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1
Introduction

During the previous SA WG2#122bis meeting, there were proposals and a discussion on a need to extend the number of dedicated radio bearers for E-UTRAN [1]. As pointed out in related papers, current E-UTRAN has a limitation that only 8 dedicated radio bearers (DRBs) can be established per a UE, which is according to the analysis from some operators is not enough to support certain cases when a device runs simultaneously for multiple purposes. Based on that, SA WG2 sent LS to other WGs asking to assess whether it is possible to extend number of radio bearers [2], which was further discussed in RAN WG2, CT WG1 and CT WG4. According to the RAN feedback [3], the number of bearers can be extended to 15; and CT WG1 and CT WG4 also concluded there is no obstacle to increase the number of supported EPS bearers up to 15 [4]. Finally, SA WG2 sent the LS to all the WGs [5] indicating two alternatives for extending the number of bearers, 11 and 15, whereupon 15 is the preferred number from the SA WG2 perspective.
In this discussion paper we present a motivation for extending number of bearers for LTE and provide further technical and the specification impact analysis for two alternatives mentioned by SA WG2, 11 and 15 bearers. 
2
Number of DRBs for E-UTRAN
2.1
General motivation

When the LTE Rel-8 system was standardized, only a limited number of services was envisioned for which companies agreed to introduce 8 radio bearers at the RAN side. Such a decision was motivated by a tradeoff between the QoS requirements and UE processing capabilities. Furthermore, it was believed that 8 bearers would cover all the major use cases, such as voice and data connection. However, as new services and use cases started to emerge, e.g. MCPTT, V2X, MTC, it became evident that 8 bearers could be not enough to ensure all the QoS requirements and to isolate traffic from different sessions [1]. While in some cases it is in principle possible to put traffic from different services and content providers into the same radio bearer, it might inevitably lead to compromised QoS and/or incapability to ensure fair resource allocation between them. Furthermore, there are cases when several PDN connections should be established, whereupon it is not even feasible to multiplex traffic into the same DRB. As the LTE is highly anticipated to play a crucial role in the whole wireless ecosystem in the near future, it is critical to secure its flexibility and readiness to support newly emerged services and potential use cases.

Observation 1a:
As LTE is anticipated to play a crucial role in the whole wireless ecosystem, a larger number of bearers is needed to support new services and use cases.  
It is also worth noting that there is an ongoing WI aiming to connect LTE eNB to 5GC, whereupon LTE eNB should ideally be able to support more DRBs to allocate traffic from different slices (each requiring at least one PDU session) and QoS flows to different DRBs. From that perspective, having more DRBs in LTE Rel-15 would also facilitate better service provisioning for LTE connected to 5GC. If it is not possible to establish a number of DRBs in RAN, then it is not possible to protect traffic belonging to different slices and to different QoS flows within a particular slice. Finally, as discussed and already concluded during the RAN2#99bis meeting, the NR system is anticipated to support at least 16 radio bearers to address enhanced QoS and slicing models provided by 5GC. As a result, having the extended number of DRBs for LTE would also reduce noticeable probability of a potential service disruption upon handover between NR and LTE.

Observation 1b:
Having up to 15 DRBs in LTE also facilitates the "LTE connected to 5GC" feature, in which 5GC supports new slicing and QoS models. 

Observation 1c:
Having up to 15 DRBs in LTE also aligns it with NR, for which the preliminary decision is to have 16 DRBs.
2.2
Extension of the number of dedicated radio bearers

2.2.1
Specification impact analysis for 11 radio bearers 
As already presented and discussed in RAN WG2, one of the limitations for a larger number of DRBs in the RAN specifications are due to the number of logical channel that the MAC header can convey. As there is a one-to-one mapping between the DRB ID and the logical channel ID, the latter should be extended to support more DRBs. Similar changes have to be introduced in TS 36.331, where existing logicalChannelIdentity IE can address values only in range of 3..10. 
It should be noted that even though RAN specifications allow to establish only up to 8 DRBs, internal ASN.1 structures already have space for up to 11 DRB elements. In other words, extending number of DRBs up to 11 will require only minimal ASN.1 changes. In [6] we present a set of pseudo CRs showing all the relevant changes for the RAN specifications.
With regards to changes in TS 36.331, RAN WG2 will also need to discuss and address how many RLC AM and UM entities a UE shall support with the extended number of DRBs. On the one hand, sub-clause 11.1 indicates that a UE shall support "#RLC-AM =#DRBs+2" which accounts for the fact that SRB1 and SRB2 must have RLC AM mode, and all the remaining DRBs could be configured with RLC AM. There also exists FGI#20 bits that allows to indicate that a UE supports "5 AM + 3 UM" RLC entities. Thus, it should be discussed further in RAN WG2 on how many RLC AM and UM entities a UE would support in case we extend the number of DRBs.

Observation 2a:
RAN TS 36.321 and TS 36.331 specifications should be extended to support up to 11 radio bearers. 

As noted earlier and informed in [4], the core network information element containers already support 11 EPS radio bearers and no changes are needed. 

Observation 2b:
In TS 24.301 and TS 24.007, 11 EPS bearers are already supported and no changes are needed.
Nevertheless, the CN needs to know whether a UE supports extended number of LTE bearers. If legacy UEs support only 8 DRBs, while new UEs support up to 11 DRBs, the core network must be able to differentiate between them to make a decision on how many EPS bearers could be instantiated. The most straightforward solution is that there should be the corresponding information introduced into the UE network capability IE in TS 24.301 signaled over the NAS protocol.

Observation 2c:
In TS 24.301, the UE network capability information should be updated to introduce support for the extended number of EPS bearers. 

A list below provides a summary of anticipated specification impact analysis listing the corresponding specifications: 
-
RAN specifications:
TS 36.321, TS 36.331, TS 36.306

-
CT specifications:
TS 24.301

2.2.2
Specification impact analysis for 15 radio bearers 
The RAN level specification impact in case of 15 radio bearers is the same as for 11 bearer, i.e. we need to extend both MAC and RRC specifications. The only difference is the existing DRB lists in ASN.1 support only 11 entries, and thus more ASN.1 changes are needed to enable up to 15 entries. 
Observation 3a:
RAN TS 36.321 and TS 36.331 specifications should be extended to support up to 15 radio bearers. 
As noted earlier and informed in [4], the core network information element containers already support up to 15 EPS radio bearers. The only change that we need to introduce to allow using all the 15 bearers is to modify reserved bits in the EPS bearer context status information in TS 24.301. A similar change is needed in TS 24.007 to indicate that values 1..4 are not reserved but can be used for EPS bearer identity.
Observation 3b:
In TS 24.301 and TS 24.007, several marginal changes in the specifications are needed to change "reserved" bits.
As in case of 11 bearers, the CN needs to know whether a UE supports extended number of LTE bearers. The core network must be able to differentiate between legacy and new UEs to make a decision on how many EPS bearers could be instantiated. The most straightforward solution is that there should be the corresponding information introduced into the UE network capability IE in TS 24.301 signaled over the NAS protocol.

Observation 3c:
In TS 24.301, the UE network capability information should be updated to introduce support for the extended number of EPS bearers. 

A list below provides a summary of anticipated specification impact analysis listing the corresponding specifications: 
-
RAN specifications:
TS 36.321, TS 36.331, TS 36.306

-
CT specifications:
TS 24.301, TS 24.007

-
SA specifications:  
TS 23.401, 23.167 

3
Conclusions

In this discussion paper we have presented general motivation to increase number of bearers of LTE. As noted by SA WG2, there are two major alternatives – 11 and 15 bearers – but both of them can be easily supported with relatively marginal changes in RAN and CT specifications. On the one hand, 11 radio bearers would require fewer changes as most of the RAN level containers already can have 11 entries. On the other hand, 15 radio bearers for LTE would make it closer to NR, for which the preliminary decision was to introduce 16 radio bearers.
Proposal:
Extend the number of LTE bearers from 8 to 15 for Rel-15.
The corresponding WI proposal can be found in [8].
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