
page 2

3GPP TSG SA2#50
    S2-060178
Budapest, Hungary 16-20 JAN 2006

Agenda Item:

Source: 
Vodafone

Title: 
Paging Initiation from UPE or from eNodeB? – text proposal 
for TR 23.882
Document for:
Decision

Agenda item:
7.4.1.4
1. Proposal

Following the description of this issue in S2-060177, this document proposes that the following text is added to TR23.882 as a new key issue on "where is paging initiated".

The only changes from S2-060177 are section renumbering and the introductory text in 7.15.1, below.

7.15
Key Issue on "Where is Paging Initiated?"

7.15.1
Description of Key Issue "Where is Paging Initiated?"

Paging is normally used when the network does not know the UE's current cell and the network wishes to bring the UE back into an active state.

For the LTE/SAE system, there is debate about whether paging should be initiated by the User Plane Entity, or, by the eNodeB. These two alternatives are described and analysed in the following sections. 

In order to provide this description, some not necessarily agreed descriptions of other system aspects have been used (eg how the UE and network transition from LTE Active to LTE Idle). The analysis in this section should NOT be interpreted to indicate any agreement on these other system aspects.

7.15.2
Alternative A: Paging Initiation from UPE (cf GGSN)
7.15.2.1
Basic case for LTE-only system

The 'basic' message flow for a "single RAT, LTE system" is shown below:
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Figure 7.x-1. Message sequence for LTE paging initiation at UPE
PDN = Packet Data Network (e.g. Internet)

Dashed lines denote signalling.

Solid lines denote User Plane data (sometimes with associated signalling information)

1) The UE sends uplink data (or signalling – eg Attach) and enters the LTE Active state

2) The data flow pauses for enough time to cause the state to change to LTE Idle.

3) Timers in UE and eNode B expire and the UE moves into LTE IDLE. The network timer is (just) shorter than the timer in the UE in order to avoid loosing MT data if the UE moves to another cell in LTE IDLE while the network believes that the UE is in LTE ACTIVE. 

Note: this requires the UE to respond to "paging with CN ID" even when the UE is in LTE ACTIVE.

The eNode B informs the MME that the UE has gone to LTE IDLE and the MME informs the UPE(s) that the mobile is now in LTE IDLE.

4) Downlink data arrives in the UPE. The UPE knows that the UE is in LTE IDLE.

5) The UPE buffers the downlink packet and asks the MME to page the UE.

6) The MME requests all eNodeBs in the tracking area to page the UE. Over the next DRX period, all the eNodeBs page the UE.

7) The UE responds to the eNodeB on which it is camped.

8) The eNodeB forwards the page response along with cell identity/user plane address to the MME.

9) The MME forwards the user plane address to the UPE(s).

10) The UPE encrypts the downlink packet (stored at step 5) and sends it via the eNodeB to the UE.

7.15.2.2
Multi-RAT case

7.15.2.2.1
General

Frequently LTE will be deployed as part of a larger cellular system comprising LTE, UTRA and GSM cells. 

Existing requirements indicate a desire for signalling free mobility in inactive mode between cells in GSM, UTRA and E-UTRA. 

7.15.2.2.2
UE last active on 2G/UTRA, UE now camped on LTE

In the absence of signalling, if the mobile was last active in 2G or 3G then the UPE will be 'forced' to direcly tunnel the MT user plane data packets to the 2G/3G SGSN. If the 3G SGSN believes that the UE is still "PMM connected", then the MT data packet will be forwarded straight to the RNC. 

Paging can then be initiated by the 'legacy' entity paging in its tracking area, at the same time as sending a paging request to the MME.

Note:
Having a "multi-RAT combined UPE" (eg 2G SGSN combined with 3G SGSN combined with UTRA-RNC combined with LTE-UPE) is another way of solving the issue.
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Figure 7.x-2. Message sequence for LTE paging initiation at UPE when UE was last active in a non-LTE 3GPP RAT
1)
The UE transfers data in 2G or UTRA.

2)
The data flow ceases; the mobile moves to GPRS-Standby, PMM-idle, or URA-PCH.

3)
The UE moves into LTE coverage in a Tracking Area where the UE is "updated" within the MME

4)
MT data arrives at the UPE. The UPE has a GTP tunnel for that UE 'connected' to a 2G/3G SGSN or UTRA RNC.

5)
The UPE forwards the data packet to the SGSN/RNC.

6)
The node at the "end" of the GTP tunnel(s) sends page to the 2G/UTRA cells, and

sends a page back to the MME.

7)
The UE is paged on the 2G/UTRA radio interfaces, but, the UE does not receive this page because the UE is camped on an LTE cell.

8)
The MME sends the page to the eNodeBs in the Tracking Area, and, the eNodeBs page the UE.

9)
The UE responds and the eNodeB sends this response to the MME.

10)
The MME informs the UPE of the eNodeB address and instructs the UPE to terminate downlink data transfer on the GTP tunnel to the SGSN/UTRA-RNC. 

11)
When the MME has received an acknowledgement for step 10 from the UPE, the MME asks the SGSN/UTRA-RNC to forward the MT data packet(s) to the UPE.

12)
The data is returned to the UPE and the UPE performs Header Compression, Encyrption etc.

13)
The MT data is sent to the UE.

7.15.2.2.3
UE last active on LTE, UE now camped on 2G/UTRA
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Figure 7.x-3. Message sequence for LTE paging initiation at UPE when UE was last active in LTE
Editor's note: the message description should be added, however, it is fairly obvious.
7.15.2.3
Other cases

7.15.2.3.1
Crossing messages

In figure 7.x-1 (basic case) "step 4 Mobile Terminating data" can arrive after the eNodeB has sent the message 3 but before the UPE/MME has received the messages sent in step 3.

The damage of this effect could be minimised by the eNodeB sending the message in step 3 "1 or 2 seconds earlier" while the eNodeB continues to act as if it was in the LTE Active state for "2 to 4 seconds after sending the message at step 3".

In figure 7.x-2 a race condition is avoided provided that step 10 is acknowledged before performing step 11.

7.15.2.3.2
Multiple downlink packets

When the UE is not active, more than one downlink packet might be received before the paging is successful and the UE has entered Active mode.

Some considerations:

DRX periods of around 1 second are common;

Home networks [should] implement a firewall to prevent the UEs being spammed from internet (but the MME is in the VPLMN); 

IMS Invites and push-email-initiations should have timers adapted to the radio environment; 

Possibly, paging is only needed for IMS invites; Push-email; and HPLMN originated Device Management. As a crude first estimate, this could be double the rate of the current paging traffic from MSCs.

Should every downlink packet received in LTE Idle lead to paging? Probably the MME ought to run a [5 second timer/timestamp] so that MT packets received within 5 seconds of a previous page are just buffered within the UPE and do not lead to paging.

For the multi-RAT case, it needs to be agreed whether this is MME, SGSN and/or RNC functionality.

7.15.2.3.3
Handling with multiple UPEs per MME

Each UPE [primary PDP context/UE IP address] has a separate state machine to determine whether the UE is in LTE ACTIVE, LTE IDLE, or in "Legacy connected".

In order to minimise signalling and processing load, when data is sent to/from the UE, only those UPEs [probably primary PDP contexts] that actually transfer data move into the LTE ACTIVE state.

This means that MT data can arrive in a UPE for a UE that is in LTE ACTIVE state. However, this can be solved, because (referring to figure 7.x-1, at step 5,) the UPE sends a page message to the MME, and, the MME immediately responds (with step 9) to inform the UPE of the eNodeB address. 

7.15.3
Alternative B: Paging Initiation from eNodeB 
7.15.3.1
Basic case for LTE-only system

The 'basic' message flow for a "single RAT, LTE system" is shown below:
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Figure 7.x-4. Message sequence for LTE paging initiation at eNodeB

1) The UE sends uplink data (or signalling – eg Attach) and enters the LTE Active state. 

Note:
the MME does not seem to need to know that the UE is in LTE ACTIVE for any traffic reason. However, offline statistics/location services/LI might benefit from this knowledge.

2) The data flow pauses for enough time to cause the state to change to LTE Idle.

3) Timers in UE and eNode B expire and the UE moves into LTE IDLE. The network timer is a little shorter than the timer in the UE. (Otherwise there is the risk of loosing MT data if the UE moves to another cell in LTE IDLE while the network believes that the UE is in LTE ACTIVE.) 

Note: this method of operation requires the UE to respond to "paging with a Core Network ID" when the UE is in LTE ACTIVE.

The eNode B does not inform the MME/UPE that the UE has gone to LTE IDLE. Instead, the eNodeB stores the MME's address.

4) Downlink data arrives in the UPE. 

5) The UPE performs the user plane actions (eg header compression, encryption, etc) and forwards the packet to the last used eNodeB.

6) 
The eNodeB buffers the downlink packet; 
requests the MME to page the UE; and
locally pages the UE.

Note: 
this local page at "the last used eNodeB" is quite likely (eg 35% ?) to be successful as, frequently, the UE will still be located within the coverage area of the cell in which it was last in LTE ACTIVE. This local paging is then faster than in the "UPE initiated" paging case as interrogation of the MME is not needed.

7) The MME requests all eNodeBs in the tracking area to page the UE. Over the next DRX period, all the eNodeBs page the UE.

8) The UE responds to the eNodeB on which it is camped. The eNodeB forwards the page response along with cell identity/user plane address to the MME.

If the UE is still camped on the old eNodeB, the UE will access with an identity that probably allows the old eNodeB to immediately deliver the downlink data to the UE.

9) The MME requests the old eNodeB to forward bufferred data to the eNodeB on which the UE is camped; and

the MME forwards the user plane address to (only) the UPE through which this packet was sent.

10) The old eNodeB forwards the encrypted user data packet (stored at step 6) to the new eNodeB and the new eNodeB sends it to the UE.

7.15.3.2
Multi-RAT case

7.15.3.2.1
General

Frequently LTE will be deployed as part of a larger cellular system comprising LTE, UTRA and GSM cells. 

Existing requirements indicate a desire for signalling free mobility in inactive mode between cells in GSM, UTRA and E-UTRA. 

7.15.3.2.2
UE last active on 2G/UTRA, UE now camped on LTE

This signalling sequence is identical to that in section 2.2.2.

3.2.3
UE last active on LTE, UE now camped on 2G/UTRA
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Figure 7.x-5. Message sequence for LTE paging initiation at eNodeB when UE was last active in LTE
1)
The UE transfers data on E-UTRA

2)
The data flow ceases; 

3)
The mobile moves to LTE IDLE.

4)
The UE moves into 2G-GPRS or UTRA coverage in a Tracking Area where the UE is "updated" within the MME. The UE does not signal to the network.

5)
MT data arrives at the UPE.

6)
The UPE performs User Plane tasks (eg encryption) and forwards the encrypted data packet to the last active eNodeB.

7) 
The eNodeB buffers the downlink packet; 
requests the MME to page the UE; and
locally pages the UE.

8) The MME pages the 2G/3G SGSN (with a new GTP message). 

If the 3G SGSN believes the UE is PMM connected, then the SGSN pages the RNC (with a new message).


Also, the MME requests all eNodeBs in the tracking area to page the UE (not sure in figure).

9) The UE responds to 2G/3G cell on which it is camped. The RNC and/or SGSN return the page response along with the GTP TEID to the MME.

10)
The MME informs the UPE of the GTP TEID and instructs the UPE that the UE is now available on 2G/3G. 

11)
When the MME has received an acknowledgement for step 10 from the UPE, the MME asks the last active eNodeB to return the MT data packet(s) to the UPE.

12)
The encrypted data packet(s) are returned.

13)
The UPE decrypts the packet.

14, 15)
the data packet is delivered to the UE.

7.15.3.3
Other cases

7.15.3.3.1
Crossing messages

No unresolved cases identified.

7.15.3.3.2 Multiple downlink packets

The situation is broadly the same as for UPE initiated paging. The main difference is that both the eNodeB and the MME should run a [5 second timer/timestamp] so that MT packets received within 5 seconds of a previous page are just buffered within the UPE and do not lead to paging

7.15.3.3.3
LTE "very" IDLE state / eNodeB restart/ eNodeB 'out of service'

Some UEs will be inactive for large periods of time. During this time, there may be many reasons why the UE's context is lost or deleted in the eNodeB.

For these mobiles, it shall still be possible to deliver mobile terminating data. However, for these mobiles, some extra delay and/or processing may be acceptable.

One potential solution is that when MT data arrives at an eNodeB, and, the eNodeB has lost the MME address for that context; then the eNodeB interrogates the UPE to obtain the MME address. The UPE returns the MME address to the eNode B and the procedure shown in figure 7.X.4 is continued.

An equivalent of Periodic RA Updating should ensure that the MME-eNodeB-UE relationship does not get too out of date.

A separate issue is that of eNodeB deletion and/or eNode B "out of service". In both these cases, the UPE sends the MT user data in UDP packets towards the eNodeB and these packets will not be delivered. Hopefully an ICMP management packet will be returned to the UPE and the UPE can then send a Page to the MME and the MME then detects the current eNodeB address. 

Further study is needed to investigate whether, in practical networks, ICMP (RFC 792) does provide sufficient functionality.

Another mechanism is the Echo Request/Echo Response mechanism as described in TS 29.060. However, this may result is a large quantity of messages if every UPE frequently pings every eNodeB.

7.15.3.3.4
UPE restart

If the UPE "restarts" then it is assumed that the IP addresses are released and that the UEs need to reactivate their PDP contexts (or LTE/SAE equivalent). Care is needed to spread the load caused by these reactivations.

Until the IP address has been reassigned, mobile terminating IP traffic is not possible. 

How the UEs are informed of the UPE restart in a controlled manner is FFS. 

This issue is common to both UPE and eNodeB initiated paging.

7.15.3.3.5
MME restart

Probably, when the MME recovers, it should inform the UPE(s) and actions should be performed in a similar manner to that which TS 23.003 suggests for when the SGSN has restarted and has informed the GGSNs.

This issue is common to both UPE and eNodeB initiated paging.

7.15.3.3.6 Handling with multiple UPEs per MME

Provided that solutions can be found for "out of service eNodeB", then each individual UPE can be handled independently of each other.

7.15.4
Comparison of UPE and eNodeB approaches

The initial analysis indicates that both approaches can work, however, the "paging initation from eNodeB" requires some further study to check the following cases:

a)
that the UPE can decrypt packets returned from the eNodeB prior to their delivery across 2G/UTRA;

b)
that eNodeB 'out of service' problems do not lead to loss of MT events for UEs no longer in that eNodeB's coverage area.

As to which solution leads to "minimum lifetime costs", 


Paging initiation from the UPE appears likely to generate more signalling traffic (caused by LTE Active to LTE IDLE transitions) and hence require more costly UPEs. The signalling traffic also increases if there are multiple UPEs per UE.


Paging initiation from eNodeB appears likely to require more software development.

With regard to performance (speed of MT data delivery);


Paging initiation from eNodeB is faster [50 ms ??? ] for those UEs that have dropped to LTE IDLE in the same BTS site as they were last in LTE ACTIVE in, but, slower [10 ms ???] for those UEs that have moved to a new cell. 

Overall, some further study is needed before coming to a conclusion. In addition, the final decision may be dependent upon other decisions, eg separation of MME and UPE; and, RAN 2 decisions on LTE ACTIVE/IDLE transitions.
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