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Introduction
One of the objectives of the Rel-15 WI “LTE connectivity to 5G-CN” [1] is to add support for network slicing for LTE connected to 5GC. 
In this contribution, we discuss how network slice selection can be supported for LTE connected to 5GC and in particular the impact on the RRC connection establishment/resume procedures.  We also consider the need for an early indication of the slice/service.
Network slice selection is also being discussed for NR (see [3]) and we expect the solutions to be similar to a large extent. However, one difference in LTE compared to NR is the backwards compatibility aspect, which potentially impacts the design.
Discussion
Architecture overview
A high-level overview of the 5G system architecture with LTE RAN connected to 5G-CN is shown in the figure below. For simplicity, we have omitted the network functions not relevant for the present discussion.
According to [2], a UE can be served by up to 8 network slices simultaneously. All network slices serving a UE share the same AMF instance.




Network slice selection
The NSSAI (Network Slice Selection Assistance information) is a new identifier introduced by SA2 which is included at network registration both in RRC and NAS to allow the network to select the correct CN instance [1]. The NSSAI represents the network slices a UE subscribes to and consists of one or more S-NSSAIs (Single NSSAI). Each S-NSSAI identifies a single network slice and is in turn comprised of two parts:
· Slice/Service type (SST) which identifies the type of slice e.g., eMBB or MMTC (8 bits)
· Slice Differentiator (SD) which distinguishes network slices of the same type e.g., two eMBB slices (24 bits, optional)
From a RAN point of view, the main purpose of the assistance information included at RRC level in the network registration is to enable the RAN to select a suitable AMF, i.e. an AMF that supports the network slice(s) that the UE subscribes to. The assistance information is provided both in the initial network registration (i.e. “Attach”) and in network registration triggered due to mobility when the UE enters a new registration area (i.e. “TAU”).  The reason for providing NSSAI also in the latter case is because the new registration area may be served by a different AMF pool which requires a new AMF to be selected. The assistance information can be handled in the same way as for NR, i.e. the UE includes it in MSG5 of the RRC connection establishment [2] procedure.
[bookmark: _Toc484068128][bookmark: _Toc484157685][bookmark: _Toc484162563][bookmark: _Toc484162598][bookmark: _Toc484162651][bookmark: _Toc484165095][bookmark: _Toc484165199][bookmark: _Toc485047516][bookmark: _Toc485204417][bookmark: _Toc485397305][bookmark: _Toc486835661][bookmark: _Toc486837051][bookmark: _Toc486842075][bookmark: _Toc487032173][bookmark: _Toc487032387][bookmark: _Toc489948750][bookmark: _Toc489948952][bookmark: _Toc489948984][bookmark: _Toc489948993][bookmark: _Toc489949003][bookmark: _Toc489949113][bookmark: _Toc490030025][bookmark: _Toc490143294][bookmark: _Toc490221876]Similar to NR, assistance information (i.e. an NSSAI type of identifier) is included in the RRC connection setup complete message (i.e. MSG5) at network registration to enable the RAN to select a suitable AMF.
For subsequent accesses where the UE remains within the same registration area (e.g. service request) and has already been assigned an AMF, no assistance information would need to be included in the RRC connection establishment. In this case, the shortened form of the 5G-GUTI, the 5G-S-TMSI, which is assigned to the UE by the AMF during network registration is sufficient for the RAN to locate the serving AMF [1]. 
As 5G-S-TMSI corresponds to S-TMSI in EPC it seems natural to include it in MSG3 of the RRC connection establishment procedure. The size of 5G-S-TMSI and its components are not decided yet but to be compliant with MSG3 in LTE we expect that it will be of the same size as S-TMSI, i.e. 40 bits. 

As can be seen above, the structure of 5G-S-TMSI differs somewhat from S-TMSI. The AMF Set ID and AMF Pointer together uniquely identifies the AMF within the pool area and corresponds to the MME code used in EPC.
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[bookmark: _Toc486518512][bookmark: _Toc486518561][bookmark: _Toc486604226][bookmark: _Toc486605086][bookmark: _Toc486835663][bookmark: _Toc486837053][bookmark: _Toc486842077][bookmark: _Toc487032175][bookmark: _Toc487032389][bookmark: _Toc489948752][bookmark: _Toc489948954][bookmark: _Toc489948986][bookmark: _Toc489948995][bookmark: _Toc489949005][bookmark: _Toc489949115][bookmark: _Toc490030027][bookmark: _Toc490143296][bookmark: _Toc490221878]To be compliant with MSG3 size limitation in LTE, 5G-S-TMSI is assumed to be of the same size as S-TMSI, i.e. 40 bits. Send LS to CT1 and SA2 informing them of this restriction.

Note that no assistance information needs to be included in RRC resume (regardless if the UE is doing a service request or registration update) as this information can be stored as part of the UE RAN context.
Including 5G-S-TMSI in MSG3
Since S-TMSI and 5G-S-TMSI have the same size it is tempting to re-use the existing S-TMSI field in the RRC connection request message to convey the 5G-S-TMSI. However, unless some additional information is added, the eNB will not be able to distinguish between the two identifiers which means it cannot provide different treatment depending on CN types. 
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To solve this problem several options can be considered:
a) Different S-TMSI ranges: The existing S-TMSI field is re-used and the CN type is determined by allocating different S-TMSI ranges in EPC and 5G-CN. 
b) Using spare bit: The existing S-TMSI field is re-used and the CN type is indicated by using the remaining spare bit field in the RRC connection request message.
c) New RRC message: A new RRC connection request message is defined for LTE connected to 5G-CN. This can in turn be achieved in several ways:
1. Critically extending the existing RRCConnectionRequest message (see Annex for example).
2. Defining a new RRC message “RRCConnectionRequest-5GCN” on UL-CCCH (similar to what was done for RRC connection resume request in Rel-13).
3. Defining a new RRC message “RRCConnectionRequest-5GCN” on a new logical channel “UL-CCCHbis”
The last option (c) requires larger changes but provides a clearer separation between EPC and 5G-CN. This allows us to e.g.  define a new 5G-S-TMSI IE which better reflects the new 5GCN S-TMSI format (i.e. AMF Set ID + AMF Pointer + 5G-TMSI). In the first two options (a and b) on the other hand we are forced to re-use the existing EPC S-TMSI format (i.e. MMEC + M-TMSI) (see below). Defining a new RRC message also makes it possible to re-define the establishment cause field and align the values used in NR and LTE connected to 5G-CN, if needed.
S-TMSI information element
-- ASN1START

S-TMSI ::=							SEQUENCE {
	mmec								MMEC,
	m-TMSI								BIT STRING (SIZE (32))
}

-- ASN1STOP
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a) Different S-TMSI ranges in EPC and 5G-CN
b) Indicate CN type using the remaining spare bit field
c) Define new RRC connection request message for LTE connected to 5G-CN
Early indication of slice/service
For NR several companies have suggested to introduce an early indication of the slice/service (in MSG1 or MSG3) to enable RAN to prioritize or reject UEs already in the initial phase of the RRC connection establishment. However, compared to NR which is a new RAT designed from scratch, introducing an early indication in LTE is considerably harder due to the need to maintain backwards compatibility. 
Indicating the slice/service in MSG1 via e.g. preamble partitioning is ruled out as this would force us to re-design RACH in LTE. Also, the possibility to indicate the slice/service in RRC connection request message using, e.g., a new access category is very limited in LTE due to the MSG3 size constraint. The size of MSG3 is limited to 56 bits in LTE and only about 3-4 bits remain after removing MAC/RRC overhead (12-13 bits) and the size of 5G-S-TMSI (40 bits). This means that it is not possible to introduce a more granular access type indication in the RRC connection request message than what is already provided by the existing (3 bit long) establishment cause. The same is true for RRC connection resume.
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[bookmark: _Toc476818185]However, it is not clear yet if we will re-use the existing establishment/resume cause field or if we replace it with a new field of similar length. This depends on what is decided for NR and whether we want to align the cause values for the two RATs.
[bookmark: _Toc476818186][bookmark: _Toc476818212][bookmark: _Toc476837772][bookmark: _Toc476839541][bookmark: _Toc476839843][bookmark: _Toc478029294][bookmark: _Toc478147429][bookmark: _Toc481066467][bookmark: _Toc481066597][bookmark: _Toc486835669][bookmark: _Toc486837059][bookmark: _Toc486842083][bookmark: _Toc487032181][bookmark: _Toc487032395][bookmark: _Toc489948758][bookmark: _Toc489948960][bookmark: _Toc489948992][bookmark: _Toc489949001][bookmark: _Toc489949011][bookmark: _Toc489949118][bookmark: _Toc490030030][bookmark: _Toc490143299][bookmark: _Toc490221881]Whether we keep the existing establishment/resume cause field in the RRC connection request/resume request or replace it with a new field of similar length is FFS. This depends on what is decided for NR and whether the cause values need to be aligned.
For inactive to connected state transition in NR, we have proposed to indicate the network slice in the RRC connection resume message by including the slice index or DRB ID. Alternatively, the network slice can be indicated by including a BSR on MAC level indicating the DRB ID/LCG. For UEs in inactive mode this information is sufficient to determine the network slice since the network slices the UE is registered to are stored as part of the UE context. Compared to indicating the network slice using S-NSSAI, the indication can be much shorter since only 8 values are required to represent the slice index/DRB ID (recall that a UE can be registered to up to 8 slices simultaneously). However, for LTE this is still too large to be included in MSG3. If we want to include such an indication in LTE we may need to introduce a “MSG3.5” as discussed in [4].
Conclusion
In this contribution, we discussed network slicing for LTE connected to 5G-CN. In section 2 we made the following observations:
Observation 1	Extending the establishment/resume cause field in RRC connection request/resume request is not possible due the limited size of MSG3 in LTE.

Based on the discussion in section 2 we propose the following:
Proposal 1	Similar to NR, assistance information (i.e. an NSSAI type of identifier) is included in the RRC connection setup complete message (i.e. MSG5) at network registration to enable the RAN to select a suitable AMF.
Proposal 2	5G-S-TMSI is included in the RRC connection request message (MSG3) instead of S-TMSI to enable contention resolution at lower layers and to enable the RAN to locate the serving AMF.
Proposal 3	To be compliant with MSG3 size limitation in LTE, 5G-S-TMSI is assumed to be of the same size as S-TMSI, i.e. 40 bits. Send LS to CT1 and SA2 informing them of this restriction.
Proposal 4	The eNB should be able to distinguish the CN type and type of identifier (5G-S-TMSI vs S-TMSI) already in RRC connection request message.
Proposal 5	RAN2 to discuss how to indicate the CN type and 5G-S-TMSI in the RRC connection request message:  a) Different S-TMSI ranges in EPC and 5G-CN b) Indicate CN type using the remaining spare bit field c) Define new RRC connection request message for LTE connected to 5G-CN
Proposal 6	Whether we keep the existing establishment/resume cause field in the RRC connection request/resume request or replace it with a new field of similar length is FFS. This depends on what is decided for NR and whether the cause values need to be aligned.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _GoBack]RP-171432, Revision of WID: LTE connectivity to 5G-CN, Huawei, Ericsson
[bookmark: _Ref476301527]TS 25.301 v0.7.0, System Architecture for the 5G System
R2-1707798, Signalling aspects of network slicing, Ericsson, RAN2#97bis
R2-1707840, MSG3.5 for LTE, Ericsson

Annex
This annex provides an example how a new RRC connection request message can be defined for LTE connected to 5G-CN by extending the existing RRCConnectionRequest message.
Note that the extension costs 1 bit which means we need to remove the spare bit field to maintain the same message size.
RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=			SEQUENCE {
	criticalExtensions					CHOICE {
		rrcConnectionRequest-r8				RRCConnectionRequest-r8-IEs,
		criticalExtensionsFuture			CHOICE {
			rrcConnectionRequest-r15		RRCConnectionRequest-r15-IEs,
			criticalExtensionsFuture 		SEQUENCE {}
		}
	}
}

RRCConnectionRequest-r8-IEs ::=		SEQUENCE {
	ue-Identity							InitialUE-Identity,
	establishmentCause					EstablishmentCause,
	spare								BIT STRING (SIZE (1))
}

RRCConnectionRequest-r15-IEs ::=		SEQUENCE {
	ue-Identity							InitialUE-Identity-5GCN,
	establishmentCause					EstablishmentCause,
}

InitialUE-Identity ::=				CHOICE {
	s-TMSI								S-TMSI,
	randomValue							BIT STRING (SIZE (40))
}

InitialUE-Identity-5GCN ::=				CHOICE {
	s-TMSI								S-TMSI-5GCN,
	randomValue							BIT STRING (SIZE (40))
}


EstablishmentCause ::=				ENUMERATED {
										emergency, highPriorityAccess, mt-Access, mo-Signalling,
										mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, 
                                     	spare1}



S-TMSI information element
-- ASN1START

S-TMSI ::=							SEQUENCE {
	mmec								MMEC,
	m-TMSI								BIT STRING (SIZE (32))
}

S-TMSI-5G-CN ::=					SEQUENCE {
	amfSetID							AMFSetID,
	amfPointer							AMFPointer,
	m-TMSI								BIT STRING (SIZE (32))
}

-- ASN1STOP
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