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1. Introduction
The INOBEAR work item has no nominated study phase, but before contributing/approving CRs, agreement is needed about the key aspects of the solution. This discussion paper intends to facilitate this.
2
Key assumptions for INOBEAR

In this section, assumptions are listed that have been made when providing the analysis in this document.

Note that only those are listed that are not directly covered by the WI.

	Id
	Area
	Assumption
	Action needed

	AS1
	UE capability
	· There will only be a single new UE to network capability indication added, which is to inform the network that the UE can support 15 bearers.
· RAN2 may agree to define various combinations to split the 15 bearers between AM and UM bearers, but that is assumed to remain invisible / left out of consideration for / by the core network
	None. There is no more “granularity” for the increase in the no. of bearer defined in the RAN WI either. Should RAN see reasons to define more granular support that may impact core network, they should approach SA2.

	AS2
	Homogeneity of support for INOBEAR
	· Various combinations of eNB, MME, SGW, PGW capabilities shall be taken into consideration, including that different entities of the same nodes in a PLMN (or for handover across PLMNs) may be different

· E.g. mobility events from source eNB with 15 LTE bearers for a UE to a target eNB supporting only 8 bearers need to be catered for. Same applies for MME and SGW, with 11 vs 15 bearers supported by new vs old MME / SGW in a procedure with MME change, or SGW relocation, respectively. 
· Any combination of these could be relevant in a single procedure.
	Currently we only can make this assumption, but from this analysis, it becomes clear that this leads to unwanted complexities. 

Input from network operators about preferred/acceptable minimal level and combination of differences between nodes would be required to simplify the solution.

	AS3
	5G / EN-DC
	· 5G with EN-DC (option3 family) is implicitly in scope but there are no impacts

· The key assumption behind this is that the split bearers have no impact to the number of EPS bearers that are supported by a MeNB (with SgNB connected) or in the UE

· This means then that the 2 capabilities (support of 5G/option3 and supporting 15 EPS bearers) are independent in both the RAN and UE

· Instead of eNB, read “MeNB” in the coming slides. 

· For Option3X, the gNB handles the EPS bearer, but gNB is supposed to support 16 bearers (for NR), i.e. it is not expected to present any limitation
	None


3
Key issues and proposed way forward
This section provides an analysis of the key issues for INOBEAR recognized so far. 

A summary of the key issues / proposed decision is summarized in the below table

	ID
	Decision needed
	Explanation
	Proposed way forward and required action

	KI1.
	Network support indication to UE
	Is this needed in order to ensure that UE supporting 15 bearers can work with a network supporting 8 (RAN) /11 (EPC) only?
	Do not provide network support indication

	KI2.
	Optional/mandatory support of 15 bearers (Rel-15 onwards)
	This is to be decided for UE, RAN, core network
	Optionality for UE and RAN to be decided by RAN group; mandate it in core for Rel-15 onwards

	KI3.
	Visibility of eNB support in MME
	MME shall know whether the eNB supports 15 bearers in order to prevent some procedures from failing (TBC)
	Provide eNB capability indication for 15 EPS bearers on S1AP
Required action: LS to RAN3 indicating that S1AP will need to be changed

	KI4.
	Prioritisation of bearers to be retained during mobility procedures
	In cases, where the target node can’t support all bearers, the source node shall decide which ones to retain. Is there a need to standardise, how such decision is to be made
	Do not standardise the way how the bearers are selected. 

	KI5.
	Handling 8 vs 11 bearers as limit for networks not supporting 15 bearers
	How many bearers are those nodes supporting that do not support 15 bearers? Is this the limit that a source node should use for down-selection?
	In the EPC, MME shall select 11 bearers to be retained. Further down-selection is to be left for eNB or SGSN.

	KI6.
	Improving node selection for INOBEAR
	Should there be standardised methods to select MME, SGW, PGW that support 15 bearers?
	No normative specification of the methods for selecting MME and SGW/PGW for maximising the no of bearers supported across the non-homogenous network. 

	KI7
	Handling the max number of “bearers” on-3GPP access
	Non-3GPP access is out of scope, but adding 15 bearers changes the existing limitations for HO to/from 3GPP access that have been captured in TS 23.402
	Do NOT define any new functionality for non-3GPP access. Add clarifications to TS 23.402.

	KI8
	Down-selection of bearers when node capability is not known
	There are scenarios where the source node needs to send the list of bearer context to a target node before receiving any information about its capabilities supporting 15 bearers. It may use try/reject/retry option or send only “legacy list of bearers” first.
	Use retry with down-selected bearers to complete a procedure when needed.
Required action: SA2 to send LS to CT4 about the feasibility use of retry mechanism / whether it is considered appropriate

	KI9
	Optimising the protocol values for interworking with nodes not supporting INOBEAR
	The MME is responsible for managing the EPS bearer IDs on the NAS and core network side (GTP) as well. In a network with non-homogenous support, the MME may improve the preservation of the bearers if it would ensure that the EPS bearer IDs that are supported by “legacy” nodes are used with preference.
	Leave any optimisation of EPS bearer ID management to stage3 and/or for vendor implementation.
Required action: SA2 to send LS to CT1/CT4 whether such optimisation would be needed 

	KI10.
	Prioritisation of the scenarios of uneven network node capabilities 
	How to handle those impacts that were not included in the original proposal but require work by other TSG/groups (e.g. RAN3) not asked before?
	Required action: Confirm whether SA2 sees the need to cover all the non-homogenous cases and send LS to impacted groups with urgency


Analysis for the key issues:

3.1 Key issue 1 

Issue: Network support indication to UE
Description of the issue: 

· As per the WI objective, “Interworking shall be provided between a UE that support the increased number of bearers and a network that does not support the increased number of bearers”
· Such interworking is usually interpreted that both UE and network can act with correct assumptions what to expect from the other
Pros: 

· With knowledge about the network support, UE can make optimal decision for releasing resources before initiating emergency calls (c.f. 23.167, section 7.1). 
“In the case that the UE has insufficient resources or capabilities to establish an emergency call due to other ongoing sessions then the UE should terminate the ongoing communication and release reserved bearer resources”

· 3GPP specifications optimised the call setup time for emergency calls, i.e. adding “trial and error” option (UE with 8 bearers requests more for emergency) would not be in line with existing practice. Also the (PCRF/PGW initiated) dedicated bearer setup for emergency voice could be prevented by the lack of bearers if the UE leaves too many bearers up, by making wrong assumptions about the network support. This leads to the emergency call failing.
Cons:

· It is not feasible to provide correct indication. 
· The indication would only be feasible and meaningful in a network with homogenous support for the 15 bearers. However, the WI scope does not define any limitation for the homogeneity in the support of the INOBEAR capability by individual nodes. Without such limitation, it is not well defined, what a “network supporting the increased number of bearer” means – it can be interpreted only as the combination of the nodes serving the UE at a given point of time. However, this keeps changing with mobility and with adding new PDN connections, i.e. involving further PGW(s).

· While the network support changes could be updated to the UE at the completion of the relevant procedure, the MME cannot have a priori knowledge about the support of 15 bearers by the PGW that would be used for a new PDN connection requested by the UE. E.g. if a UE has 11 bearers and requests a new PDN connection, this may or may not be feasible, depending on the APN and the capability of the corresponding PGW that can serve it. 
· This means the MME indication for network support of 15 bearer would only be correct if all PGWs supported the EBI values needed for 15 bearers. As this cannot be assumed, the MME is not able to provide a correct indication
Proposed way forward: 

· No network support indication provided to the UE about the max no. of bearers
· As a consequence, also a UE supporting 15 bearers should retain only max. 6 bearers (i.e. release all others) before requesting emergency PDN connection, as if the network can support only 8 bearers, this may prevent the setup of the emergency call.
3.2 Key issue 2 

Issue: Optional/mandatory support of 15 bearers - in UE and network
Description of the issue: 

· Decision is needed whether the support of 15 bearers will be optional in the RAN, UE and core network
· The SA WI for INOBEAR defined that “It is expected the work will address at least indicating UE capability and the network providing information of supporting it (for roaming/home routed traffic, both VPLMN & HPLMN)”
· Telstra understands that optionality will be RAN2 decision for the new UE capability (to be added to TS 36.331) and for the eNB. While formally, UE radio capability and a UE network capability can be separate, they should be used as one / in line – the UE either indicates both or it does not. This also means that the capability is either optional for both RAN and core, or mandated for Rel-15. This, together is considered to be RAN decision.
· Mandatory vs. optional support in EPC shall be decided by SA2. 

Pros for mandatory support of INOBEAR in EPC:
· As the analysis in the current document and in the attached examples for impacted procedures reveal is, the non-homogenous support of 15 bearers in a PLMN leads to additional complexity, inferior user experience and may lead to occasional failure of procedures. Therefore, it would be strongly suggested that such uneven support is only temporary – i.e. depending on SW rollout and availability of the features in a multivendor network. Mandatory support from Rel-15 onwards would ensure that after a potential transitions, PLMNs can achieve homogenous support.

Cons:

· <<None defined here>>
Proposed way forward: 

· Mandate the support of it in core for Rel-15 onwards

Action required: 

· SA2 to liaise with RAN2 to align the optionality for INOBEAR across UE, RAN, CN
3.3 Key issue 3 

Issue: Visibility of eNB support in MME
Description of the issue: 
While the UE capability is indicated to the eNB and to MME, the MME may not have information whether the eNB in use for the UE supports 15 bearers as well. 
Pros: 

· It appears that such information is needed to prevent some procedures – e.g. service request procedure – from failing, due to a list of bearers incomprehensible for the target eNB.
Cons:

· This eNB capability indication should be included in S1AP / in TS 36.413 - managed by RAN3; this group was so far not involved in the INOBEAR work
Proposed way forward: 

· Provide eNB capability indication for 15 EPS bearers on S1AP, appended to the NAS signalling messages.

Required action: 

· SA2 to send LS to RAN3 indicating that S1AP will need to be changed

3.4 Key issue 4 

Issue: Prioritisation of bearers to be retained during mobility procedures – can / shall it be standardised?
Description of the issue: 

· Mobility procedures may require selective bearer release to ensure that the procedure is successful; this is the case when there is more than 8 or 11 active bearers and one of the target node(s) supports only 8 (eNB) /11 (MME, SGW) bearers.
· Network operators should be able to prioritise the services for which the bearers will be retained. 
· The prioritisation will happen in the source node that needs to send UE context to a target node not supporting all the existing bearers (>8 / 11, see also KI5)
Pros for standardising the prioritisation mechanism: 

· Standardised mechanism is likely to lead to more consequent user experience across a multi-vendor network

· There are generic rules to be followed: 
· Both eNB and MME shall take into consideration that dedicated bearers can be retained only if the default bearer is retained. 

· For mobility from E-UTRAN to UTRAN/GERAN, a bearer with QCI=1 is to be handled as exception, due to SRVCC. 
Cons:

· The prioritisation is executed by a single node so in itself it is not subject to interworking – no need to define it by SA2.

· Network operators may have very different preferences for the prioritisation.

· While the MME has visibility to a wider set of subscription based information (e.g.  APN name / context ID) and could have a configuration to take those into consideration, the eNB can only see the QoS parameters (QCI and ARP level being prime candidates). MME may make better decision
· The best bearer strategy can be different depending on the target RAN as well, given that dedicated bearers typically cannot be handed over to UTRAN / GERAN (is there is any known implementation of secondary PDP contexts?) Different access networks have different importance for different network operators
Proposed way forward: 

· No normative specification of the methods for selecting bearers. 
· Provide editor note(s) that eNB and MME should be able to select bearers based on type (default/dedicated) of bearers, ARP, QCI and take the target RAN into consideration. Send LS to RAN2 (and RAN3) in order to ensure eNB and MME behaviour are aligned.  

3.5 Key issue 5 

Issue: Handling 8 vs 11 bearers as limit for networks not supporting 15 bearers
Description of the issue: 

· It needs to be defined how many bearers the MME shall preserve when it has to down-select the bearers due to mobility. 
Pros for MME retaining 11 bearers: 

· Considering mobility case in E-UTRAN, where a UE has 11 bearers, the eNB supports 15 bearers but the target MME or SGW does not support 15 – if it complies with pre-Rel15 EPC, it does support 11 still - it is advantageous to keep all 11 bearers. If the target eNB does not support more than 8 bearers, it shall be able to down-select it further to 8 bearers.
Cons for MME retaining 11 bearers:

· So far, the core network limit was 11 EPS bearers, but this has never been used, as no UE ever supported more than 8 bearers. With the introduction of UEs and nodes capable to support 15 bearers, a decision is needed, how many bearers to retain if the target EPC node does not support 15 bearers.
· An eNB not supporting 15 bearer supports only 8, i.e. that can be the least common denominator to be used for consistent user experience.
Proposed way forward: 

· In the EPC, the MME shall select 11 bearers to be retained. Further down-selection is to be left for eNB or SGSN.

3.6 Key issue 6 

Issue: Improving node selection for INOBEAR
Description of the issue: 

· In a network where only some MMEs support 15 bearers, it would be advantageous if only those MMEs would be assigned to a UE that supports 15 bearers. This could be possible by improving the MME selection capabilities defined in TS23.401. 
Another potential way could be DCN selection by the eNB, based on UE capability for 15 bearers. This would require introduction of new methods similar to eDECOR, and it does not seem to be justified for a problem that is supposed to be temporary (i.e. network operators should be able to upgrade all their nodes sooner or later).  
· In a network where only some SGWs and PGWs support 15 bearers, the MMEs should be able to select those SGWs that do support 15 EPS bearers / PGWs that do support those EPS bearer ID values that were reserved before Rel-15/INOBEAR. This would be possible by improving the SGW and PGW selection capabilities defined in TS23.401. (The methods defined in TS 29.303 could be extended to use new “tag” similar to the one added for selecting an SGW/PGW node supporting a particular network slice/DCN.)
Pros for improved node selection for INOBEAR: 

· Improvement in node selection can be advantageous, where there is a larger set of resources, with some having additional capabilities. 
Cons:

· The typical scenario to implement new features in a PLMN is that SW upgrade is rolled out across nodes when the capability becomes available. It is not usual to keep some nodes intentionally backward. E.g. the existing SGW and PGW selection is defined to support topology selection and PGW connectivity to various PDNs, not for temporary SW capabilities.
· There is an existing solution for such improved node selection: using network slicing. MMEs in a dedicated core network should support 15 bearers and the UE should be steered to such DCN, based on DECOR or eDECOR. It is recognized that would require provisioning DÉCOR and/or support of eDECOR in the UEs. 
Proposed way forward: 

· No modification to the MME selection (section 4.3.8.3 in TS 23.401) for the optimal MME selection for the number of EPS bearers

3.7 Key issue 7 

Issue: Handling the max number of “bearers” on-3GPP access
Description of the issue: 

· There is no agreed requirement agreed for the WI to change the number of bearers supported on non-3GPP access
· Still, it needs to be agreed what this exactly means: what shall happen if a UE having 15 bearers on LTE access will hand over to non-3GPP access?
· We understand that the maximum number of “bearers” supported on non-3GPP access depends on the protocol options used. 
· For GTP based S2a / S2b, maximum 11 PDN connections or “bearers” can be supported as per TS 29.274 EPS bearer ID. 
· For PMIP based S2a / S2b, PDN connection ID is used and as per TS 29.275, section 12.1.1.15 defines it as 4 bit value – i.e. 16 values. Therefore, up to 16 PDN connections could be supported on PMIP. (A note in the section clarifies that the format is aligned with the EPS bearer ID, but there are no values reserved.) 
· For DSMIP (S2c), there is no limit defined in TS 24.303. The UE manages each PDN connection separately to a PGW, and could setup as many PDN connections, (to different PGWs) as the number of APNs as it is subscribed to. 
· There is a general requirement though in TS 23.402 to support handover to/from 3GPP access. 
· Section 8.1 describes the aspects of multiple PDN connections for non-optimised HO – but it only provides clarification for cases where non-3GPP access has limitations i.e. some of PDN connections has to be released at HO to non-3GPP access.
· For the HO from non-3GPP to 3GPP access, a limitation applies today that only up to 8 bearers / PDN connections can be handed over – but that has not been clarified so far. 
Pros for handling INOBEAR for non-3GPP access: 

· While there is no requirement to increase the number of bearers, the existing specification may be incorrect/incomplete without modifying it.

E.g. if we do not define any new capabilities for the ePDG or TWAG supporting GTP, that ePDG/TWAG will not be able to handle more than 11 bearers/PDN connections. A clarification (in TS 23.402/section 8.1) would be needed that for a UE supporting 15 EPS bearers, only 11 can be handed over to such node. 

Cons: 
· Non-3GPP access is not part of WI.
Proposed way forward: 

· Do NOT define any new functionality for non-3GPP access. Add clarifications to TS 23.402.
3.8 Key issue 8 

Issue: Down-selection of bearers when node capability is not known
Description of the issue: 

· There are scenarios where the source node needs to send the list of bearer context to a target node before receiving any information about its capabilities supporting 15 bearers. This is the case e.g. with handover involving new target MME: the source MME sends the bearer Contexts in Forward Relocation request, which is the first message between these nodes. I.e. assuming there is no a priori information (node configuration) and no improved node selection (as per KI6), the source MME does not know whether the target MME will accept the full list of bearers, if there is more than 11 bearers used or if there is any EPS bearer ID used that was reserved before INOBEAR. 
· One option is to send the full list of bearers. Should the target node reject such request, the source node can down-select the bearers and send only a bearer list that is supported by a legacy (not INOBEAR capable) node.
· The other option can be to send the original request with only the “safe” down-selected list and a notification that support for 15 bearers is required. If the target node then indicates in its response that it supports 15 bearers, the source MME shall send another request with the full list of bearer contexts.
Pros for using retry mechanism: 

· It would take very significant change in the existing procedure definitions to add additional steps. They would also slow down procedures that are time critical (e.g. handover).
Cons for using retry:

· The source node may not receive any particular indication about the reason for the relevant request being rejected – this would depend on the protocols used and the particular error indication mechanisms.
Proposed way forward: 

· Use retry with down-selected bearers to complete a procedure when needed
Required actions: 

· SA2 to send LS to CT4 about the feasibility use of retry mechanism / whether it is considered appropriate
3.9 Key issue 9 

Issue: Optimising the protocol values for interworking with nodes not supporting INOBEAR
Description of the issue: 

· The MME is responsible for managing the EPS bearer IDs on the NAS and core network side (GTP) as well. In a network with non-homogenous support, the MME may improve the preservation of the bearers if it would ensure that the EPS bearer IDs that are supported by “legacy” nodes are used with preference.
· The MME could do one or more of the following
· It may allocate those backward compatible EBI values with preference – i.e. it would only use them when the UE has no more than 11 bearers 

· If the UE had more than 11 bearers but some were released, the MME may change the EBI of some bearers, i.e. move them to that backward compatible range.

· The MME may “reshuffle” the EBIs so that if would allocate the earlier reserved values (1..4) to the lowest priority bearers – i.e. to those that it would release if it had to down-select bearers due to mobility to non-supportive target nodes. Note that for this to work the MME should re-evaluate the situation after each bearer setup/release. 

Pros for improving EPS bearer ID management: 

· The advanced management of EPS bearer IDs may prevent failed mobility procedures that would happen when only such EPS bearer IDs are in use that that are not backward compatible
Cons:

· The management of EPS bearer IDs is the MME’s responsibility alone, i.e. no interworking is required that should be standardised.
· This topic is not for stage2, if at all, then should be handled in stage3.
Proposed way forward: 

· Leave any optimisation of EPS bearer ID management to stage3 and/or for vendor implementation.

3.9 Key issue 10 

Issue: Harmonising RAN and core WI scope for supporting INOBEAR in non-homogenous networks
Description of the issue: 

· The original WI proposal was limited to networks with homogenous support of the 15 bearers. The impacts of the non-homogenous support are very significant – additional procedures (X2-based and S1-based E-UTRAN handover, UE and network triggered Service Request etc) and additional steps in the procedures impacted also in homogenous network.

· These impacts have not been clarified earlier and are not reflected in RAN’s INOBEAR work ID.  

Impacts coming from non-homogenous support in eNB should be covered in RAN. TS 36.300 (owned by RAN2) would be impacted for the handover (c.f. section 10.1.2.1). The X2AP defined in TS 36.423 – managed by RAN3 - can be impacted. 
Required action: 

· Confirm whether SA2 sees the need to cover all the non-homogenous cases and send LS to impacted groups with urgency. 
4
Examples for impacted procedures and required changes

This section provides examples how certain procedures in TS23.401 are impacted for INOBEAR and shows which part of the relevant sections would be updated, if the proposed ways forward discussed in the previous section are agreed.

See the attached PPT slides.
