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1
Introduction
SA 2 have received an LS from RAN 1 in S2-150019 (=R1-145454) in which RAN 1 ask SA 2 several questions. 

This paper addresses just one of those questions

“3
For paging, from RAN1 perspective, the following are beneficial

· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE.

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission.”

Note: the first two questions are probably out of SA2’s field of direct interest.
It should be straightforward to reuse the mechanism developed for the R12 low complexity UE to handle the fact that the UE is a R13 low complexity UE.

However, it is more difficult to cope with the UEs that are in enhanced coverage where many (e.g. 100) repetitions of the paging message might be required.

This document looks at one mechanism that allows the current Mobility Management concept of the S1 reference point to be reused to achieve this. In summary: the cell is made to broadcast 3 TAIs, 2 of the TAIs are unique to that cell site: one is used for mobiles in poor coverage and one is used for mobiles in very poor coverage.

To help understand this concept, section 2 below summarises how TA Updating currently works.

2
How does (existing) Tracking Area Updating work?

The following is a summary of how TA updating and paging works on the UE side of the MME. This summary is provided so that any misunderstandings can be resolved early in this discussion.
The overall processes are specified in detail in TS 23.401 and the individual components of this behaviour are precisely specified in TSs 24.301, 36.300 and 36.413.

Firstly there is some pre-configuration of the network:

i) Each eNB cell is configured with the TAIs of its cells. 

ii) When ‘started’ (or reset) the eNB sends the S1 Setup Request to the MME. The Setup Request tells the MME which TA Codes are served by that eNB. Subsequently, the MME is able to distribute paging messages to ‘the eNBs that serve the TA”.

Note that an eNB can serve more than one Tracking Area, and, that the MME can handle Tracking Areas that span more than one eNodeB.
When the device moves into a new registration area:

a) UE sees that it has left its old paging area

b) The UE sends a TA Update Request to the MME via the eNB. This TAU Request contains the device’s globally unique temporary ID (i.e. the OLD S-TMSI and OLD TAI). The TAU Request does not contain the new cell’s TAI.

c) The eNB sends the TAU Request to the MME as one IE in an S1 interface message. The eNB inserts the new Cell ID and the new cell’s TAI into that S1 interface message.

d) The MME sends a TA Update Accept to the UE containing the TAI that the RAN added in step c. Other TAIs may also be included in the TAI list.
e) The MME stores the TAI list assigned to the UE in its database (its “VLR”)

Then when a Mobile Terminating event arrives at the MME:

1) Downlink Data Notification/SMS arrives in MME
2) MME retrieves UE’s current TAI list from MME’s “VLR”
3) MME looks up which eNodeBs have cells in that TAI list (using the table built in step ii).

4) MME sends one S1 paging message (S-TMSI, TAI) to each of those eNBs.

5) The eNB causes its cells which are in that TAI to page that S-TMSI.

6) The UE responds to the MME by signalling via the cell that it is camped on.

7) The MT data/SMS is sent to the UE via the new cell.

The above processes should be borne in mind while reading the rest of this document.
3
Stationary Devices and Mobility

Cellular operators add and remove cells from their network. Operators also reconfigure the cell’s TAI, e.g. when they re-parent a cell from one MME to another MME.

Environmental changes happen: e.g. buildings get built or knocked down; trees grow; the seasons change and leaves fall/grow; rainstorms occur; lorries park outside your house.

Hence, to the core network, even stationary devices can seem to be “mobile” and change TA.
4
Coverage Extension for Paging
For the extended coverage cases, there is a general interest in “extending range by data repetition”. This works well for the contents of the System Information messages as their content rarely changes.
However, the contents of the paging messages should always be changing (and this is particularly the case if a paging message can carry multiple paging identities).

Movement into and out of poor coverage areas can occur much more frequently than movement between cells or between TAs. Signalling to the network at each ‘coverage level’ change would impose a huge signalling load and UE battery drain.

Paging typically occurs across multiple base stations. With the current S1 based architecture, an eNB does not know whether a mobile has responded to paging on another eNB in the paging area, or, whether the mobile is in poor coverage (and hence “higher energy” page transmission (=repetitions) is desired).
With multi-site paging areas, paging responses will be detected by a more central node. It is this central node that can determine whether the UE has not responded and hence whether a page retransmission is needed. However, retransmissions from the core network should be separated by more than the DRX paging interval and hence, at the radio level, the UE cannot do any practical “combining” of the RF power across them.

Hence coverage extension via paging retransmission will be most effective (in both range extension and minimising wasted page messages in the wrong cell) if it is based on a single cell or single site Tracking Area where the eNB can see if the UE has responded to the page.

Proposal 1:
the system should aim (but not mandate) that mobiles that require “fast radio paging repetition” to enhance coverage are allocated to a single cell’s or single base station site’s “paging area”.
UEs that move in and out of poor coverage, and, which also move between cell sites are a problem. For these core network based retransmission will be needed. In order to assist the RAN in determining what “energy” to put into a page, the CN could indicate the repetition number, and, provide an indication of the importance of the MT event (e.g. routine ping of a door sensor vs trying to track a high value stolen car).
Proposal 2:
the CN-RAN interface could be enhanced to indicate to the CIoT RAN whether the page is a first page or 2nd or 3rd page for that UE, and, to indicate the importance of the MT event. This would permit the RAN to make an appropriate choice of its paging message encoding scheme.

Proposal 3:
(if proposal 2 is adopted) the CN-RAN interface should be enhanced to allow the MME to cancel paging in the RAN, e.g. in the case that the UE has responded on one base station but “99 other base stations” are in the midst of “16 page repetitions”.

5
Selection of correct Paging Areas per coverage type
It is suggested that eNB is configured such that the Radio Interface broadcasts e.g. three TAIs per cell.

Whenever a UE transmits to a cell, the eNB assesses the coverage level (normal, poor, or very poor). In the eNB, each coverage level is associated with one of the broadcast TAIs. When the UE’s information (e.g. EMM message) is sent to the core network, the TAI associated with that coverage level is inserted into the Initial UE message (S1 interface).
Thus when the UE performs a TA Update Request (or Attach Request), the MME will receive the “new TAI” that corresponds to the UE’s coverage level. An unmodified MME will then allocate this TAI back to the UE in the TAU Accept message.

By this means an unmodified MME can be used to assign a TAI corresponding to the correct coverage level. 
Some extra logic is beneficial to ensure that the MME does not construct a TAI List that contains extra TAIs. This logic could be achieved by a coding within the TAI, or, preferably by an additional parameter sent from the RAN to the MME to indicate that the TAI List should be constrained to a single TAI. 

Alternatively, the eNB configuration can identify the ‘poor coverage TAI’, perform paging repetitions in that TA, and page only once (or not at all) in the other TAI(s).
Proposal 4
The Base Station broadcasts multiple TAIs; has the capability to associate each TAI with a different coverage class; and indicates the TAI of the UE’s coverage class to the Core Network in the existing S1 interface signalling.

Proposal 5
the RAN-CN interface signalling is extended so that the RAN can request the Core Network to construct a TAI List that only contains one TAI (i.e. that of the poor, or very poor, coverage area).

Note: 
the concept of a base station broadcasting multiple area IDs is one used by UMTS’s release 99 URA concept. The significant difference here is that the UE only sees TAs, not a mix of RAs, URAs and cells, and hence has just one MM state machine and a reduced set of state transitions
14
Summary
It is requested that the above proposals are discussed, and, corresponding feedback provided to RAN WG 1 and other WGs (e.g. CT 1 and RAN 2 as there is some slight impact on the AS-NAS interface in the UE).
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