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Abstract of the contribution: This contribution provides the UE impact evaluation of S2-175383 and proposes the way forward to save the standardization and implementation efforts. This is an updated of S2-177505 seen at SA2#123.
1
Introduction
In the last SA2#121 meeting, S2-175383 proposed to increase the maximum number of EPS bearers from 11 to at least 15. The contribution has also provided an overview of possible service combination offered by operators, which shows that increasing the maximum number of supported (concurrent) EPS bearers of an LTE device could be justified. 
As in LTE design each EPS bearer is bundled with a set of QoS parameters, extending the number of supported EPS bearer per UE may be needed to address scenarios with concurrent traffic with diverse QoS characteristics, even if such scenarios could be deemed exceptional. 
In this contribution, an evaluation is provided of the impact (especially from UE perspective) to support increase of the maximum number of EPS bearers per UE.
Updates vs. S2-177505 presented at SA2#123 are shown in blue.
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Discussion

In LTE, the maximum number of EPS bearers is 11 given by the EPS bearer ID defined as 5 to 15 according to stage 3 specification. However, since EPS bearers are a collection of radio, S1 and S5/S8 bearers, the one-to-one mapping of these bearers implies that the maximum EPS bearer today is actually 8, bound by UE capability of supporting up to maximum 8 radio bearers and logical channels. Therefore, increasing the number of supported EPS bearers requires to consider the corresponding increase of supported radio bearers and logical channels, where RAN2 has provided input on the issue in [4]:

	It is possible to extend the number of DRBs  to 15 in Rel-15.  However, extending to 15 would have implication in RAN2 specs to extend the MAC header to support more logical channels which has an overhead impact. 

The extension of DRB to the number less than above is possible without having to extend the MAC header and still keeping a few “reserved” bits in the MAC specification for further use. 

Currently all UEs support 8 DRBs.  If the number of DRBs is extended, the number of DRBs supported will need to be signalled as part of UE AS capability and this will also need to be visible in the CN.  

The current 5AM and 3UM bearers comes from the FGI bit 20.  More flexible combinations of number of AM and UM bearers is feasible with UE capability signalling. 

The above response is valid for LTE connected to EPC as well as EN-DC (architecture option 3).  

The number of DRBs in NR will be in the range of 16..32 but RAN2 has not concluded on the final number.  

RAN2 would also like to ask SA2 whether there are constraints in SA2 specs that may affect the number of DRBs.


CT1 has provided some input in [5] indicating feasibility to increase the number of EPS bearers up to 15. However it is not really clear from the LS whether this view is for Rel-15 only or general.
	CT1 would like to confirm that it would be feasible to extend EPS bearer IDs support to maximum of 15. Following impacts are identified so far:
1.
Below IE needs changes:

a.
EPS bearer context status IE reserved bits EBI (1) to EBI (4) shall be used. 

b.
EPS Bearer ID reserved values EBI (1) to EBI (4) should be used.

2.
Interworking with A/Gb or Iu mode.

3.
Indication of UE capability of supporting this new EPS bearer IDs.

4.
Interworking between legacy UE and new MME or between legacy MME and new UE..


-
Signalling enhancement: From signalling aspect, the increasing of supported bearers directly related to the increasing size of bearer identities, i.e., EPS bearer ID, radio bearer ID and logical channel ID.
- 
EPS Bearer ID (EBI): The EPS bearer ID uses four bits in both 24.301 [1] and 36.331 [2], values 1 to 4 are reserved, while values 5 to 15 can be used. Reserved values could be used to slightly increase the number of EPS bearers. Larger extension would require additional signaling.
- 
Radio bearer ID (RB ID): The radio bearer ID defined in 36.331 [2] uses 5 bits, which can allow value up to 32. As a consequence, the extension of EPS bearer number below 32 has no specification impact in terms of RB ID.
- 
Logical channel ID (LCID): The logical channel ID defined in 36.331 [2] uses 4 bits, and only allows up to 8 logical channels, from LCID 3 to 10, to be configured simultaneously. Even though an extension in 36.331 is considered acceptable, it is worth to note that, the LCID defined in 36.321 [3] uses 5 bits in MAC header, value 1 to 10 is used and value 11 to 27 are left for future extension. This is much more important because it means that any increasing of more than 27 logical channels will require further User Plane interface change.
-
UE capability: 36.331 [2] mandates that a UE shall support 8 DRBs, 10 RLC AM entities. Furthermore, the FGI bits in Annex B defines the possible combination of RLC modes. These all implicitly restricts the maximum number of supported EPS bearers in the UE. Increasing the number of supported (concurrent) EPS bearers in the UE requires additional complexity beyond pure signaling matters (e.g. storage, processing). Therefore, even though the increase of supported EPS bearers is theoretically possible, it should only be considered as a UE option i.e. a distinct UE capability to support different maximum number of EPS bearers should be specified in this case.
-
Coordination at handover 
-
EPS with support for increased nr. of EPS bearers > GSM/UMTS network

-
The maximum number of EPS bearers in legacy EPS is the same as the maximum number of PDP contexts in GSM/UMTS networks, hence allowing one-to-one mapping between an EPS bearer and a PDP context at inter-RAT mobility. Increasing the maximum number of EPS bearers requires additional functionality for inter-system inter-RAT mobility from EPS to GSM/UMTS to handle the “extra” EPS bearers.

-
EPS with support for increased nr. of EPS bearers > Legacy EPC

-
Similarly to the above, additional functionality is required to handle the “extra” EPS bearers. While within a PLMN this scenario is unlikely (i.e. consistent upgrade throughout the PLMN at once is expected), inter-PLMN scenarios cannot be neglected. 

The Table 1 below lists the possible impacts in terms of NAS and AS layers.
	Increase the number of maximum EPS bearers to N
	N≤15
	15 < N < 27
	27 < N

	NAS impact
	-
Update of Inter-RAT mobility coordination procedure
	- 
EBI extension
- 
Update of Inter-RAT mobility coordination procedure
	-
EBI extension
-
Update of Inter-RAT mobility coordination procedure

	AS Impact
	-
Increasing UE capability of maximum supported DRBs, RLC entities, etc
	-
 EBI extension
-
Increasing UE capability of maximum supported DRBs, RLC entities, etc
	-
EBI extension
-
LCID extension
-
Increasing UE capability of maximum supported DRBs, RLC entities, etc

	RAN2 assessment
	Feasible
	Not feasible

	CT1 assessment
	Feasible
	Not feasible


Table 1. UE impact of increasing maximum EPS bearer number.
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Proposal [Updated]
We recommend SA2 to not extend the number of EPS bearers beyond 27, the changes required on the radio interface being otherwise prohibitive. Any further increase should be accommodated by means of 5GS deployments (network and UE) instead of further extensions to EPS (network and UE).
If the maximum number of EPS bearers is agreed to be increased, additional UE capability should be provided to allow UE implementation to support different number of EPS bearers i.e. this shall remain a UE option.

With regards to CT1 view not to extend the number of EPS bearers beyond 15 it is not fully clear whether this view is final or considering only Rel-15. One may indeed wonder whether, if an increase is needed, 15 is sufficient, however this should be clarified (as the proposal itself) by way of use case(s) – the overall use case is so far rather extraordinary. 

In light of the above, and given the extensive cross TSG/WG impact expected, a dedicated WI is required. We would also recommend that a proper study be conducted first, so normative work could then proceed (or not) based on solid conclusions.
Proposal 1: SA2 to agree not to extend the number of EPS bearers beyond 27. 
Proposal 2: If SA2 recommends an increase of the maximum number of EPS bearers, additional UE capability should be defined i.e. it shall remain a UE option.

Proposal 3: A Study WI under SA2 leadership is recommended before any normative work can be considered.
3
Conclusions
Proposal 1: SA2 to agree not to extend the number of EPS bearers beyond 27. 
Proposal 2: If SA2 recommends an increase of the maximum number of EPS bearers, additional UE capability should be defined i.e. it shall remain a UE option.

Proposal 3: A Study WI under SA2 leadership is recommended before any normative work can be considered.
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