from EPS
	Indicates that the EMM and ESM contexts of the UE are deleted from the MME.
	

	ODB parameters
	Indicates that the status of the operator determined barring 
	

	Access Restriction
	Indicates the access restriction subscription information. 
	FFS

	Subscribed-UE-AMBR
	The Maximum Aggregated uplink and downlink MBRs to be shared across all Non-GBR bearers according to the subscription of the user.
	

	APN-OI Replacement
	Indicates the domain name to replace the APN OI when constructing the PDN GW FQDN upon which to perform DNS queries. This replacement applies for all the APNs in the subscriber's profile.
	

	RFSP Index
	An index to specific RRM configuration in the E-UTRAN
	

	Each subscription profile contains one or more PDN subscription contexts:

	Context Identifier
	Index of the PDN subscription context.
	

	PDN Address
	Indicates subscribed IP address(es).
	

	Access Point Name (APN)
	A label according to DNS naming conventions describing the access point to the packet data network.
	

	EPS subscribed QoS profile
	The bearer level QoS parameter values for that APN's default bearer (QCI and ARP) (see clause 4.7.3).
	

	Subscribed-APN-AMBR
	The maximum aggregated uplink and downlink MBRs to be shared across all Non-GBR bearers, which are established for this APN.
	

	VPLMN Address Allowed
	Specifies whether for this APN the UE is allowed to use the PDN GW in the domain of the HPLMN only, or additionally the PDN GW in the domain of the VPLMN.
	

	PDN GW identity
	The identity of the PDN GW used for this APN. The PDN GW identity may be either an FQDN or an IP address. The PDN GW identity refers to a specific PDN GW.
	

	PDN GW Allocation Type
	Indicates whether the PDN GW is statically allocated or dynamically selected by other nodes. A statically allocated PDN GW is not changed during PDN GW selection.
	

	URRP-MME
	UE Reachability Request Parameter indicating that UE activity notification from MME has been requested by the HSS.
	


…

Table 5.7.2-1: MME MM and EPS bearer Contexts

	Field
	Description
	Status



	IMSI
	IMSI (International Mobile Subscriber Identity) is the subscribers permanent identity.
	

	MSISDN
	The basic MSISDN of the UE. The presence is dictated by its storage in the HSS.
	

	MM State
	Mobility management state ECM-IDLE, ECM-CONNECTED, EMM-DEREGISTERED.
	

	GUTI
	Globally Unique Temporary Identity.
	

	ME Identity
	Mobile Equipment Identity – (e.g. IMEI/IMEISV) Software Version Number
	

	Tracking Area List
	Current Tracking area list
	

	TAI of last TAU
	TAI of the TA in which the last Tracking Area Update was initiated.
	

	E-UTRAN Cell Global Identity
	Last known E-UTRAN cell
	

	E-UTRAN Cell Identity Age
	Time elapsed since the last E-UTRAN Cell Global Identity was acquired
	

	Authentication Vector
	Temporary authentication and key agreement data that enables an MME to engage in AKA with a particular user. An EPS Authentication Vector consists of four elements:

a) network challenge RAND,

b) an expected response XRES,

c) Key KASME,

d) a network authentication token AUTN.
	

	UE Radio Access Capability
	UE radio access capabilities.
	

	UE Network Capability
	UE network capabilities including security algorithms and key derivation functions supported by the UE
	

	Selected NAS Algorithm
	Selected NAS security algorithm
	

	Selected AS Algorithm
	Selected AS security algorithms.
	

	KSIASME
	Key Set Identifier for the main key KASME
	

	KASME
	Main key for E-UTRAN key hierarchy based on CK, IK and Serving network identity
	

	NAS Keys and COUNT
	KNASint, K_NASenc, and NAS COUNT parameter.
	

	Selected CN operator id
	Selected core network operator identity (to support network sharing as defined in TS 23.251 [24]). 
	

	Recovery
	Indicates if the HSS is performing database recovery.
	

	Access Restriction
	The access restriction subscription information.
	

	ODB for PS parameters
	Indicates that the status of the operator determined barring for packet oriented services.
	

	MME IP address for S11
	MME IP address for the S11 interface (used by S-GW)
	

	MME TEID for S11
	MME Tunnel Endpoint Identifier for S11 interface.
	

	S-GW IP address for S11
	S-GW IP address for the S11 interface (used by MME)
	

	S-GW TEID for S11
	S-GW Tunnel Endpoint Identifier for the S11 interface.
	

	eNodeB Address in Use
	The IP address of the eNodeB currently used.
	

	eNB UE S1AP ID
	Unique identity of the UE within eNodeB.
	

	MME UE S1AP ID
	Unique identity of the UE within MME.
	

	Subscribed UE-AMBR
	The Maximum Aggregated uplink and downlink MBR values to be shared across all Non-GBR bearers according to the subscription of the user.
	

	UE-AMBR
	The currently used Maximum Aggregated uplink and downlink MBR values to be shared across all Non-GBR bearers.
	

	APN Restriction
	Denotes the restriction on the combination of types of APN for the APN associated with this EPS bearer Context. 
	FFS

	Subscribed Charging Characteristics
	e.g. Normal, prepaid, flat rate and/or hot billing.
	

	For each active PDN connection: 
	

	APN in Use
	The APN currently used. This APN shall be composed of the APN Network Identifier and the APN Operator Identifier.
	

	APN Subscribed
	The subscribed APN received from the HSS.
	

	IP Address(es)
	IPv4 address and/or IPv6 prefix
	FFS if these are stored.

	VPLMN Address Allowed
	Specifies whether the UE is allowed to use the APN in the domain of the HPLMN only, or additionally the APN in the domain of the VPLMN.
	

	PDN GW Address in Use (control plane)
	The IP address of the PDN GW currently used for sending control plane signalling.
	

	Location Change Report Required
	Need to communicate Cell or TAI to the PDN GW with this EPS bearer Context. 
	

	EPS subscribed QoS profile
	The bearer level QoS parameter values for that APN's default bearer (QCI and ARP) (see clause 4.7.3).
	

	Subscribed APN-AMBR
	The Maximum Aggregated uplink and downlink MBR values to be shared across all Non-GBR bearers, which are established for this APN, according to the subscription of the user.
	

	APN-AMBR
	The Maximum Aggregated uplink and downlink MBR values to be shared across all Non-GBR bearers, which are established for this APN, as decided by the PDN-GW.
	

	PDN GW GRE Key for uplink traffic (user plane)
	PDN GW assigned GRE Key for the S5/S8 interface for the user plane for uplink traffic. (For PMIP-based S5/S8 only)
	

	For each EPS Bearer within the PDN connection

	EPS Bearer ID 
	An EPS bearer identity uniquely identifies an EP S bearer for one UE accessing via E-UTRAN
	

	TI
	Transaction Identifier
	

	IP address for S1-u
	IP address of the S-GW for the S1-u interfaces.
	

	TEID for S1u
	Tunnel Endpoint Identifier of the S-GW for the S1-u interface.
	

	EPS bearer QoS parameters
	QCI and ARP 

optionally: GBR and MBR in case of GBR bearer


	

	EPS Bearer Charging Characteristics
	e.g. Normal, prepaid, flat-rate and/or hot billing.
	

	Charging Id
	Charging identifier, identifies charging records generated by SGW and PDN GW.
	FFS

	DL TFT
	Downlink Traffic Flow Template. (For PMIP-based S5/S8 only)
	

	UL TFT
	Uplink Traffic Flow Template. (For PMIP-based S5/S8 only)
	

	URRP-MME
	URRP-MME indicating that the HSS has requested the MME to notify the HSS regarding UE reachability at the MME
	


Editor's note:
The"Status" columns will be removed when the FFS's are resolved.

Editor's note:
FFS how detached state security context caching is handled in E-UTRAN.
….

5.10.2
UE requested PDN connectivity

….

7.
If an APN Restriction is received, then the MME shall store this value for the Bearer Context and the MME shall check this received value with the stored value for the Maximum APN Restriction to ensure there are no conflicts between values. If the consequence of this check results in the PDN connectivity being rejected, the MME shall initiate a Bearer Deactivation and return an appropriate error cause. If the PDN Connectivity Request is accepted, the MME shall determine a (new) value for the Maximum APN Restriction. If there is no previously stored value for Maximum APN Restriction, then the Maximum APN Restriction shall be set to the value of the received APN Restriction.


If the CGI/SAI/RAI change report required is received for this bearer context, then the MME shall store this for the bearer context and the MME shall report whenever a CGI/SAI/RAI change occurs that meets the request, as described in clause 15.1.1a of TS 23.060 [7].


The MME may need to modify the UE-AMBR, which has been assigned to the eNB, based on  the updated set of APN-AMBRs in use. The principles to determine the UE-AMBR are described in clause 4.7.3.

…
Annex E (normative):
Mapping between EPS and pre-Rel-8 QoS parameters
…

-
At handover from UTRAN/GERAN to E-UTRAN the AMBRs from the EPS subscribed QoS profile for the corresponding APN shall take precedence. In case of handover from a pre-Rel8 SGSN and if the MME has no subscribed AMBR values for the UE, the MME provides a local UE-AMBR to the eNodeB and local APN-AMBR(s) to the UE, the Serving GW and the PDN GW(s) until MME gets the EPS subscribed AMBRs. When the MME gets the subscribed  APN‑AMBR value(s) from the HSS, it calculates the UE-AMBR (UE-AMBR= sum APN-AMBR of all active APNs). Then it compares these values with the local AMBRs and if any of the local AMBRs is different from the corresponding derived UE-AMBR and the subscribed APN-AMBR(s), the MME initiates HSS Initiated Subscribed QoS Modification procedure to notify the derived UE-AMBR to the eNodeB and the subscribed APN‑AMBR(s) to the UE, the Serving GW and PDN GW(s).

…

********************** End of Changes *********************
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