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1 Introduction 

In RAN2 #91, it was agreed that as a baseline it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.

In addition the following was left FFS

A non-LC UE capable of EC operation but in normal coverage on a cell that supports EC, monitors …
a) paging according to the new paging mechanism introduced for Rel-13 LC UEs and EC if the NW expects the UE to be in extended coverage, 
b) legacy paging if the NW expects the UE to be in normal coverage

In this contribution, further details on paging for normal and enhanced coverage for MTC UEs will be discussed.
2 
Discussion
In RAN2 #91 meeting it was agreed as a baseline that it is acceptable for a UE to receive paging based only on its current coverage level. Final confirmation of UE behaviour can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.  

However, RAN1 agreed that the M-PDCCH search space for paging includes M-PDCCH candidate(s) with the highest CE level configured in the cell and that RAN1 agreed that M-PDCCH search space is not depended on the CE level.   The UE should therefore monitor the search space for the highest CE level.  
Since the PO is not dependent on the coverage level of the UEs and UEs belonging to different coverage levels can be multiplexed in one Paging message we think that to increase the probability of correct decoding the UE should monitor all M-PDCCH candidates with different CE levels within the search space. 

Given this information we think that the RAN2 agreements shouldn’t be confirmed and should be aligned with RAN1

Proposal 1 The UE should monitor all configured candidates within the M-PDCCH search spaces and not only receive paging based on the current coverage level 
Even though M-PDCCH monitoring for all CE levels may result in a higher battery consumption for the UE, the battery consumption associated to PDSCH and resource usage can be optimized if the M-PDCCH is used to signal the repetition number of the PDSCH.  This would allow the eNB to control the CE level of the PDSCH dynamically.  Also, the M-PDCCH should carry the subband for PDSCH carrying the paging records.  
Proposal 2 The repetition number and frequency location of the associated PDSCH is indicated in the M-PDCCH
To ensure proper paging performance and coverage, some simulation results have shown that paging records multiplexed in one Paging message should be limited and much smaller than 1000 bits, around 300 bits.  Limiting the TBS size to smaller than 1000bits will also help reducing the number of bits required in the DCI.  

Given that the size of a paging record is 61 bits, we think that we should limit the number of paging records to 4 (i.e. 61 x 4 = 244).  
Proposal 3 The maximum TBS used for paging record(s) is smaller than 1000bits and limit the number of paging records that can be multiplex into one paging message to 4.  
The expected behaviour of a non-LC UE capable of EC in normal coverage on a cell that supports EC was discussed and left for further study.  
If the UE monitors the legacy search space (i.e. PDCCH common search space) for paging while the network thinks that the UE is in the EC mode then the UE may not be able to receive the paging due to the mismatch.  If the UE monitors the M-PDCCH search space for normal coverage then the UE will likely receive the paging information.  Therefore, to avoid missing paging information, the UE should monitor the M-PDCCH search space even if it is in normal coverage and supports legacy paging.  However, from a capacity and performance point of view this is not desirable.  The legacy paging mechanism has a much better performance than the LC mechanisms.  Additionally, from a paging capacity point of view it may not be desirable to page all the normal UEs that support EC using the LC channels.  Given that we can only multiplex a small number of devices into a paging message the probability of blockage may increase,  The legacy paging is provisioned to handle a large number of UEs simultaneously.  Therefore, an EC capable non-LC UE in a normal coverage should monitor the legacy paging.  To avoid losing paging, the normal UE can monitor both legacy paging and the EC paging search space.  
Proposal 4 A non-LC UE, capable of EC, in an EC cell should monitor the legacy paging when it is in normal coverage.  In addition, the UE should also monitor the EC search space for paging. 
3 Conclusion
In this contribution the following proposals were made related to paging:
Proposal 5 The UE should monitor all configured candidates within the M-PDCCH search spaces and not only receive paging based on the current coverage level 

Proposal 6 The repetition number and frequency location of the associated PDSCH is indicated in the M-PDCCH
Proposal 7 The maximum TBS used for paging record(s) is smaller than 1000bits and limit the number of paging records that can be multiplex into one paging message to 4.  

Proposal 8 A non-LC UE, capable of EC, in an EC cell should monitor the legacy paging when it is in normal coverage.  In addition, the UE should also monitor the EC search space for paging. 
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