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Abstract of the contribution: Analyzes the options for upgrading QoS for UMTS to support 8C-HSDPA.
1. Problem statement
With the introduction of 8C-HSDPA in Rel-11, the peak data rate of UTRAN was upgraded to 345.6 Mbps. However, the core network and NAS layer restrict a PDP Context from having such high data rate because the encoding of the UMTS QoS profile (section 10.5.6.5, 24.008) cannot currently support data rates above 256 Mbps. 
Conclusion 1: To enable a PDP Context to support data rate above 256 Mbps, QoS of UMTS has to be upgraded. 
However, upgrading QoS signalling of UMTS implies an important network impact, as this information is carried over multiple interfaces:

· NAS

· SGSN/MME interfaces: Gn/Gp (Gn-SGSN ((SGSN/MME/GGSN/PGW)  

· HLR/HSS interfaces: S6d, Gr 

· GGSN/PGW Interfaces: Gi/SGi
· Charging Interfaces: Ga, Ga`, Rf, Bp, Ro, Re, Bo
· BSS Interface: Gb 
Note: UTRAN interfaces Iu, Iur, Iub have been upgraded to support 1 Gbps. This paper mainly discusses the issue and solution options for core network and NAS.

Conclusion 2: The QoS upgrade solution should minimize the UMTS network impact and be future proof as much as possible.
2. Potential Options for QoS Upgrade
Option A: Upgrade signalling for QoS to support MBR up to 1 Gbps
The straightforward option to consider is to upgrade the signalling for QoS. One consideration to make is how to code the QoS signalling in order to affect as few core network elements and interfaces as possible. Following are two possible approaches.

Option A.1:

Upgrade the MBR parameter to 1 Gbps in all the related interfaces. One main drawback of this approach is that it requires support of new coding in all interfaces where the QoS is carried over and therefore, upgrading UE (NAS) and almost all the core network entities: SGSN, GGSN, PGW, MME, HLR/HSS, CGF, Billing system, OCS, CAMEL, BSS.
Option A.2: 

For the case of S4-SGSN connecting to EPC, one possible way to minimize impact in the core network entities is transmitting the upgraded MBR using EPS QoS coding which already supports bit rate up to      1 Gbps. In this manner, there is no need to upgrade the PGW and so forth with the new coding for UMTS QoS.
For a LTE terminal supporting interworking with GERAN/UTRAN, MME sends both EPS QoS and UMTS QoS to UE in ESM messages. This mechanism can be extended to S4-SGSN too, i.e. changing UMTS NAS Session Management messages to include an optional EPS QoS IE in addition to the mandatory UMTS QoS IE. When UE or SGSN receive the EPS QoS IE, and cannot interpret this information, UE or SGSN just ignore the EPS QoS IE and use the UMTS QoS IE. Otherwise, EPS QoS is used and UMTS QoS is ignored.

This is similar to the 2G QoS upgrade that occurred during 3G deployment. GERAN adopted UMTS QoS in R99. Usually R97 QoS and UMTS QoS (R99 QoS) are sent together for backward compatibility.
With this option, only S4-SGSN and UE need to be upgraded. The churn to core network is significantly mitigated.
Per current standard, in uplink session management messages, UE sends UMTS QoS to S4-SGSN and S4-SGSN converts the UMTS QoS to EPS QoS. In downlink session management messages, S4-SGSN converts EPS QoS to UMTS QoS. Annex B of 23.401 specifies the rules of mapping between EPS QoS and UMTS QoS. The mapping loses information and costs processing resource of SGSN. 
The additional benefit of this option is it largely avoids the QoS mapping.
Option B: Ignoring MBR in UMTS QoS profile

Operator usually sets the MBR to the peak rate of the UMTS network. For example: when 64QAM was deployed, operators usually set the MBR to 21 Mbps in subscription data for non-GBR APN. This kind of MBR setting makes MBR actually useless for non-GBR PDP Contexts. APN-AMBR (0~1Gbps) and UE-AMBR (0~1Gbps) were introduced to UMTS in Rel-9 to restrict the aggregate bit rate of non-GBR PDP Contexts. So, UMTS can acquire QoS capability equivalent to EPS QoS by ignoring the MBR parameter of non-GBR PDP Contexts. 
This approach produces the least impact, and may be considered as a simple immediate solution:

· The UE needs not to be upgraded because UE usually doesn’t enforce the MBR parameter.

· On the NW side, the only impacted entities are the SGSN and GGSN/PDN-GW. They need to be configured to ignore the MBR parameter in UMTS QoS profile, which represents a minimal specification impact.

3. Interworking with GERAN

UE may activate a PDP Context from UMTS with 8C-HSDPA then move to GERAN. And, when 8C-HSDPA is deployed, the MBR/AMBR in subscription data may be upgraded to 345.6 Mbps. BSS receives UMTS QoS profile (ABQP) in BSS PFC procedures. 
With option A.1, a new optional extended MBR parameter may be added to UMTS QoS profile. If the BSS doesn’t understand the new parameter, e.g. in Create BSS PFC Request, it is FFS whether BSS would include the new parameter in Create BSS PFC Ack. If not, the QoS is actually downgraded by BSS. This impacts the user experience when UE moves to UTRAN/E-UTRAN.
With option A.2, the SGSN need not to send the EPS QoS to BSS. Hence, option A.2 has no impact to BSS.

Option B doesn’t impact the Gb interface and hence has no impact to BSS.
4. Evaluation

Option A.1, A.2 and B support same QoS capability as EPS. 

Option A.1 is the most straight forward solution. However, it requires upgrading UE (NAS) and almost all the core network entities, charging/billing system and even BSS. 

Option A.2 adopts a solution similar to 2G ( 3G QoS migration. This solution mitigates core network churn to SGSN only. Having common QoS profile, the QoS mapping can be largely avoided. But, this solution requires operator to deploy EPC (S4-SGSN). 
Option B doesn’t change any interface protocol. To support option B, only small software change to GGSN/PDN-GW and optionally SGSN are required. For an operator who has no plan for EPC or on a tight timeline, option B can be used. 
5. Proposal 

Use option A.2 for operators who have upgraded or have plan to upgrade GPRS core network to EPC. Option B can be used for operators who have no plan for EPC, or as a temporary solution.
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