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1 Introduction
This document aims to discuss the requirements and issues for acquisition of network-originated data by MTC UEs in enhanced coverage mode.
2 Use cases for network originated data
One of the difficulties when discussing Machine Type Communications is that there are many potential applications and the aim of the work in 3GPP is to try to ensure that we have a solution flexible enough to cover the majority of use cases. Most of the MTC data will likely be event-driven or periodic reporting of information from UE to application server. However there are occasions whereby the application server may wish to initiate contact with the UE. 

Some example use cases are:

· Software upgrade of the device: This is likely to be an infrequent event, and in many cases delays in acquiring the new software package are probably acceptable (and possibly linked to how frequently uplink reporting needs to occur).
· Checking of device status: Retrieval of configuration status and logs from the device for O&M reasons. Ideally this would have the flexibility to happen on an “on-demand” manner.
· Modification of the device configuration: For example, changing the application level measurement event configuration. Ideally this would have the flexibility to happen on an “on-demand” manner. 
3 Technical considerations
RRC state of the UE

When considering network originated data transfer, we should also consider which RRC state the UE is likely to be in, the DRX cycle that the UE is using, and whether the UE is mobile or stationary. 
In the LS from RAN1 to RAN2 in RAN2#84, it was stated that the MTC UE in enhanced coverage mode is likely to be largely stationary, so this would seem to mean that keeping the UE in RRC connected mode may not be a big issue (for network or UE) in many cases, as frequent cell changes of such devices should not be common. 

On the other hand, if data transfer from the UE is infrequent, and if there are many MTC UEs, then it may be easier for the UE to be kept in IDLE mode.
UE behaviour for receiving mobile-terminated data in enhanced coverage mode

From a UE perspective, the current Rel-11 procedures for contacting the UE using DRX in RRC connected mode and RRC IDLE are currently very similar, in that the UE decodes PDCCH and then, depending on the information received on PDCCH, the UE will decode the PDSCH. 

For operation of MTC enhanced coverage mode, physical channel information will need to be repeated such that the UE can accumulate enough energy to decode the transport blocks, which will obviously have some impact on latency of acquiring mobile terminated data. Vodafone also assumes that this would require the UE to accumulate PDCCH information across a number of DRX cycles.

NOTE: RAN1 is still discussing exactly how the UE would acquire PDSCH data for common channels (System information and Paging), i.e. whether PDCCH would need to be decoded first or whether the UE would attempt to decode the PDSCH directly, and obviously they will consider impacts to UE battery consumption, latency, and spectrum efficiency. 

Impact on network behaviour for mobile terminated paging to the UE in RRC IDLE

Provisioning of data to UE in MTC enhanced coverage mode when they are RRC IDLE provides some challenges, because:

1) The network does not know if the UE is in an “enhanced coverage mode” situation or not. 
2) The network does not know which cell the UE is in.

Both of the above issues will mean that there could be large inefficiencies in the network repeating paging-related information (PDSCH and possibly PDCCH) to the UE, both repeated in time (delays) and repeated in all of the cells of the Tracking Area. 

4 Possible solutions to allow more efficient network-originated data transfer to UEs in enhanced coverage mode
Approach 1:Only provide network originated data to RRC connected UEs 

This may mean that such UEs only receive data after a recent mobile originated application data transfer by the UE, OR due to a recent NAS signaling In case of NAS procedures the MME may need to tell the eNB not to release the RRC connection immediately if it knows there is MT data to send.

NOTE: Application layer data may also be in the form of the UE infrequently polling the application server to check for mobile terminated data.

As the UE is likely to be largely stationary, it would seem unlikely that the UE would change frequently between requiring “normal coverage” and requiring “enhanced coverage”, so the situation where the network assumes the UE needs repetitions when in fact it doesn’t might not happen very often.

Approach 2: Provide a paging optimization for RRC IDLE UEs 

As the UE is likely to be largely stationary, the MME could use the CGI from initial UE message over S1 to understand where UE is located. In addition, the eNode B could inform the core network of the last cell (or cells) that was used to serve the UE before it last released the RRC connection. This would allow the MME to initially attempt paging only towards the indicated eNode B and cell(s). Both of these solutions could optimize paging bahaviour
The eNode B could also tell the MME whether the UE supports “MTC enhanced coverage mode” and whether it required MTC enhanced coverage when it released the RRC connection. The MME could then forward this information back to the eNode B along with any paging message, and the eNode B could use this to decide whether to first attempt to contact the UE first via normal paging, or whether to contact the UE directly via “MTC enhanced coverage” paging.

If the UE does not respond to paging in those cells, then either the MME could give up and wait for the UE to connect next time, or it could try a normal and/or enhanced coverage page in the whole Tracking Area if needed.

Due to the delays that repetition would cause, it is likely that MME timers will need to be extended, to ensure that the MME does not repeat a paging to the eNode B too early (before a present UE receives the original paging message).

5 Way forward
Vodafone is still considering which approach is preferable. 

On one hand an IDLE mode paging solution may ensure that UEs can be controlled quickly if they appear to be doing something unexpected for example (i.e. driven by case 2, and leading to case 1 or 3 above). 

On the other hand, it may be more effective to allow this to the application layer to resolve (although then it is difficult for the operator to control the impact to their network (i.e. UEs sending keep alive messages too frequently to check for network-originated data, due to the lack of a paging procedure in IDLE mode).

Vodafone would like more discussion on the feasibility of a paging solution for MTC enhanced coverage mode. 
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