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1 Introduction
A new RAN1 WI Further LTE Physical Layer Enhancements for MTC was approved in [4], with the following objective
· Specify a new Rel-13 low complexity UE category/type for MTC operation 
· Specify a new UE for MTC operation in LTE that allows for target enhanced coverage of up to 15 dB 

After the first few RAN1 meetings, reduced UE bandwidth of 1.4 MHz in downlink and uplink has been prioritized as the most important complexity reduction technique for Rel-13 MTC.  
Additionally, the focus of RAN1 work has been on coverage enhancements up to 15 dB, which can be applicable to the reduced complexity UEs as well as other UE categories. 

In this contribution several aspects related to paging are discussed, such as the required signalling and interaction between the MME and eNB. 
2 Discussion
2.1 RAN1 agreements
With respect to paging/RAR, the following agreements have been made [3]: 

1. Paging/RAR 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/RAR 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.
2.2 Considerations for bandwidth reduced UEs
As per RAN1 agreements, the Rel-13 bandwidth reduced UEs will not be able to receive or transmit over more than 6PRBs and will likely not be able to read legacy PDCCH.  Due to this, in order to properly page the UE, the eNB needs to be aware of UE BW restrictions and the properties of the paging channels to be used (pending RAN1 decision on control vs. control-less paging mechanisms).  
When in idle mode, the eNB doesn’t have any UE context and when the MME sends a paging request it doesn’t have knowledge that the UE to be paged is a BW reduced UE.  In Rel-12, the LC MTC UE reports the UE paging category in UERadioPagingInfo to the eNB which is then forwarded to the MME via S1 signaling in UERadioPagingInformation.   

Given that the bandwidth reduced UE is a static category it is it proposed to use the mechanism as adopted for Rel-12 category 0 UE:

· Extend The UERadioPagingInfo sent by the UE to the eNB to include the new bandwidth reduced capability.  
· Use The UERadioPagingInformation, which contains the UERadioPagingInfo to convey this capability from the eNB to the MME and from MME to the eNB indicating that the UE to be paged is a bandwidth reduced UE. 
Proposal 1 MME/eNB should be notified of the bandwidth reduced UE capability by extending the UERadioPagingInfo and the UERadioPagingInformation (e.g. similar mechanism to Rel-12 category 0 UE)
2.3 Considerations on coverage enhanced UEs
In order for the eNB to determine the proper coverage enhancement technique, it should be aware of the coverage state of the UE.  Unlike reduced bandwidth, which is a static capability, the coverage state of a UE can dynamically change based on channel conditions and UE location.  A coverage enhanced capable UE is not necessarily operating in an extended coverage state.  

Observation 1 The CE state and levels in the UE may change dynamically depending on channel conditions and UE location.
In order to efficiently page the UE and not assume worst case scenario and perform the highest level of repetitions, the eNB should be aware of the coverage state of the UE. 
The eNB may determine the coverage state of the UE upon initial connection (e.g. according to PRACH procedure as agreed by RAN1) and may be aware of the state of the UE as long as the UE remains in connected mode.  

However, once the UE moves to idle mode, the eNB will delete the  UE context and therefore when a paging message is received from the MME it will not know the coverage state of the UE.  

To allow the eNB to reach the coverage limited UEs, the eNB should have some knowledge of the coverage level or state of the UE.  It should be noted that the coverage level of the UE is with respect to a cell.

There are mainly two mechanisms to achieve this:
1) The eNB stores the coverage level information determined/received for the UE - The eNB stores the coverage level information for a UE that enters RRC idle.  The MME will page a UE across eNBs belonging to a tracking area and only the eNB which has stored a coverage level for the corresponding UE will page the UE using repetitions.  The other eNBs will use normal paging mechanisms to page the UE.  However, storing the information in the eNB may not be desirable as it would result in significant changes to existing eNB behavior.  Currently, the eNB doesn’t store UE specific information and it doesn’t have to match paging messages to stored information.  Additionally, behavior of deleting UE specific information would have to be further specified. 
2) The eNB notifies/updates the MME of the coverage state and level of the UE. The notification/update can be provided whenever a change is detected or when the RRC connection with the UE is released and the UE goes to idle mode.  While this alternative may result in a few more frequent exchanges with the MME, it has the benefit of keeping existing eNB behavior untouched.  When paging, the MME may notify the eNB to page assuming a certain coverage state and level.  This may be done by extending the UERadioPagingInformation IE to include coverage state and level. 
Proposal 2 The eNB notifies/updates the MME of a UE’s coverage state and level using new values included in the UERadioPagingInformation whenever a change is detected or on RRC connection release.
The proposal above allows the eNB to notify the MME of the coverage state/level of the UE prior to moving to idle mode.  However, while in idle mode the UE may change coverage state (e.g. become coverage limited or stop being coverage limited).  RAN2 should discuss whether the MME and/or eNB should be notified when such changes are detected in the UE.  

In the case where the UE was not in coverage limited state when entering idle and it becomes coverage limited, it would be essential for the UE to notify the eNB or the MME that is has changed coverage state.  Otherwise the UE will be unreachable.  

Proposal 3 The UE should trigger a notification to the network when it becomes coverage limited while in idle mode.
The UE may notify the eNB or MME of such change by either higher layer signaling, e.g. triggering a new tracking area update, or by means of triggering a RACH procedure.

The details of these procedures can be discussed further once RAN2 has agreed how coverage state/level is stored in the network.  

2.4 Other Paging considerations
Currently, for normal LTE operations, multiple UEs can be paged with a single paging message.   We think that a similar mechanism should be used for bandwidth reduced and coverage enhanced UEs.  For a given PO, the group-specific paging will reduce the blocking probability due to the lack of paging resources as well as increase the channel coding gain as the turbo decoder performs better with larger information block sizes.
Proposal 4 Group paging is supported for MTC UE in normal and enhanced coverage

In RAN1 and in RAN2 there have been several proposals to allow paging without an associated downlink control channel for MTC UE to avoid the specification efforts for EPDCCH common search space. 

However, we think it would be beneficial to use EPDCCH for the scheduling of group paging since the UE monitors paging occasions although there may be no paging intended for the UE. Therefore shorter detection time for each decoding attempt is desired to reduce the UE battery consumption. Note that the detection time of EPDCCH will be much shorter than that of PDSCH containing the group paging as the EPDCCH payload size is smaller than that for the group paging.     

Proposal 5 Paging messages are scheduled by an associated DL control channel (e.g. EPDCCH)

3 Conclusion

After considering the different RAN1 agreements and the discussions presented in the contribution on different paging aspects, we propose the following: 
Proposal 6 MME/eNB should be notified of the bandwidth reduced UE capability by extending the UERadioPagingInfo and the UERadioPagingInformation (e.g. similar mechanism to Rel-12 category 0 UE)

Proposal 7 The eNB notifies/updates the MME of a UE’s coverage state and level using new values included in the UERadioPagingInformation whenever a change is detected or on RRC connection release.
Proposal 8 Group paging is supported for MTC UE in normal and enhanced coverage
Proposal 9 Paging messages are scheduled by an associated DL control channel (e.g. EPDCCH)
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