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Abstract of the contribution:

This paper promotes to have Mobility handling role for MME and bearer plane handling role for UPE.

1 Introduction

Whatever agreement on MME/UPE open interface or whether the open interface is defined now or in a later stage, it is important to define the S1-MME and S1-UPE functions, so roles of MME and of UPE have to be decided. 
This contribution clarifies MME and UPE roles regarding MM and SM signalling for user plane establishment. It is based on comparison of proposal B and C of the Annex H of the TR.

Alternative A of Annex H (when MME/UPE are collocated) is not discussed.

The conclusion of this contribution is to retain only proposal C compared to proposal B: MME has only Mobility Management functions and no control of the User plane established between the eNodeB and the UPE/SAEGW.
Notes: 

· Whether there is a need of an open interface between MME and UPE is not part of this discussion.
· “UPE” can stand for “UPE/SAEGW”; this does not change the contribution.

2 Discussion

In Annex H, two proposals B and C are described regarding functional repartition when MME and UPE are separated. 
The two proposals mainly differ on the following points:

B. Promotes NAS MM and SM signalling handling in the MME with MME requesting the bearer plane establishment to both eNB and UPE, UPE is a slave regarding MME request

C. Promotes fewer functions in MME with user plane directly established between eNodeB and UPE.

This contribution shows interest of proposal C thought different aspects:
· benefit compared to initial goal of MME and UPE split

· benefit in the amount of signalling

· additional improvement of HO possible with Proposal C
Benefit of Proposal C regarding initial goal of MME and UPE split
Reasons for splitting MME from UPE were introduced in various contributions in previous meetings, mainly: 

1) Independent MME and UPE scalability, independent design and product evolution
2) Optimization of the costs with centralized MME and cost-optimized UPEs closed to the radio 

3) Improved load sharing options
4) Consistent with one tunnel solution: smooth migration from legacy 3GPP to one tunnel, then to LTE/SAE (the function of MME is similar to the function of SGSNc in one tunnel solution)
Proposal B and C can be compared to this initial list of wishes:

1) Scalability is more optimized with proposal C as MME and UPE do not handle the same set of information at all. 
2) Cost is also more optimized with proposal C as there is no UP cost in MME at all.

3) Load sharing is more efficient with proposal C: at Attachment, the eNodeB selects the MME; as the eNodeB has no information regarding potential dedicated bearers at attachment, it will select the MME only based only on some Mobility criteria (such as number of UE attached per MME). This information is accurate when MME has no User Plane functionality to handle, i.e. for Proposal C. This information is less accurate in proposal B, as MME has UP functions to handle and its load is then not only based on Mobility aspects.
4) The goal of One Tunnel was to reduce UP latency via a direct tunnel between the Access and the UPE/SAEGW. This goal is reached for both proposals B and C. But in addition, Proposal C allows to save Control Plane processing in MMEas MME does not handled the bearer plane establishment. While this was not a requirement for One Tunnel, it is an important one for SAE.  So proposal C offers more than One Tunnel, in line with SAE requirements, while proposal B limits itself to One Tunnel requirements. Note that changes from One Tunnel are expected for both proposal B and C.
Benefit of proposal C regarding signalling
According to the comparison table added in Annex of this contribution, proposal C reduces the signalling compared to proposal B:
· With alternative B, all procedures involve both MME and UPE, and the number of messages is then increased. With proposal C, user plane related procedures only involve the UPE entity. When all procedures involve both MME and UPE (proposal B), performances of the system decreases.
· There is a strong requirement for SAE architecture to minimize call setup delays and handover delays.  According to the comparison table, while there is no significant difference between the two options for Attach procedure, there is a sensible difference for the intra-LTE HO when there is no MME and UPE change. This critical procedure happens very frequently.

· User plane is faster (re-)established as the MME is not an intermediate node between eNB and UPE

Proposal C enables additional improvement of HO (with X2 usage)
The current TR proposal for HO with change of UPE rely on source eNodeB Handover request being handled by the MME and does not benefit from the efficient intra-LTE HO procedure promoted in RAN3 WG with HO done directly between the eNBs. 

With the recently agreed overlapping Pool Area definition, presence of X2 interface inside a PLMN can be considered as most probable.  Then, most of inter-eNB HO cases can be done directly between eNB (over X2) even with MME or UPE change, instead of being done with the Core Network control.
This is possible with the functional repartition of Proposal C as the MME does not need to control the User plane establishment, which can be established directly between the target eNB when HO with Target eNodeB is done over X2.

This is described in detail in separate contribution(s).
This is just an enhancement for Proposal C as the respective share of roles between MME and UPE is not modified.
3 Conclusion
The above comparison shows benefit of Proposal C compared to proposal B in different domains.
Alternative C provides a better functional repartition. This is clear when looking at the table since some procedures (at least the very frequent inter-eNB handover) only involve one single entity.

As we are designing a new architecture with strong requirements on signalling delays, signalling load and processing load (which impacts the cost of the system),  we propose SA2 WG to select Proposal C compared to alterative B.

Annex

The following table is extracted from the TR 23.882 Annex H.10 “Comparison of alternatives”, and is enhanced with some additional comparisons between the alternatives.

	
	SGSN
	MME/UPE
	MME/UPE Split B)
	MME/UPE Split C)
	Conclusion

	Dynamic characteristics
	
	
	
	
	

	Attach with default bearer establishment
	-
	1) NAS Attach to MME

2) RAB establishment

	1) NAS Attach to MME

2) RAB establishment

3) indication to UPE
	1) NAS Attach to MME

2) request to UPE

3) RAB establishment
	B and C are equivalent

	Idle state RAU
	any RAU
	any RAU
	any RAU to MME

any RAU to UPE (used to provide up to date TA for CDRs, also as a keep alive message)
	any RAU to MME

any RAU to UPE (used to provide up to date TA for CDRs, also as a keep alive message)
	B and C are equivalent

	Active state NB change (inter-eNB HO with no change of MME/UPE)
	any RNC/BSC change
	any NB change
	any NB change to MME

any NB change to UPE
	Only RAU  to MME, no other NB changes to MME

any NB change to UPE
	C saves signalling to MME

	Idle to active latency
	Depends on SGSN split
	1) Service Request

2) RAB Setup
	1) Service Request to MME
2) RAB Setup

3) Indication to UPE
	1) Service Request to MME
2) Request to UPE

3) RAB Setup
	B and C are equivalent

	Dedicated (QoS) Bearer Setup latency
	Depends on SGSN split
	1) Request from SAEGW
2) RAB Setup
	1) Request from SAEGW
2) Request to MME

3) RAB Setup

4) Indication to UPE
	1) Request from SAEGW
2) RAB Setup
	C saves the signalling with MME

	paging
	1) downlink packet

2) Paging request to RAN
	1) downlink packet

2) Paging request to NBs
	1) downlink packet

2) Request to MME

3) Paging request to NBs
	1) downlink packet

2) Request to MME

3) Paging request to NBs
	B and C equivalent

	MME – UPE 
signalling procedures
	none
	none
	-Initial attach

-state transition

-paging

-load balancing

-keep alive

-inter UPE handover

-handover 2G/3G

-dedicated bearer setup

-eNB change
	-Initial attach

-state transition

-paging

-load balancing

-keep alive

-inter UPE handover

-handover 2G/3G

-RAU


	C saves messaging between MME and UPE

	Inter NB handover without MME and UPE change
	n.a.
	1) NB change

2) NB update to MME/UPE

3) MME/UPE response to NB
	There is the need to update the UPE and to update the MME. The procedure is FFS.


	1) NB change

2) NB update to UPE

3) UPE response to NB


	C has no messaging with MME.
B is FFS

	Handover 
signalling 2G/3G to LTE
	via Gn
	via S3

1) RNC request to SGSN

2) SGSN request to MME/UPE

3) MME/UPE request RAN resources and bearer NB-UPE

4) MME responds to SGSN

5) SGSN sends handover command
	via S3 at MME

1) RNC request to SGSN

2) SGSN request to MME

3) MME requests NB resources

4) MME requests UPE resources

5) MME initiates bearer NB-UPE

6) MME responds to SGSN

7) SGSN sends handover command
	via S3 at MME

1) RNC request to SGSN

2) SGSN request to MME

3) MME requests UPE to establish NB resources and bearer NB-UPE

4) UPE request NB resources and bearer NB-UPE

5) MME responds to SGSN

6) SGSN sends handover command RAN resources
	C slightly more rapid than B

	Handover 
signalling for MME and UPE change
	n.a.
	1) NB request to MME/UPE

2) MME/UPE request to new MME

3) new MME requests NB resources and bearer NB-UPE

4) new MME/UPE responds to old MME7upe

5) old MME sends handover command
	1) NB request to MME

2) MME request to new MME

3) new MME requests NB resources

4) New MME request UPE resources

5) new MME initiates bearer NB-UPE

6) new MME responds to old MME

7) old MME sends handover command
	1) NB request to UPE

2) UPE request to old MME

3) old MME request to new MME

4) New MME request new UPE resources

5) new UPE request NB resources and bearer NB-UPE

6) new MME responds to old MME

7) old MME responds to UPE

8) old UPE sends handover command
	Another alternative keeping Proposal C concept can be done in which eNB request MME but UP is still established directly between eNB and UPE: new MME selects UPE, new MME informs eNB of new UPE; eNB establish UP with new UPE, new UPE retrieves old UPE info if needed;

	Inter NB handover with MME change and without UPE change
	n.a.
	via S10
	1) NB request to MME

2) MME request to new MME (new MME accepts old UPE)

3) new MME responds to old MME

4) old MME sends handover command

5) UE sends TA Request (FFS)

6) new MME confirms new TA (FFS)
	1) NB update request to UPE

2) UPE update response to new NB

3) UE sends TA Request

4) new MME confirms new TA
	Another alternative keeping Proposal C concept can be done in which eNB request MME but UP is still established directly between eNB and UPE

	Inter NB handover without MME change and with UPE change
	n.a.
	via S10
	1) NB request to MME

2) MME requests NB resources

4) MME request new UPE resources

5) MME initiates bearer NB-UPE

6) MME sends handover command
7) UE sends TA Request

8) new MME confirms new TA
	1) NB request to UPE

2) UPE request to MME

4) MME request new UPE resources

5) new UPE request NB resources and bearer NB-UPE

6) MME responds to old UPE

8) old UPE sends handover command
9) UE sends TA Request

10) new MME confirms new TA
 
	Another alternative keeping Proposal C concept can be done in which eNB request MME but UP is still established directly between eNB and UPE:

1) NB gets from MME the new UPE to be used

2) NB update UP with UPE

5) UE sends TA Request

6) new MME confirms new TA

	
	
	
	
	
	

	Static characteristics
	
	
	
	
	

	UE context
	yes
	yes
	Most in MME, some in UPE
	Most in MME, some in UPE
	

	Bearer context
	yes
	yes
	in MME and in UPE
	In UPE
	

	Load balancing
	Within SGSN pool(s)
	Within MME/UPE pool(s)
	Within MME pool(s)

Within UPE pool(s)
	Within MME pool(s)

Within UPE pool(s)
	

	MME recovery
	New UE attach
	New UE attach
	New UE attach
	New UE attach
	

	UPE recovery
	New UE attach
	New UE attach

[recovery for UE triggered by downlink packets]
	E.g. new UE attach

recovery for UE triggered by downlink packet FFS
	New UE attach

[recovery for UE triggered by downlink packets]
	

	
	
	
	
	
	

	Other functions
	
	
	
	
	

	CDR generation
	yes
	yes
	MME and UPE

(not in UPE but in SAEGW when collocated with UPE)

Generation by MME if needed.
	UPE

(not in UPE but in SAEGW when collocated with UPE)
	

	Legal Intercept
	yes
	yes
	MME and UPE

(not in UPE but in SAEGW when collocated with UPE)
	UPE

(not in UPE but in SAEGW when collocated with UPE)

FFS whether the UPE receives all events for LI or whether additional MME-UPE communication needed.
	

	S1 – MME
	Iu connection
	Common connection with NB for NAS and UP control
	Common connection with NB for NAS and UP control
	Common connection with NB for NAS
	

	S1 – UPE
	GTP-U
	e.g. GTP-U
	e.g. GTP-U, GTP-C (FFS)
	e.g. GTP-C and GTP-U
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