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Introduction
3GPP have defined mechanisms for multiple PDN connectivity and differentiated QoS in LTE/EPS systems, which both rely on the EPS bearer concept: An EPS bearer is defined as a combination of Radio Access Bearer (RAN), S1 bearer and S5/S8 bearer, providing connectivity between UE and PDN. The 1:1 mapping between these bearers means that any limitation on one of them applies to the others. A separate default bearer is required in each PDN connection and differentiated QoS can be achieved via dedicated bearers / steering the particular traffic to them. 
This means that extending mobile service offerings to combine multiple individual services with different control (e.g. subscription) / different destination (PDN), or adding advanced QoS mechanism to existing ones is possible only by adding additional LTE/EPS bearers to the solution implementation. 
The procedures for managing PDN connections and dedicated bearers for LTE/EPS have been included in 3GPP standards since Rel-8; the maximum number of bearers have been defined in that release and not changed ever since. 
The maximum number of LTE/EPS bearers is defined actually as a UE capability parameter, Annex B1 of TS 36.331 [1]. Here, bits 7 and 20 define whether a UE supports unacknowledged mode (UM) besides acknowledge mode (AM) bearers and whether it supports 5 / (4AM+1UM) or 8 / (5AM+3AM) bearers altogether. For a voice capable (VoLTE or MC-PTT) device, the maximum number of “generic data bearers” is thus 5; for data-only device it is 8. 
It is important to note, that to our knowledge, no service or architecture level requirement requirements have been defined for Rel-8 or later; these bearer limits appear only in stage3 TSs. For the core network perspective, actually 11 bearers are technically allowed, the limitation being the EPS bearer ID that has 11 potential values, refer e.g. to TS24.301. [2]
Discussion

The RAN / UE capability related limitation (8AM or 5AM+3UM bearers) defined in Rel-8 reflects the device/chipset capabilities available in 2008. While processor capacity, energy efficiency and batteries have significantly improved since then, the limits to the supported bearers have not been revised.

Over time, 3GPP has extended the set of standardised QoS characteristics, adding new QCI values for MC-PTT, NMC-PTT and V2X. On the other hand, solutions based on the operator defined QCIs have been deployed as well. Other services, like VoLTE emergency calling (from Rel-9) added to the number of parallel bearers – and in this case, it has been recognized that the device may need to handle the case where it runs out of bearers and needs to release some, to make space for bearers on the emergency APN.
As a result of all the above, network operators, like Telstra, are facing increasing difficulties to implement more advanced services with advanced QoS scheme and trying to combine multiple individual service/product offerings – e.g. that of a VoLTE service, differentiated QoS offering for packet data, plus PTT services – for a customer, i.e. serve them via a single end user device (UE). 

The below table provides an overview of the different bearers that can be applicable for a UE providing such combined service offerings. 

	Application / product
	(Typical) APN
	EPS bearers
	Comments

	
	
	Default (AM)
	Dedicated (total)
	Dedicated AM
	Dedicated UM
	

	Browsing/packet data access for apps on UE + application specific QoS provided
	“Default APN”: Internet access OR 
Corporate APN (connection to a private IP network)
	1
	0..2
	0..2
	(0..2)
	Application specific QoS could use up all available bearers, but 2 levels of prioritisation above the default bearer is considered to be a reasonable QoS offering – but this is not an upper limit for such dedicated bearers by any means. 
Dedicated bearers might be UM (e.g. if provided for OTT voice/video), but AM is considered more generic. 

	Tethering + application specific QoS for it
	Internet access or corporate (IPVPN)
	1
	0..2
	0..2
	(0..2)
	Tethering could be merged with the internet APN/to same PDN connection, but this is not possible if IPv6SS is used and IPv4 device is to be tethered.

	MMS; other packet data based operator service
	Internet or dedicated APN
	1
	0
	0
	0
	Dedicated APN (separate from “default APN”) is needed to access the MMSC or operator provider server, if the customer uses corporate APN for “default”

	VoLTE/ViLTE 
	ims
	1
	0..2
	0
	0..2
	Refer to GSMA IR.92 [3] & IR.94 [4]

	VoLTE feature control; other service admin.
	hos
	1
	0
	0
	0
	Refer to GSMA IR.88 [4] , section 6.3.3

	VoLTE emergency calls
	sos
	1*
	1*
	0
	1*
	Explicitly defined UE requirements exist to handle bearer conflict – but in practice, it is hard to define/configure which bearers to release to avoid service interruption. Access to some data, e.g. maps or public safety data can be critical for emergency caller as well.  

	MC-PTT / NMC-PTT, MCData, MCVideo
	Dedicated APN
	1
	0..3
	0
	0..3
	Expected to use dedicated APN as these services require special QCI values. (Note: MC-PTT and NMC-PTT are considered mutually exclusive service offerings) Refer to TS23.379 [6], TS23.281 [7], TS23.282 [8] 

	Total no. of bearers
	
	1..6
	0..9
	0..4
	0..5
	VoLTE emergency call bearers (marked *) have been excluded from these figures; if they were added to avoid bearer release, we had up to 17 bearers


Even if we acknowledge that a case where all (or most) of the bearers in the above example is used in parallel are increasingly rare, the limitation in the number of bearers mean that

· Network operators can only provide siloed/segmented offerings on a single device (e.g. not more than 2 of VoLTE, (N)MC-PTT, advanced QoS for data and corporate PDN access), or

· Implement products by running at risk of bearer clashes – this means providing unreliable user experience, with hardly explainable exceptions where a given individual service either can’t be invoked (the service relies on new bearer(s) but other services have used up all 8 of them OR the required does not fit the 5AM + 3UM split), or do not provide the contracted QoS (dedicated bearer can’t be setup due to clashes, but the traffic is still carried over existing bearers).
Our conclusion is that the maximum number of LTE/EPS bearers, defined in 3GPP Rel-8 is not adequate for supporting the combination of various services, defined by 3GPP and GSMA over the recent years. 

With Rel-15 adding 5G NR, the expectation is that operators will first deploy the NSA architecture utilising their EPC core (Option 3 family). With 5G coverage initially available with limited areas, the 5G services will rely on falling back to LTE coverage. This means, addressing the bearer limitation in LTE remains important also beyond the 5G launch – irrespective of the bearer limitations on 5G NR itself. The EPC supports 11 bearers, and - unless changed in Rel-15 - this will remain relevant also for the 5G NSA (option 3 family). 
Conclusion:
We believe that from Rel-15, the maximum number of LTE bearers should be extended to at least to 15, also removing limitations from the possible combinations between AM and UM bearers. As per the example provided in this paper, this will enable network operators to provide combined and advanced services to the end users, over LTE and with 5G NSA. 
To avoid similar issues in the future, it would be practical to remove the limitations on protocol level (e.g. allow up to 255 values in the relevant parameters) and differences in implementations to be handled via device capabilities (similar to those in Annex B1 of TS36.331).

Note: 
Given that the 5G QoS concepts do not define strict mapping between 5G RAN bearers and QoS flows in 5GC, this discussion paper was intentionally limited to the LTE/EPS bearers. 
Proposal

It is proposed:

· SA2 / SA to agree about the desired maximum number and allowed combinations of LTE/EPS bearers from service & architecture perspective
· SA2 to send LS to the relevant RAN group (RAN2), to revise the bearer limitations in the RRC protocol and define appropriate device capability levels
· SA2 to send LS to relevant CT groups (CT1 & CT4), to revise bearer limitations in the NAS & core network interface protocols
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