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1 Introduction
In the previous RAN3#70 meeting, it has been discussed about a “Correlation ID” that will be required for indicating a LIPA (E)RAB to a H(e)NB and being a pointer to the UE context data stored in the L-GW.
The initial thinking for a LIPA “Correlation ID” in SA2 was that some common identifier will be needed to bind together the UE LIPA E-RAB context at the HeNB and the UE LIPA EPS Bearer Context at the L-GW. This is necessary as a HeNB is not normally aware of the EPC level identifiers used in the core network nodes.

The TS 23.401 in clause 5.10.2 specifies “if the PDN connection is established for Local IP Access, the S1 control message includes a Correlation ID for enabling the direct user plane path between the HeNB and the L-GW”.

Further in Note4 the “Correlation ID” is explained more accurately “in this release of the 3GPP specification the Correlation ID is set equal to the user plane PDN GW TEID (GTP-based S5) or GRE key (PMIP-based S5) that the MME has received in step 6”.

Based in this definition the following text was approved for “Correlation ID” at RAN#50 for Iu-PS in TS 25.413 (RANAP):

9.2.2.x            Correlation ID

This element is the GTP Tunnel Endpoint Identifier or GRE key to be used for the user plane transport between RNC and the L-GW described in [48].

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Correlation ID
	M
	
	OCTET STRING (4)
	


The equivalent text for Correlation ID in S1-AP was sent back to RAN3 for reworking.
In this contribution we evaluate how the SA2 issued “Correlation ID” for LIPA should be mapped with the existing S1AP and RANAP IEs in an optimal and future proof manner.
2 Discussions
2.1 LIPA Bearer Setup Procedure and “Correlation ID”
The LIPA Bearer Service Establishment procedure shall apply the enhanced UE Requested PDN Connectivity procedure specified in TS 23.401 5.10.2. In this procedure some LIPA “Correlation ID” will be needed to bind together the UE LIPA E-RAB context at the HeNB and the UE LIPA EPS Bearer Context at the collocated L-GW. 
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Figure: UE Requested LIPA PDN Connectivity setup with HeNB collocated L-GW

1 – 2) The UE may initiate the UE Requested PDN Connectivity procedure in order to establish LIPA Bearer Service when it detects that it is connected to a CSG Cell where LIPA Service is allowed.
The HeNB shall forward the NAS PDU in the S1AP: UPLINK NAS TRANSFER message to the MME as usual and includes the TNL Address for its collocated L-GW.

3) The MME detects the LIPA PDN Connectivity request based on the UE given APN and the HeNB provided L-GW address for GW selection. The MME verifies whether the UE is a CSG member for which LIPA is allowed and allocates a Bearer Id, and sends a Create Session Request message including the L-GW Address to the Serving GW.

4) The Serving GW sends the Create Session Request to the L-GW as usual. 

5) The L-GW creates a new entry in L-GW context data that allows the L-GW to route User-Plane PDUs by using a node internal link to the HeNB and to/from the Local IP Network. The L-GW may run its DHCP client to assign a local PDN Address to the UE.
The L-GW returns a Create Session Response (…., L-GW TNL Address for the user plane (for S5-u endpoint), L-GW TEID of the user plane (for S5-u endpoint used also as a LIPA “Correlation Id”), L-GW TEID of the control plane (for S5-c), PDN Address, …) message to the Serving GW.

6) The Serving GW shall create and store the Serving GW TNL address for User Plane (S1-u), Serving GW TEID for User Plane (S1-u) as usual even if the S1-u uplink will not be used for LIPA Bearers.

The Serving GW returns a Create Session Response (…., L-GW TNL address for user plane, GTP-TEID  for user plane at the L-GW for Local IP Access uplink traffic, …) message to the MME.

7) As a LIPA PDN connection will be established, the MME must create a new “E-RAB To Be Setup Item” where the usual Serving GW TNL address and Serving GW TEID for User Plane (S1-u) are replaced with the L-GW TNL address and the GTP-TEID for user plane at the L-GW. The latter is used as a “Correlation ID” issued in 23.401 that is needed in the HeNB in order to bind the eNB UE Context and the L-GW UE Context together. 

The MME sends the E-RAB Setup Request (…E-RAB-ID, LIPA Indication, L-GW TNL address, L-GW GTP-TEID for the userplane (“Correlation ID” specified in SA2), NAS PDU (Activate Default EPS Bearer Context)) to the eNodeB.

8 -9) The eNodeB sends RRC Connection Reconfiguration to the UE including the Activate Default EPS Bearer Context Accept message (in the NAS PDU) and the UE responds with the RRC Connection Reconfiguration Complete to the eNodeB as usual (LIPA is transparent to a UE supporting Multiple PDN connectivity)

The eNodeB detects a LIPA Indication is included in the E-RAB To Be Setup Item received in the E-RAB Setup Request message (step 7) and shall use the given GTP-TEID and TNL Address for establishing a node internal connection to the L-GW in order to forward uplink data and receive downlink data for Local IP Access E-RAB accordingly.

NOTE: In Rel-10 the L-GW is always collocated with the HeNB when the HeNB- L-GW interface implementation remains as a node internal issue.

10) The HeNB sends an E-RAB Setup Response to the MME including the eNodeB TNL address and the eNodeB TEID used for downlink traffic on the S1-u reference point as these will be needed at the Serving GW to deliver the 1st LIPA DL packed to the UE over the S1-u after the paging.

11 - 12) The UE sends a RRC: UL Information Transfer (Activate Default EPS Bearer Context Accept) message to the HeNB and the HeNB sends an Uplink NAS Transport (Activate Default EPS Bearer Context Accept) message to the MME.

After the Activate Default EPS Bearer Context Accept message and once the UE has obtained a PDN Address Information, the UE can then send uplink packets towards the HeNB which normally will then be tunnelled to the Serving GW and PDN GW. Now in LIPA the HeNB shall forward uplink packets to the L-GW using the node internal “direct tunnel”. From this point downlink packet forwarding can also happen.
13) Upon reception of the S1AP: E-RAB Setup Response message in step 10 and the PDN Connectivity Complete message in step 12, the MME sends a Modify Bearer Request (EPS Bearer Identity, eNodeB address for S1-u, eNodeB TEID…) message to the Serving GW.

NOTE: The Serving GW does not send a Modify Bearer Request further to the L-GW as normally only the S1-u dowlink parameters need to be configured at the Serving GW and the S5-u establishment is already completed at this phase. 

 14) The Serving GW acknowledges by sending Modify Bearer Response (EPS Bearer Identity) to the MME. The Serving GW shall store the eNodeB address and TEID for S1-u as usual as these will be needed to deliver the 1st LIPA DL packet after the paging.

Conclusion 1: The LIPA “Correlation ID” that is set equal to the user plane PDN GW TEID (or the GRE key in case of PMIP based S5) at the L-GW can be replaced with the existing GTP-TEID IE in the E-RAB Setup Request, or Initial UE Context Setup Request messages. A new flag-type LIPA Indicator IE will be needed to differentiate LIPA E-RAB from an ordinary E-RAB.
Conclusion 2: The HeNB shall deliver the eNodeB TNL address and the eNodeB TEID used for downlink traffic on the S1-u reference point to the MME as these will be needed at the Serving GW to deliver the 1st LIPA DL packed to the UE over the S1-u after the paging.
Conclusion 3: In order to avoid any changes in the Serving GW in Rel-10, the node internal direct tunnel must be configured locally between the co-located HeNB and L-GW entities.
2.2 E-RAB Management Messages
It should be noted that normally in the E-RAB SETUP Request message a TNL Address/TEID pair for each E-RAB is used to address the uplink tunnel endpoint/bearer at the S-GW. On the other hand also in LIPA there will be only one uplink tunnel for each E-RAB at a time, i.e., the H(e)NB does not use the S1-u uplink for a LIPA PDN connection, thus the S1-u TNL Address and GTP-TEID is not needed.
In Rel-10 the TNL Address IE will include the HeNB address that is valid for a collocated L-GW but presumably in Rel-11 this IE should include the direct tunnel endpoint address in uplink at the L-GW. Thus we propose that the very same TNL Address and GTP-TEID IEs can be used to indicate the LIPA uplink endpoint/bearer at the L-GW for the local direct tunnel without changing the fundamental meaning of these IEs.

As a LIPA E-RAB will be treated differently in the H(e)NB then in simplest we need some LIPA indicator which toggles the H(e)NB to use a local direct tunnel instead of S1-u (or Iu-PS) and to perform other LIPA related functions accordingly. This means that the new Correlation ID (GTP-TEID) proposed in RP-50 for Iu-PS (RANAP) should be better replaced with a flag-type LIPA Indicator IE instead of issuing the same GTP-TEID value in two IEs. 

Currently in Rel-10 the H(e)NB advertises the TNL address for its collocated L-GW in RANAP/S1AP in the UE associated uplink messages.  However, it should be noted that a H(e)NB has no control interface available to discover the TNL address for standalone L-GWs in Rel-11, so it cannot advertise their dynamically changing TNL addresses i.e. this IE should be omitted. Thus a stand-alone L-GW should register itself to the network during start-up (or on IP address renewal) with its Name and Address in order to create a DNS entry that is associated to the APN. Now the MME/SGSN may apply the usual DNS based method to resolve the L-GW address.

In the E-RAB SETUP RESPONSE message the TNL Address/TEID pair for each E-RAB is used to address the downlink tunnel endpoint/bearer at the HeNB. It should be noted that for a LIPA E-RAB we will need valid S1-u tunnel endpoint address and TEID at the HeNB in order to deliver the 1st LIPA downlink packet from the S-GW before the reception of other LIPA DL packets can be started via the local direct tunnel from the L-GW.

It should be noted that an enterprise customer may see a security risk if the private TNL addresses used in the Intranet will be exposed to the Mobile Operator. Thus we suggest that the MME/SGSN should not be concerned with the TNL address and TEID which the H(e)NB assigns for the local direct tunnel towards the L-GW (either collocated or standalone).

2.2.1. E-RAB SETUP REQUEST

This message is sent by the MME and is used to request the eNB to assign resources on Uu and S1 for one or several E-RABs.

Direction: MME ( eNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	UE Aggregate Maximum Bit Rate
	O
	
	9.2.1.20
	
	YES
	reject

	E-RAB to be Setup List
	
	1
	
	
	YES
	reject

	>E-RAB To Be Setup Item IEs
	
	1 to <maxnoof E-RABs>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	>>LIPA Indicator(1)
	O
	
	
	
	
	

	>>E-RAB Level QoS Parameters 
	M
	
	9.2.1.15
	Includes necessary QoS parameters
	-
	

	>>Transport Layer Address(2, 3)
	M
	
	9.2.2.1
	
	-
	

	>>GTP-TEID(4)
	M
	
	9.2.2.2
	EPC TEID
	-
	

	>>NAS-PDU
	M
	
	9.2.3.5
	
	-
	


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


NOTES:
(1) LIPA Indicator is a flag-type IE that differentiates an ordinary E-RAB from a LIPA E-RAB.

(2) When LIPA Indicator IE is included the Transport Layer Address IE contains the TNL Address for a L-GW instead of the usual TNL Address for a S-GW. 

(3) NOTE: In Rel-10 the L-GW is always collocated with the HeNB, so the L-GW TNL address has the same value as the user-plane address at the HeNB.
(4) When LIPA Indicator IE is included the GTP-TEID value IE contains the uplink TEID value at the L-GW (used as a Correlation ID to bind the LIPA E-RAB in the eNB Context and the LIPA EPS Bearer context at the L-GW).
NOTE: For a LIPA E-RAB the eNB shall always use the direct tunnel interface to the L-GW, so another pair of uplink TNL address and GTP-TEID values assigned at the S-GW for the usual S1-u is never needed. Thus the already existing IEs can be re-used to indicate uplink tunnel endpoint at the L-GW.
The same applies for, e.g.,  the INITIAL CONTEXT SETUP REQUEST message and X2AP: HANDOVER REQUEST message. 
2.2.2 E-RAB SETUP RESPONSE

This message is sent by the eNB and is used to report the outcome of the request from the E-RAB SETUP REQUEST message.
Direction: eNB ( MME
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	E-RAB Setup List
	
	0..1
	
	
	YES
	ignore

	>E-RAB Setup Item Ies
	
	1 to <maxnoof E-RABs>
	
	
	EACH
	ignore

	>>E-RAB ID
	M
	
	
	
	-
	

	>>LIPA Indicator(1)
	O
	
	
	
	
	

	>>S1-U eNB Transport Layer Address(2, 3) 
	M
	
	9.2.2.1
	
	-
	

	>>S1-U GTP-TEID(4, 5)
	M
	
	9.2.2.2
	eNB TEID
	-
	

	E-RAB Failed to Setup List 
	O
	
	E-RAB List 

9.2.1.36
	a value for E-RAB ID shall only be present once in E-RAB Setup List IE +  in E-RAB Failed to Setup List IE
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore


	Range bound
	Explanation

	maxnoofE-RABs
	Maximum no. of E-RAB allowed towards one UE, the maximum value is 256. 


NOTES:

(1) The LIPA Indicator is a flag-type IE that differentiates an ordinary E-RAB from a LIPA E-RAB.

(2) When LIPA Indicator IE is included the Transport Layer Address IE, it contains the HeNB TNL Address in downlink.
(3) NOTE: The given HeNB TNL address must be routable from the S-GW as S1-u will be used temporarily to transfer the buffered user DL traffic from the S-GW after paging.
(4) When LIPA Indicator IE is included the GTP-TEID value IE, it contains the downlink TEID value at the HeNB.
(5) NOTE: The same downlink HeNB TEID value can be used both for the direct tunnel interface from the L-GW and for the S1-u from the S-GW.

The same applies for the INITIAL CONTEXT SETUP RESPONSE message.
3 Conclusion and Proposal
In this document it was evaluated how the SA2 issued “Correlation ID” for LIPA should be mapped with the existing S1AP and RANAP IEs in an optimal and future proof manner. 
Proposal 1: It is proposed to introduce a new flag-type LIPA Indicator IE as described in 2.2.1 and 2.2.2.
