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1
Introduction

During the previous SA WG2 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 is used 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].
Based on the output of the discussion after RAN2#99bis [3] and CT1#106 meetings [4], the preliminary CT WG1 conclusion is that there is no obstacle to increase the number of supported EPS bearers up to 15. In this discussion paper we present our further technical view on actual changes we need to introduce into the RAN and CT specifications to extend the number of EPS and RAN bearers. 
2
Number of DRBs for E-UTRAN
2.1
Overview of existing E-UTRAN framework

As already presented in [3], even though the E-UTRAN RRC signalling allows for assigning DRB ID in range of 1..32, the corresponding EPS bearer identity space is 0..15. In addition, there is a statement in TS 36.331 sub-clause 11.1 saying that the actual number of supported DRBs per a UE is 8. This fact is also reflected in the RRC signalling, in which the logical channel ID space is limited to 3..10 (whereupon logical channel ID values 0..2 are reserved for SRBs). Since there is one to one mapping between the DRB and the logical channel ID, current RRC signalling effectively does not allow for establishing more than 8 DRBs.
Observation 1a:
Existing RAN specifications limit the number dedicated radio bearers to 8.

From the core network perspective, the maximum number of EPS bearers is 16, which is also reflected in the RRC signalling as already elaborated earlier. Nevertheless, it should be noted that TS 24.301, sub-clause 9.9.2.1, defines a so-called EPS bearer context status information element containing a bitmap with number of bits corresponding to the maximum number of EPS bearers. At the moment, only bits 5-15 are used, while bits 0-4 are reserved; the same restriction also exists in TS 24.007.  So, existing core network specifications can address only 11 EPS bearers, but the whole framework can support up to 16 bearers not requiring noticeable changes. It should be also emphasized that EPS bearer identity 0 serves a special purpose and cannot be used for EPS data bearers (see Annex D). In other words, effectively only 15 EPS bearers can be supported by the core.
Observation 1b:
Existing CN specifications limit the number of EPS bearers to 11, while the framework supports up to 15 bearers.

As the overall summary, the existing E-UTRAN framework allows having up to 15 EPS bearer IDs [4], and the RAN side has a limitation for 8 dedicated radio bearers (this does not include 3 SRBs). 

2.2
Extension of the number of dedicated radio bearers

2.2.1
Specification impact analysis for RAN WGs 
As already presented and discussed in [3], 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.

Referring to the pseudo CR for TS 36.321 in Annex A, one can see that the UL MAC header has reserved values in range of 01101-10011, i.e. 13..19, allowing to introduce 7 more DRB IDs. The same ID space can be allocated in the DL MAC header without causing any backward compatible changes, as also exemplified in Annex A. 

Observation 2a:
In TS 36.321, the MAC header (both UL and DL) has a common space of reserved values 01101-10011 (13..19) allowing to introduce 7 more DRBs, i.e. up to 15 DRBs can be supported.
As for the TS 36.331 specification, existing logicalChannelIdentity IE can address values only in range of 3..10. So, a new field should be introduced in Rel-15 ASN.1 extension to convey larger logical channel values, as shown in Annex B. Referring to new ASN.1 extensions, the network will have a full freedom either to use (only) the legacy logical channel ID space or rely upon the extended values if more DRBs are needed. 
Observation 2c:
In TS 36.331, the Rel-15 ASN.1 extension can convey a field with extended logical channel identity values of 13..19.

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. 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 up to 15.
Observation 2c:
In TS 36.331, we need to clarify how many RLC AM and UM entities a UE shall support in the maximum number of DRBs is extended to 15. 
2.2.2
Specification impact analysis for CT WGs
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 (see Annex C for TS 24.301 pseudo CR). A similar change is needed in TS 24.007 (see Annex D for TS 24.007 pseudo CR) to indicate that values 1..4 are not reserved but can be used for EPS bearer identity.
Observation 3a:
In TS 24.301 and TS 24.007, several marginal changes in the specifications are needed to change "reserved" bits.
In addition, as 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 15 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 3b:
In TS 24.301, the UE network capability information should be updated to introduce support for the extended number of EPS bearers. 

It bears mentioning that extension of the number of dedicated radio bearers will not cause any backward compatible changes with legacy UEs. The network will always know how many bearers a UE can support, and as a result use the corresponding EPS bearer identities, which will be mapped by RAN into the corresponding logical channel identities. 
2.2.3
Specification impact analysis for SA WGs
The LS from CT WG1 [4] also mentions potential interworking issues due to the fact that the source and the target RAT support different number of radio bearers, e.g. upon handover from EPC/eNB supporting up to 15 bearers to the legacy EPC/eNB supporting only 8 bearers. As further detailed in our SA WG2 contribution [5], certain radio bearers should be removed upon transition to the RAT that supports fewer number of DRBs, and existing specifications already support this case as some DRBs could be dropped/removed (for various reasons) even during the handover between the legacy LTE nodes. 
2.2.4
Other considerations
As discussed during the RAN2#99bis meeting and concluded based on the outcome of the offline discussion [6], the NR system is anticipated to support at least 16 radio bearers to address enhanced QoS and slicing models provided by 5GC. As explained in [7], 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. 

As there is an ongoing WI aiming to connected LTE eNB to 5GC, the same requirement would also apply to ng-eNBs nodes, i.e. they should ideally be able to support more DRBs to allocate traffic from different slices and QoS flows to different DRBs. From that perspective, having 15 DRBs in LTE Rel-15 would also facilitate better service provisioning for LTE connected to 5GC. Furthermore, it would also reduce noticeable probability of a potential service disruption from NR, which is anticipated to have 16 DRBs as a baseline, to LTE in which the number of DRBs could be extended to 15.
Observation 4:
Having a possibility to establish up to 15 DRBs in LTE also facilitates the "LTE connected to 5GC" feature, in which 5GC supports new slicing and QoS models. 
3
Conclusions

In this discussion paper we have presented our further technical considerations for the extended number of dedicated radio bearers for E-UTRAN.  Based on the technical analysis of the RAN specifications, and especially TS 36.321, it is possible to allocate reserved bits for 7 more DRBs thus having up 15 DRBs in total. The core network framework already supports up to 15 EPS bearers, and only minor changes are needed to allow using them.
Proposal 1:
Extend the number of LTE bearers from 8 to 15 for Rel-15.
Proposal 2:
Indicate RAN WG2 decision to CT and SA.
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 24.301

-
SA specifications:  
TS 23.401 (under discussion in SA WG2 for potential impact, if any)
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Annex A: TS 36.321 pseudo CR
Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	Reserved

	01100
	Reserved

	01101-10011
	Identity of the logical channel

	10100
	Reserved

	10101
	Activation/Deactivation of CSI-RS

	10110
	Recommended bit rate

	10111
	SC-PTM Stop Indication

	11000
	Activation/Deactivation (4 octets)

	11001
	SC-MCCH, SC-MTCH (see note)

	11010
	Long DRX Command

	11011
	Activation/Deactivation (1 octet)

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding

	NOTE: Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding and SC-PTM Stop Indication


Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101-10011
	Identity of the logical channel

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Annex B: TS 36.331 pseudo CR
DRB-Identity ::=




INTEGER (1..32)
DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond SetupM

logicalChannelIdentity



INTEGER (3..10)


OPTIONAL,

-- Cond DRB-SetupM

logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond SetupM

...,


[[
drb-TypeChange-r12




ENUMERATED {toMCG}

OPTIONAL,

-- Need OP


rlc-Config-v1250




RLC-Config-v1250

OPTIONAL

-- Need ON

]],


[[
rlc-Config-v1310




RLC-Config-v1310

OPTIONAL,

-- Need ON


drb-TypeLWA-r13





BOOLEAN




OPTIONAL,

-- Need ON


drb-TypeLWIP-r13




ENUMERATED {lwip, lwip-DL-only,











 lwip-UL-only, eutran}

OPTIONAL

-- Need ON

]],

[[
logicalChannelIdentity-r15

INTEGER (13..19)


OPTIONAL

-- Cond DRB-


]]
}

Annex C: TS 24.301 pseudo CR
9.3.2
EPS bearer identity

Bits 5 to 8 of the first octet of every EPS Session Management (ESM) message contain the EPS bearer identity. The EPS bearer identity and its use to identify a message flow are defined in 3GPP TS 24.007 [12].

9.9.2.1
EPS bearer context status

The purpose of the EPS bearer context status information element is to indicate the state of each EPS bearer context that can be identified by an EPS bearer identity.

The EPS bearer context status information element is coded as shown in figure 9.9.2.1.1 and table 9.9.2.1.1.

The EPS bearer context status information element is a type 4 information element with 4 octets length.

	8
	7
	6
	5
	4
	3
	2
	1
	

	EPS bearer context status IEI
	octet 1

	Length of EPS bearer context status contents
	octet 2

	EBI

(7)
	EBI

(6)
	EBI

(5)
	EBI

(4)
	EBI

(3)
	EBI

(2)
	EBI

(1)
	EBI

(0)
	octet 3

	EBI

(15)
	EBI

(14)
	EBI

(13)
	EBI

(12)
	EBI

(11)
	EBI

(10)
	EBI

(9)
	EBI

(8)
	octet 4


Figure 9.9.2.1.1: EPS bearer context status information element

Table 9.9.2.1.1: EPS bearer context status information element

	EBI(x) shall be coded as follows:

EBI(0):
Bits 0 is spare and shall be coded as zero.

EBI(1) – EBI(15):
0
indicates that the ESM state of the corresponding EPS bearer context is BEARER CONTEXT-INACTIVE.

1
indicates that the ESM state of the corresponding EPS bearer context is not BEARER CONTEXT-INACTIVE 




Annex D: TS 24.007 pseudo CR
11.2.3.1.5
EPS bearer identity

A L3 protocol may define that bits 5 to 8 of octet 1 of a standard L3 message of the protocol contain the EPS bearer identity. The EPS bearer identity is used to identify a message flow.

	
	8
	7
	6
	5
	4
	3
	2
	1
	

	
	EPS bearer identity value
	-
	-
	-
	-
	octet 1


Figure 11.9a: EPS bearer identity

Table 11.5: EPS bearer identity
	EPS bearer identity value (octet 1)

	

	Bits

	8
	7
	6
	5
	

	0
	0
	0
	0
	No EPS bearer identity assigned

	0
	0
	0
	1
	EPS bearer identity value 1

	0
	0
	1
	0
	EPS bearer identity value 2

	0
	0
	1
	1
	EPS bearer identity value 3

	0
	1
	0
	0
	EPS bearer identity value 4

	0
	1
	0
	1
	EPS bearer identity value 5

	0
	1
	1
	0
	EPS bearer identity value 6

	0
	1
	1
	1
	EPS bearer identity value 7

	1
	0
	0
	0
	EPS bearer identity value 8

	1
	0
	0
	1
	EPS bearer identity value 9

	1
	0
	1
	0
	EPS bearer identity value 10

	1
	0
	1
	1
	EPS bearer identity value 11

	1
	1
	0
	0
	EPS bearer identity value 12

	1
	1
	0
	1
	EPS bearer identity value 13

	1
	1
	1
	0
	EPS bearer identity value 14

	1
	1
	1
	1
	EPS bearer identity value 15

	


