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1 Introduction

In RAN#66, it is agreed in [1] to investigate Rel-13 low complexity UE (LC-UE) with the following characteristics:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

In addition, Rel-13 LC UE needs to target a relative LTE coverage improvement – corresponding to 15 dB for FDD – with respect to the nominal coverage.
RAN 1 has sent a LS to RAN 2 with the following agreements for idle mode paging Rel-13 LC UE:

1. Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.

2. Paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.

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.

In addition from the last RAN1#80 meeting, the following agreements and working assumptions were drafted:

· For Rel-13 low complexity UEs in enhanced coverage at least for system BW>1.4MHz
· No multiplexing within a PRB pair of the physical downlink control channel for MTC UEs and PDSCH for MTC UEs
· Working assumption: The demodulation of the physical downlink control channel for MTC is based on at least DMRS
· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz
· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
In this contribution, the signalling required for the eNB to know that it is a Rel-13 LC UE and whether it is in coverage enhanced mode is discussed. In addition, a design for idle mode paging for the coverage enhanced and non coverage enhanced Rel-13 MTC UE is also proposed.

2 Discussion
2.1 eNB knowledge of Rel-13 LC UE for idle mode paging

Rel-12 LC UE has the following main characteristics:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits (only to unicast).

Only 1 RX antenna affects the idle mode paging for Rel-12 LC UE and this is resolved by ensuring that eNB knows the paging is for a Rel-12 LC UE so that eNB can compensate for the loss in DL coverage for the paging message (e.g. via power boosting, smaller paging message etc.). 
Similarly, for idle mode paging of Rel-13 LC UE, the eNB needs to know that it is paging Rel-13 LC MTC UE because of the reduced bandwidth requirement.   As per the last RAN1#80 meeting the following working assumption for a MTC specific “physical control channel” was drafted that the eNB could use for these Rel-13 LC MTC UEs:

· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz
· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
On how the eNB is aware that it is a Rel-13 LC MTC UE, the same mechanism as Rel-12 can be used to provide this. Basically, the Rel-13 LC UE indication (e.g. ue category XX) is provided to the eNB as part of the UE capability signalling. The eNB then sets the Rel-13 LC UE indication in a RRC Container (i.e. UERadioPagingInformation container, a separate container to the UE capability container) and provide it as part of the signalling during S1 capability transfer to MME. The MME stores the container transparently for the UE context and provides it in the S1 Paging message to eNB when the idle mode Rel-13 LC UE is paged.

Proposal#1: eNB needs to be aware of Rel-13 LC MTC UE for sending the RRC Paging message.  The same mechanism as Rel-12 Category 0 UE can be used for this (i.e. Upon receiving the Rel-13 LC MTC Indication in the UE capability RRC message, the eNB sets the Rel-13 LC MTC indication in a RRC Container (i.e. UERadioPagingInformation container, separate to the UE capability container) during S1 capability transfer to MME by eNB and the MME provides the UERadioPagingInformation RRC container to eNB with Rel-13 LC MTC UE in S1 paging message)
Furthermore, the UE maybe in coverage enhanced mode. This needs to be known to the eNB so that it can compensate for coverage loss required for the Rel-13 LC-MTC UE in coverage enhanced mode. In Rel-12 from RAN 1 [2], it is assumed that ‘A UE requiring large coverage enhancement is assumed by RAN1 to be close to stationary, however mobility and external factors (including someone moving the device) may influence channel conditions and cell camping, so the UE would need to be able to react to such changes appropriately in order to avoid long service outage and avoid large system inefficiencies.’ This means that it is possible to assume that the UE is stationary most of the time and the movement if any is infrequent. 
Furthermore, it is not sufficient to just know whether a UE is in coverage enhanced mode as it will mean that the eNB has to assume the worst repetition level for paging the UE. In order to improve the spectral efficiency, it is beneficial for the eNB to know the amount of coverage enhancement required as indicated in the RAN 1 LS.
Observation#1: UE in coverage enhanced mode is assumed to be stationary and any movement (if any) will be infrequent.
If the update of the coverage enhanced mode and the amount of coverage enhancement is more frequent that normal from the UE, the network should be able to configure some mechanisms to control the frequency of updates from the UE.

Based on the observation, it can be assumed that the changes to coverage enhanced mode and the amount of coverage enhancement are quite infrequent. Since the overhead of keeping the network up to date of whether a UE is in coverage enhanced mode and the amount of coverage enhancement required is low, it is proposed that:

Proposal#2: eNB needs to be aware of whether a UE is in coverage enhanced mode and also the amount of coverage enhancement is required. MME stores this information and provides it to the eNB for use in idle mode paging.
Proposal 3: If the update of the coverage enhanced mode and the amount of coverage enhancement is more frequent that normal from the UE, the network should be able to configure the UE with some mechanism to control the frequency of updates.

If Proposal#2 is agreed, the method of providing the information to the network needs to be discussed.
Since whether a UE is in coverage enhanced mode is clearly not a UE capability, the method of using UE capability RRC signalling proposed in Proposal 1 for Rel-13 LC indication is not suitable. Once a UE detects that its coverage enhanced mode has changed (e.g. it requires or no longer requires coverage enhanced mode) or the amount of coverage enhancement has changed via some measurement defined in RAN 1/4, it triggers a NAS message (e.g. tracking area update request, attached request and/or service request). Which NAS message to be used can be discussed further in CT1. The information on coverage enhanced mode and amount of coverage enhancement can then be either:

(a) provided in the NAS message (e.g. traking area update request, attached request and/or service request)

(b) determined by the eNB in response to being informed by the UE of coverage status changes via a new or modified RRC message (e.g. the RRC Connection Request) 

(c)  derived by the eNB via the initial establishment (e.g. preamble used, amount of repetition for RAR etc.) and subsequent measurements in RRC Connected mode (e.g. CSI, RRM measurement etc.).
For (a), the MME can store the information for that UE context and use it later when it needs to page the UE in idle mode. 
For (b), the eNB can further process the information and forwards the information to MME as part of the UERadioPagingInformation RRC container to the MME. Like in the Rel-12 LC UE indication, the container will be provided to the eNB when the MME needs to page an idle mode UE.

For (c), it is like (b) but no further signalling is required in the RRC message but is left to the eNB to determine/decide whether the UE needs to be in coverage enhanced mode and the amount of coverage enhancement required.

Since coverage enhanced mode and amount of coverage enhancement of a UE are radio related condition, we have a preference of (b) and (c) to provide such information. Hence it is proposed:
Proposal 4: Whether or not the UE is in coverage enhanced mode and the amount of coverage enhancement required, should determined by the eNB by either using :

· A new of modified UE RRC message  (e.g. RRC connection request) sent by the UE to specifically infrom the eNB of coverage status changes

· Characteristics of the initial establishment (e.g. the amount of repetition for RAR and/or preamble used) and subsequent measurement in RRC connected mode (e.g. CSI, RRM measurement, etc).
The transferring of the coverage enhanced mode and the amount of coverage enhancement of a UE to the MME can be done by the eNB using extensions added to the S1 “UERadioPagingInformation” message (i.e. a similar solution to that already applied to indicate Rel-12 LC UEs). However, when and how it can be transferred should be discussed further in RAN 3.

Proposal 5: eNB uses additional extensions to the RRC “UERadioPagingInformation” container to provide the coverage enhanced mode and amount of coverage enhancement of a UE to the MME. When and how the eNB provides the container to MME is left to RAN 3.
3 Conclusion

 It is recommended that RAN 2 discusses the following proposals:
Proposal#1: eNB needs to be aware of Rel-13 LC MTC UE for sending the RRC Paging message.  The same mechanism as Rel-12 Category 0 UE can be used for this (i.e. Upon receiving the Rel-13 LC MTC Indication in the UE capability RRC message, the eNB sets the Rel-13 LC MTC indication in a RRC Container (i.e. UERadioPagingInformation container, separate to the UE capability container) during S1 capability transfer to MME by eNB and the MME provides the UERadioPagingInformation RRC container to eNB with Rel-13 LC MTC UE in S1 paging message)

Proposal#2: eNB needs to be aware of whether a UE is in coverage enhanced mode and also the amount of coverage enhancement is required. MME stores this information and provide it to the eNB for use in idle mode paging.
Proposal 3: If the update of the coverage enhanced mode and the amount of coverage enhancement is more frequent that normal from the UE, the network should be able to configure the UE with some mechanism to control the frequency of updates.
Proposal 4: Whether or not the UE is in coverage enhanced mode and the amount of coverage enhancement required, should determined by the eNB by either using :

· A new of modified UE RRC message  (e.g. RRC connection request) sent by the UE to specifically infrom the eNB of coverage status changes

· Characteristics of the initial establishment (e.g. the amount of repetition for RAR and/or preamble used) and subsequent measurement in RRC connected mode (e.g. CSI, RRM measurement, etc).

Proposal 5: eNB uses additional extensions to the RRC “UERadioPagingInformation” container to provide the coverage enhanced mode and amount of coverage enhancement of a UE to the MME. When and how the eNB provides the container to MME is left to RAN 3.
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