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Discussion
-	The traffic model for IoT devices has them transmit data and remain idle for most of the time. The number of such devices is also very large, probably two orders of magnitude greater than “normal” devices.
-	The above two factors will result in storage of very large amount of ESM state in S/PGW for UEs that are in idle-mode.
-	The storage of such large amount of ESM state in S/PGW has the following disadvantages:
-	Increases the cost of S/PGW by (a) supporting large number of GTP-C connection states in S/PGW for UE in idle-mode with associated, (b) requiring S/PGW to store large amount of ESM state which is not used at the S/PGW since the UE is in idle-mode. (c) Failure-recovery of S/PGW gets more complicated as a lot more state needs to be recovered when S/PGW fails. 
The main contribution of this proposal is to remove state in S/PGW and move towards “S/PGW pools” where any S/PGW in the pool can serve the UE. This enables the S/PGWs to scale easily.
The main proposal in this contribution are:
- 	Store the ESM state of the UE in the MME during idle-mode. 
-	No persistent per-UE connection between the MME and S/PGW across idle-state is needed. When ESM context is stored in MME, we need an “index” that the S/PGW can provide as a handle to the stored ESM context. The following options can be used for “index”:
A.	GUTI as index: When UE goes idle, GUTI is provided to the S/PGW. The only context stored in the S/PGW for the UE is mapping from IP address to GUTI. In the DL direction when IP packet of a UE arrives at the S/PGW, the S/PGW uses the GUMMEI part of GUTI to select the MME corresponding to the UE (similar to how the eNB selects MME from GUTI, S-TMSI received from the UE) and provides the GUTI to the MME.
	NOTE: IMSI can also be used as index. However, MME selection based on IMSI will need to be supported or MME pool where any MME can access UE’s context will need to be supported.
B.	IP-hash as index: The S/PGW creates an “IP-hash” from UE’s IPv4 address/IPv6 prefix. The hash is unique across all addresses/prefixes (hence takes into account reuse of address across APN). The S/PGW provides this IP-hash to the MME when the UE goes idle. When a DL packet arrives for the UE, the S/PGW creates hash from the IP-address and then sends a DL Data Notification to the MME pool. Here it is assumed that the S/PGW does not need to select MME, but can send DL Data Notification with IP-hash to the MME pool and any MME in the MME pool can lookup the ESM context. If a specific MME needs to be selected then GUTI as index (above) is needed. The advantage of this approach is that the S/PGW does not need to store any context for UEs that are in idle mode.
In the proposal part of the contribution, Option-A is implemented. Option-A requires minimal context storage in the S/PGW, i.e GUTI<->IPv4 address/IPv6 prefix. Option-B is our preferred approach, but that would also require the deployment of MME pools where any MME can access UE’s context with a load-balancer in front of the MME pool.
The advantages of this proposal are:
-	Since GTP-C sessions between the S/PGW and the MME are only maintained when UE is in connected mode, and deleted when UE goes idle, the number of active GTP-C sessions between MME and S/PGW is drastically reduced. 
-	Very limited context in the S/P-GW for UEs in idle mode (IP address to GUTI mapping only). Reduces memory storage requirements.
-	By not having any ESM context in S/PGW during idle-mode, the concept of “S/PGW pools” where any of the S/PGWs in the pool can be dynamically selected to serve UEs can be used. This is a more scalable solution for handing large number of IoT devices.
-	Procedures that require context to be updated in the S/PGW are simplified (such as HSS initiated subscribed QoS Modification), since the MME can updated this context without signalling with the S/PGW. For example the following steps marked out in X are not needed.

[bookmark: _MON_1298723434][bookmark: _MON_1373916643]   Figure 5.4.3-1: Bearer Modification Procedure without Bearer QoS Update (TS 23.401)


Proposal
It is proposed to add the following text to TR 23.720

***************** Start of changes **********************
[bookmark: _Toc425801558][bookmark: _Toc425801710][bookmark: _Toc425801986][bookmark: _Toc425802204]6.x	Solution x: Deleting GTP-C sessions on S11 for UEs in idle-mode
[bookmark: _Toc425801559][bookmark: _Toc425801711][bookmark: _Toc425801987][bookmark: _Toc425802205]6.x.1	Description 
This is a solution to Key Issue 2: Efficient support of infrequent small data. This solution optimizes SGW/PGW resources for IoT devices which are mostly in idle-state.
This solution reduces the amount of processing and storage required in SGW/PGW, by storing the UE’s ESM context in the MME and deleting the GTP-C connection between the MME and S/PGW when the UE is in idle mode. Hence, GTP-C connection between MME and S/PGW on S11 and S5 only exists when UE is in connected state, thus reducing the requirement for S/PGW to support large number of GTP-C connections.
6.x.1	Procedures 
6.x.1.1	Storing UE’s ESM Context in MME when UE goes idle
[image: ]
Figure 6.x.1.1-1: S1 Release Procedure
0.	UE is in connected mode.
1.	The eNB decides to put UE to idle-state.
2. through 5. Steps as in TS 23.401 Section 5.3.5.
6.	The MME sends a Delete Session Request (GUTI) message. This message deletes the GTP-C session and GTP-U session corresponding to the UE. 
7.	The S/PGW responds with Delete Session Response (ESM Context message). The S/PGW updates the UE’s ESM context and provides this to the MME for storage. The only context that the S/PGW stores for the UE is a mapping from the IP address of the UE to the GUTI. The S/PGW deletes the UE’s ESM context. The S/PGW may also interact with OCS, e.g. to close any open charging containers.

6.x.1.2	Service Request Procedure
[image: ] 
Figure 6.x.1.2-1: Service Request Procedure
For network initiated service request, the procedure starts from Step 1. For UE initiated service request, the procedure starts from Step 5. 
1.	Downlink IP packet arrives for the UE at the S/PGW.
2.	Since the S/PGW does not have the ESM context for the UE and only a mapping from IP address to GUTI, the S/PGW selects MME based on GUTI, e.g. by using DNS from the MMEI portion of the GUTI. The S/PGW then sends a Downlink Data Notification (GUTI) message to the selected MME. The Downlink Data Notification message is sent on the default GTP-C connection between the S/PGW and the MME.
3.	The MME sends Downlink Data Notification Ack message to the S/PGW. 
4.	The MME determines the TAI of the UE from the UE”s MM Context and sends paging messages to the eNBs corresponding to the TAI. The eNBs pages the UE.
5 - 8. As described in TS 23.401.
9.	The MME sends a Creates Service Request (IMSI, GUTI, ESM Context) message to the S/PGW. The GUTI is used by the S/PGW to determine which UE’s context it needs to update.
10.	The S/PGW responds with Create Service Response message to the MME. The per-UE GTP-C connection between the S/PGW and MME and the GTP-U connection between the S/PGW and eNB is created.
[bookmark: _Toc326248711][bookmark: _Toc425801541][bookmark: _Toc425801693][bookmark: _Toc425801969][bookmark: _Toc425802187]6.x.2	Impacts on existing nodes and functionality
MME
Storing UE’s ESM context during idle mode. 
S/PGW
During idle-mode only store mapping from UE’s IP address to GUTI.
***************** End of changes **********************
3GPP
SA WG2 TD

image2.png
UE

eNB MME

SGW/PGW

0.UE is in Connected Mode

1. eNB decides o tum UE.
toldle State

lo. UE Context Release Refuest
[2- UE Context Release et

3. UE Context Release Cpmmand
[ UE Conext Release &

Ja. UE Context Release Cdnplete.
E Delete Session Request
(GUT!

[7. Delete Session Response]
ESM Context)

MME Stores ESM Context|

S/PGW stores mapping
from IP address to GUTE





image3.png
UE eNB MME SGW/PGW

0.UE s in Idie Mode

1. DL IP Packet
PRy

2. Downiink Data Notificati(GUTI)
3. Downlink Data Nmmcahi: Ack
| 2 Dovnink Data Notfically

4. MME pages UE

5. Service Request
)

6 Iniial Context Setup.

Request

8. Initial Context Setup

Complete 9. Create Session Request|
(IS, GUTI, ESM Context)
—

7 RRC Connection
Reconfiguration

10. Create Session Resporke
e

[—cTecTumel O
N ' X K 1777 I





image1.emf
~

. gl

Modify Bearer

]

4. PCEF Initiated IR

Session Modificgtion

6. Procedure as in TS 23.401, steps 3 to 10 of

Figure 5.4.2.1-1 or steps 3 to 8 of Figure 5.4.3-1

< >
SyTmm——_—— 1-
A" 5. Update Beare[ Request
.
-
(B)
7. Upda ref nse
' _B=E ovis_io_n ﬁ\ck

~

UE eNodeB MME Serving GW PDN GW PCRF HSS
1. Insert Subscriper data
1a. Insert Subscuiber data Ack '
2a. UE Cixt Update
2b. MoM Bgarer Command










 

(A) 

UE  eNodeB  MME  Serving GW  PDN GW  PCRF  HSS 

  2b. Modify Bearer Command 

3. Modify Bearer Command  

5. Update Bearer Request 

(B) 

6. Procedure as in TS 23.401, steps 3 to 10 of  

    Figure 5.4.2.1-1 or steps 3 to 8 of Figure 5.4.3-1

 

7. Update Bearer Response 

1. Insert Subscriber data 

 

 4. PCEF Initiated IP-CAN 

     Session Modification 

	

 8. Provision Ack 

	

. 2a. UE Ctxt Update  

 

1a. Insert Subscriber data Ack 


oleObject1.bin


6. Procedure as in TS 23.401, steps 3 to 10 of �    Figure 5.4.2.1-1 or steps 3 to 8 of Figure 5.4.3-1







. 2a. UE Ctxt Update 











 8. Provision Ack











 4. PCEF Initiated IP-CAN�     Session Modification



















1. Insert Subscriber data







7. Update Bearer Response







(B)







5. Update Bearer Request







3. Modify Bearer Command 







  2b. Modify Bearer Command







HSS







PCRF







PDN GW







Serving GW







MME







eNodeB







UE







(A)







1a. Insert Subscriber data Ack












