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1. Introduction

RAN WGs has been studying radio network architecture for E-UTRAN. The allocation of functions in UMTS and necessity of other necessary new function for the evolved system is under discussion. Although the definition of RAB and RB depends much on the location of functions which are yet to be decided, the overall concept of RAB, RB and QoS mapping can be discussed in parallel.
The purpose of this document is to review the RAB and RB definition in UMTS, to make an attempt on proposing high level concept of RAB and RB for E-UTRAN and raise the problems that should be further studied.
2. The concept of RAB, RB and the relation to QoS provision in UMTS
2.1 RAB and RB concept
Regarding RAB and RB, the following definitions of RAB and RB are quoted from TR21.905 ‘Vocabulary for 3GPP Specification’:

· Radio Access Bearer is ‘The service that the access stratum provides to the non-access stratum for transfer of user data between User Equipment and CN’.

· Radio Bearer is ‘The service provided by the Layer 2 for transfer of user data between User Equipment and UTRAN.’
To understand further on the RAB and RB concept, this section reviews the concept of data connectivity in UMTS.

In short, data connectivity is comprised by the following hierarchical layers. 
- PDP Context. 
PDP context needs to be activated for each service (PS). PDP context extends between UE and GGSN and reflects the negotiated QoS for the service. PDP context is realised by Radio Access Bearer and CN bearer.
- Radio Access Bearer (RAB).
Part of the PDP context activation process is the creation of RAB. RAB is a logical connection in the user plane with QoS profile indicated by PDP context (NAS) to transport the data across the radio interface to the CN. RAB extends from UE to SGSN, and comprises of RB and Iu bearer. 
- Radio Bearer (RB)
Part of the RAB creation is the establishment of RB. RB is a connection to transport the data between UE and RNC, contains L2(MAC, RLC and PDCP) parameters, configured according to the related RAB.
Furthermore, the relation between RAB, RB, PDP Context is explained in TS 23.060:
There is a one-to-one relationship between NSAPI, Radio Access Bearer, and PDP context. In the packet domain, there is also a one-to-one relationship with Radio Bearer Identity. 
QoS architecture in UMTS provides the ability for a single UE to connect to several service domains identified through APN to obtain several services, each maybe with different QoS.
Each service with a specific QoS will trigger the activation of a PDP context which will be identified by NSAPI, and followed by the establishment of RAB and RB.
The relation between RAB, RB and provision of multi QoS services in UMTS is shown in figure 1.
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Figure1. The relation between RAB, RB and multi QoS service in UMTS

2.2 RAB and RB attributes 
The creation of RAB utilises RANAP ‘RAB assignment request’ message from SGSN to RNC with parameters defined in [3]. Those parameters are: Traffic Class, Maximum Bit Rate, Guaranteed Bit Rate, Delivery Order, Maximum SDU size, Transfer Delay.

RNC establishes RB using RRC message ‘Radio Bearer Setup’ to support the designated RAB with the following parameters: ‘RAB information for setup’ which includes identity of the specific RAB to which RB is configured, and ‘RB information to setup’ which includes the information of which RB to be configured, RLC info, PDCP info.

In UMTS, it is designed that an RB is configured to cope and support each parameters designated in RAB parameters.
2.3 Concerns on current RAB and RB architecture
Although RAB and RB architecture in UMTS is well design for carrying QoS flow simultaneously, the architecture was optimized for a dedicated channel concept, meaning that, it is necessary to establish (delete) a PDP context, RAB, and accordingly RB for each and every service (negotiated QoS). 
Concerns on the necessity of individual signalling for RAB establishment are listed below:

· Frequent signalling between UE, RAN and CN due to the necessity of individual signalling for RAB, RB establishment (deletion) for every QoS

· Complexity in RAB state management
In UMTS, when a user concurrently uses several services with different QoS, several RABs are established to support the transport. The bigger the number or services being used, the bigger the number of RAB state that has to be managed. 
· User tendency towards multiple application use.
The situation where one would talk via VoIP while exchanging multimedia (presence information, picture, text, etc.) data will become more common in the near future. 
These situations demand a fast RAB establishment, and therefore, the mechanism of individual RAB signalling for every QoS is not effective
· Concern on the necessity to configure lower layer parameters 
Although there may be advantages to perform individual signalling for each RAB, RB establishment, such as the ability to set L2 parameters according to the service QoS, the ability to perform radio-related admission control, etc., there may also the advantages when lower layer (L2) does not have to be aware of service’s QoS, especially in the system with shared channel concept.
If lower layer does not have to be aware of the service’s QoS being transported, then the number of signalling for RAB, RB establishment can be decrease, a single RAB concept may be adopted and DiffServ-like concept can be applied for prioritizing QoS of the services within the RAB. (to be explained further in section 3.1)
3. DoCoMo consideration on RAB and RB concept for E-UTRAN
3.1 Proposal
DoCoMo considers that RAB and RB concept in 3G is basically re-usable with some improvements.
Basic principle and necessary improvement on RAB, RB concept is elaborated in the following:

Basic principle on RAB and RB concept:

· Hierarchical layer for data connectivity is re-used. 
In UMTS hierarchical layers comprise ‘PDP context’, ‘RAB’, and ‘RB’. In this document those layers are referred as ‘Data Flow’, ‘RAB’ and ‘RB’.
The reason why RAB concept is re-use are as the following:
· To support for IP connectivity with multiple Service Domain
To support IP connectivity with multiple Service Domain, it is necessary to identify each Data Flow from each Service Domain via a logical connection such as RAB

· To support if there is the necessity of individual RAB establishment for services with tight QoS (when necessary)
Services with tight QoS might need specific configuration of the lower layer. Specific configuration of the lower layer can be achieved by correspond a specific QoS to a RAB, and configuring RB according to the RAB attributes, so that the radio related parameter configuration support the necessary QoS.

· To support if there is the necessity of radio resource-related Admission Control

Improvements on RAB and RB concept:

· The ability to perform packet by packet QoS identification within RAB
The following concept  is adopted:

· Data Flow from each Service Domain corresponds to one RAB

· A single Data Flow is able to support the transport of several services, each with different QoS (no Secondary PDP context concept)

· Several services that co-exist in the aforementioned RAB are differentiated packet by packet with QoS identification. (See examples in section 3.2)
With this approach, the number of individual RAB signalling and hence the number of RABs can be decreased.

·  Necessity to study whether free correspondence between RAB and RB is possible
The following are the reasons why it is considered necessary to study RAB and RB free correspondence:
· If RAB and RB may not necessarily to be one-to-one corresponded, it is possible to map several RABs with similar QoS into the same RB. 
· No RB configuration is required when a new RAB has the same QoS profile as the existing RAB, is activated. (See example in section 3.2 figure 4)

3.2 Example of the relation between RAB, RB and QoS

3.2.1 Example of the correspondence between RAB and RB in single IP connectivity environment
Figure 2 is the example of RAB and RB correspondence in single IP connectivity environment where there is only one default RAB and one default RB. 
The QoS for each service is differentiated using scheduler’s priority queue only.
The advantage of this approach is the number of signalling to establish RAB and RB can be decreased.
The disadvantage of this approach are:
- the concern on whether the QoS requirement for all services can be achieved, for example when VoIP and BE services are transported in the same RAB and RB  
- lack of ability to configure lower layer parameters according to the required QoS
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Figure2: RAB and RB correspondence in single IP connectivity
Figure 3 is the example of RAB and RB correspondence in single IP connectivity environment where a new RAB is established for QoS which requires tighter RB configuration.
The advantages from this approach are: 
- services with similar QoS may still be transported using the same RAB
- it is possible to configure lower layer (L2) parameters to support services with tight QoS

The disadvantages are on the necessity to perform signalling for RAB establishment and the increase on the number of RABs.
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Figure3: RAB and RB correspondence in single IP connectivity
3.2.2 Example of the relation between RAB and RB in multi IP connectivity environment

Figure 4 is the example of RAB and RB correspondence in multi IP connectivity environment where both RAB from the two service domains are of the same attribute: default RAB for best effort service, and both RABs are corresponded to a single RB.
Two RABs are established to logically identify transport of Data Flow from two different Service Domains.

The advantage from this approach are: 
- the ability to identify transport of Data Flow from two different Service Domains
- no need to setup additional RB since the RABs are of the same/similar QoS
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Figure4: RAB and RB correspondence in multi IP connectivity
Figure 5 is another example of RAB and RB correspondence in multi IP connectivity environment where a new RAB is established for services which require tighter RB configuration

Figure 5 is the example of the most complicated case where all the possible correspondence of RAB, RB and the transported Qos are described.
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Figure5: RAB and RB correspondence in multi IP connectivity
As described above, regarding the transport of services with different QoS, theoretically there can be various combination in corresponding RAB and RB, because RAB can accommodate various types of QoS and RAB and RB can be arbitrarily established, not necessarily to be one-to-one corresponded.
However, DoCoMo also believes that it is necessary to restrain the number of combination for test specification in later stage.
4. Open issues and way forward
Regarding the concept of RAB and RB and their relation to QoS mapping, the following points needed to be clarified. The following list addresses open issues on the regarding subjects. Working groups where these issues should be discussed are shown in the brackets.
1. RAB concept and QoS mapping (RAN3 and SA2)
· It is an open issue whether RAB concept from UMTS will be re-use. If not, it is necessary to define new definition for data connectivity layer for E-UTRAN.

· It is an open issue on how QoS should be mapped and transported. Should there be one-to-one correspondence between RAB and QoS, or is it allowed to map several different QoS into one RAB.

2. RAB reference point (RAN3 and RAN2)
It is open whether the reference point of the RAB is above or below Header Compression and Ciphering functions.
3. RB reference point (RAN2)
· What function should be set up in RB configuration? 
-  Header compression and ciphering included
-  MAC element (HARQ and scheduler related parameters)
-  Other lower layer element


· How and when should RB be defined?
- Should RB be defined for each RAB flow?
- Should RB be defined when each RAB flow is established (except for the default RB)?
- Should a set of default RBs be defined for each RAB flow?
- Should one default RB be defined for all RAB flow (independent to the RAB flow)? 
5. Conclusion
RAB, RB and QoS mapping in UMTS is reviewed.

High level concept of RAB and RB, and QoS mapping for E-UTRAN is studied.
DoCoMo considers that the concept of RAB, RB and QoS mapping in UMTS maybe be re-use with some improvements as elaborated in section 3.1. 
A list of open issues on the concerning subject is listed for the purpose to kick off and/or continue the discussion in the appropriate working groups.
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