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1. Introduction

A new Rel 13 Work Item on Further LTE Physical Layer Enhancements for MTC has been approved [1] with work in RAN2 starting in RAN2#89.  
On the issue of Paging for MTC, RAN2 has received an LS from RAN1 informing of the following agreements [2]:
RAN1 agreements
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.

Furthermore, RAN2 has also received an LS from RAN1 with the following observations regarding coverage enhancements for paging [3]:
1. In order to determine the required amount of the coverage enhancement techniques, both the UE radio capability and information about the UE’s current coverage situation are required. The UE radio capability on whether it supports coverage enhancement techniques does not change. Note that a UE with coverage enhancement capability is not necessarily in extended coverage. The required amount of coverage enhancement can be practically stable for some users, but changing for some other users. RAN1 has not yet discussed granularity of coverage enhancements for paging transmissions. 

2. eNB needs to know the coverage situation of the UEs, i.e. in normal or extended coverage, for paging, but RAN1 does not have the view whether to store it in CN or not.
In this contribution we discuss how to design the Paging procedure for Rel. 13 low complexity UEs and coverage enhancement UEs. 

2. Discussion

A Rel. 13 MTC UE supports only narrowband operation within 6 contiguous PRBs. Hence, this Rel. 13 MTC UE 
· Cannot decode PDCCH (if the system bandwidth is larger than 1.4MHz)
· Can only support PDSCH on 6 contiguous PRBs within a wideband system
The current paging procedure in LTE requires the UE to monitor PDCCH scrambled with P-RNTI during its paging occasions. However, due to the above identified limitations, the legacy paging procedure cannot in general be applied to Rel 13 MTC UEs.
Furthermore, RAN1 has informed RAN2 in [2] that new paging messages need to be defined for Rel. 13  MTC, and such paging messages are transmitted separately from paging messages for other UEs.  This has a direct impact on the overall paging load of the eNB, which will need to be increased in order to address the potentially very large number of MTC devices in the future.

We believe the above issues can be handled by introducing a narrowband paging procedure for Rel-13 MTC UEs. In the following section we propose some design principles for such procedure.

2.1. Paging for Rel-13 MTC UEs
One way to support narrowband paging for Rel13 MTC is shown Figure 1, which illustrates N paging frequency regions defined within the system bandwidth. The number of paging regions is configurable by the eNB. The UE selects a paging region to monitor based on a new paging determination procedure defined for Rel 13 MTC. In addition, the center 6 PRBs region may be configured as a default paging region as it also contains PSS/SSS/PBCH. 

Defining multiple narrowband frequency regions for paging has the following benefits: 
1. Increases the paging capacity for MTC UEs. The number of paging messages contained in a Paging occasion is increased by N 
2. Allows flexible Paging operation with different coverage enhancement requirements. For example, different narrowband regions may correspond to different PDSCH bundling sizes.
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Figure 1: Example of multiple narrowband regions for Paging in Rel 13 MTC 
Hence the narrowband paging scheme provides the necessary functionality to support Rel 13 MTC UEs and UEs in coverage enhancement.   
Proposal 1: Introduce narrowband paging procedures for Rel 13 MTC UEs and UEs in coverage enhancement.
Proposal 2: Support multiple bundle/repetition sizes across different narrowband paging regions.  

2.2. Coverage enhancement for Paging
As indicated in the RAN1 LSs [2][3] it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during paging message transmission. Furthermore, the amount of coverage enhancement required depends both on static factors for some users (e.g configuration) as well factors that could change in time for other users.
Observation 1: Paging coverage enhancement should allow support for UEs requiring fixed coverage enhancement as well as UEs whose coverage requirement change over time.
The first issue is where to store the information regarding the required paging coverage enhancement for the UE. Since in general the eNB does not maintain context for UEs in idle mode, it is logical to store such information at the MME. When paging a UE, the MME can in turn inform the eNBs within its tracking area of any stored information about the paging coverage enhancement for the UE. 

Proposal 3: The required amount of coverage enhancement for paging is stored at the MME.

Proposal 4: The MME includes the stored information about the amount of coverage enhancement in the paging request message to the eNB.
The next issue is how the determination of the amount of CE for paging is performed. It seems natural that, since the amount of coverage may depend on radio conditions, the eNB determines the CE amount when UE is connected (e.g during a RACH procedure or afterwards, but before the connection is released) and informs the UE. When the UE returns to IDLE, it monitors paging according to the configured CE value.
Proposal 5: The eNB configures the UE with paging CE level, which is used by the UE to monitor the paging channel.
As discussed before, there are two cases to be considered: 

1. MTC UEs requiring fixed coverage enhancement 
· This would correspond, for example, to a UE being deployed in mobile scenarios which would require frequent CE level changes, leading to larger overheads in attempting to optimize for each of them. For such devices, a fixed CE level, though possibly pessimistic is more suitable for mobility support.
2. MTC UEs with coverage enhancement that changes in time 

· It should be expected that this mode is used only in cases where CE levels only changes infrequently
The UEs in the first case may, for example, require only a small coverage enhancement where one would expect limited gain in adaptively adjusting their CE level while the UE is in IDLE. For such UEs, the configured value of paging CE level remains fixed until it is potentially updated during the next connection to the eNB.
In the second case, the UE’s coverage enhancement may vary significantly over time. If the UE’s coverage condition worsens while the UE is IDLE, the paging CE level configured during the previous connection may no longer be sufficient for the UE to decode the paging message. Thus, the UE may become unreachable for an extended period of time if the paging CE level becomes insufficient. At the same time, it is desirable to avoid the situation where the worst case CE level is configured for these UEs as this would unnecessarily consume a significant amount of resources. 

Hence, we propose that when the UE detects that its downlink coverage has worsened (e.g based on measurements) it monitors paging at a higher CE level. 
Proposal 6: The UE is signalled by the eNB whether the configured paging CE level is:

a) fixed until the next configuration by the network; or

b) a default level to be monitored. The UE may subsequently adapto to higher CE levels based on its radio condition. 
Proposal 7: The UE may request a fixed or adaptive CE level based on its configuration and support. 
In order to page the UE that has moved to a higher CE level, the eNB can attempt paging successively at multiple CE levels, until the MME indicates the UE has responded to the paging request. Such paging mechanism allows the network to reach the UE without requiring the UE to establish a new connection each time its paging CE level needs to be updated (which would incur unnecessary radio signalling and power overhead).
Proposal 8: The UE does not trigger an RRC connection when it selects a higher paging CE level.

3. Conclusion

In this contribution, we provided our views on the paging procedures for Rel 13 MTC UEs, including low cost UEs and UEs in coverage enhancement. We made the following proposals:

Proposal 1: Introduce narrowband paging procedures for Rel 13 MTC UEs and UEs in coverage enhancement.

Proposal 2: Support multiple bundle/repetition sizes across different narrowband paging regions.  

Proposal 3: The required amount of coverage enhancement for paging is stored at the MME.

Proposal 4: The MME includes the stored information about the amount of coverage enhancement in the paging request message to the eNB.

Proposal 5: The eNB configures the UE with paging CE level, which is used by the UE to monitor the paging channel.
Proposal 6: The UE is signalled by the eNB whether the configured paging CE level is:

a) fixed until the next configuration by the network; or

b) a default level to be monitored. The UE may subsequently move to higher CE levels based on its radio condition. 
Proposal 7: The UE may request a fixed or adaptive CE level based on its configuration and support. 

Proposal 8: The UE does not trigger an RRC connection when it selects a higher paging CE level.
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