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1. Introduction 
In RAN1#82, the following was agreed on paging:

· Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)

· One or more narrowbands can be configured by eNB for paging

· A UE monitors a paging occasion in one of the configured narrowbands in the subframe based on at least UE ID at least for paging record(s)
· On indicators for system information update, ETWS, and CMAS:

· Option A: Transmit in M-PDCCH 

· Option B: Transmit in PDSCH 

· FFS if the paging occasion for SI update, ETWS, and/or CMAS is a cell common or not

· FFS additional information (e.g. CFI, TDD configuration) in the associated DCI or paging message

· The M-PDCCH search space for paging includes M-PDCCH candidate(s) with the highest CE level configured in the cell

· Note: the ‘CE level’ can be replaced by a proper terminology later if needed

In RAN2#89bis [1] the following was agreed on paging:
· The UE does not inform the network when it changes the extended coverage level within a cell nor when it changes to another cell while being in extended coverage (unless it changes the tracking area)
In RAN2#91 the following was agreed also agreed on paging:

· RAN2 agrees 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

This contribution discusses some considerations based on these agreements.
2. Discussion
Numerous repetition of the same message is the main method used in providing Coverage Enhancement for LC-MTC and it is known to be spectrally inefficient.  Hence, scalable spectral efficiency, where the LC-MTC UE uses the number of repetition appropriate for its radio condition is beneficial.  However, for paging, since it was agreed in RAN2 that the LC-MTC UE does not inform the network of its CE level, the eNB cannot apply scalable spectral efficiency on the paging for a target LC-MTC UE and would need to transmit the paging (MPDCCH & PDSCH) using the largest CE level.
If the paging is expected to use the largest CE level, the LC-MTC UE would need to wake up longer in each paging occasion in order to monitor for a possible paging message.  This would consume unnecessary battery power if the LC-MTC UE is at a lower CE level.  Although the eNB is not aware of the LC-MTC UE’s CE level, the LC-MTC UE knows its own CE level to a certain accuracy (at least it is reliable for an LC-MTC UE to distinguish between the lowest and highest CE level according to RAN 4 [2]).  
Observation 1: Although eNB is not aware of LC-MTC UE’s CE level, the LC-MTC UE is able to determine its own CE level up to a certain accuracy.

Hence, it would be beneficial if the eNB transmit the paging (MPDCCH & PDSCH) targeting all or some of the CE levels and the LC-MTC UE determine which CE level to monitor.  This is also conclusion from RAN2.  This can be done by:
· Option 1: The DCI that schedules the paging message is sent using multiple MPDCCH candidates in the MPDCCH search space.  For example one DCI message is sent using an MPDCCH candidate targeting CE level 1 whilst another is sent targeting the highest CE level.  However, this would mean an AL=24 cannot be used for any candidate since the search space needs to share its frequency resource for different DCI transmissions.
· Option 2: Since it is agreed that multiple narrowbands can be used for paging, the narrowband is also CE level dependent.  Hence, narrowband targeting a lower CE level would have smaller number of repetitions in the MPDCCH and PDSCH compared to one that targets a higher CE level.  LC-MTC UE would select the narrowband based on its CE level in addition to its UE ID (as per agreement) to spread the load within a CE level.
· Option 3: Use only one MPDCCH candidate in the MPDCCH CSS that schedules the PDSCH (carrying the paging message).  However, define early termination points where each termination points correspond to a CE level.  For example in Figure 1, a single MPDCCH targeting the highest CE level (i.e. CE Level 3) starts at t0 and ends at t6 but with early termination points at time t1 and t4 for CE Level 1 and CE Level 2 respectively.  The LC-MTC UE can decide when to perform early termination based on its CE level.  The DCI can point to a single PDSCH narrowband that can start k subframes after the first early termination point (e.g. time t2) to maintain the timing between end of MPDCCH and start of PDSCH (the LC-MTC UE would early terminate the PDSCH based on its CE level). Alternatively, as shown in Figure 1, the LC-MTC UE can apply a known offset to the narrowband indicated in the DCI based on its early termination point so that a different PDSCH narrowband is used for LC-MTC UE at different CE level (e.g. if CE level specific info is required in the paging message).
· Option 4: The paging (MPDCCH & PDSCH) for different CE level occurs at different paging occasion.  For example in Figure 2, we have three CE levels where the Paging Occasion (PO) for each CE level occurs at specific PO.  The LC-MTC UE needs only to monitor the MPDCCH at PO that matches its CE level and if it detects an MPDCCH, it would receive a PDSCH appropriate for that CE level at k subframes after the end of that MPDCCH repetition.  Hence, LC-MTC UE that is at CE Level 1 need only wake up at PO corresponding to CE Level 1. 
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Figure 1: Early termination for paging
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Figure 2: CE level based Paging Occasion

Among the options, we have preference for Option 3 or Option 4, where in Option 3 the LC-MTC UE does not need to perform any blind decodes whilst in Option 4, the LC-MTC UE can have a longer DRX if it is aware of its own CE level (the accuracy of this can be defined in RAN4).

Proposal 1: The MPDCCH and the PDSCH of the paging are transmitted at multiple CE levels.  
Paging for indication of SI update, ETWS and CMAS can either be sent directly in the DCI (carried by MPDCCH) or in the PDSCH (scheduled by DCI).  If the indication is sent in the paging message (carried by PDSCH) then it is possible to indicate additional information such as which SI has an update so that the LC-MTC UE need only read the specific SI.  On the other hand, in order to distinguish these indications, technically a single bit is sufficient, i.e. SI update or ETWS/CMAS, which would result in a small DCI and small number of repetitions at the expense of additional blind decode at the LC-MTC UE (unless such indications are sent using different PO).  Additional information on the exact SI that has changed can be further indicated in SIB1 e.g., extended value tag.  Hence, we have preference that SI update, ETWS and CMAS indications are transmitted using DCI.
Proposal 2: Indicators for system information update, ETWS, and CMAS are transmitted in the MPDCCH.

For network initiated call, the paging message can contain additional information especially if the paging message is transmitted at known CE level.  One example is the paging message contains uplink grant for Message 3 for the LC-MTC UE that it paged for RRC Connection.  This would significantly reduce the RACH process which consists of power consuming PRACH transmission (that may require several attempts due to collision) and RAR decoding (which may require multiple blind decodes if a RAR time window is used).  However, timing advance information is not available at the point of sending the paging message.  One way is for the eNB to reserve an additional subframe at the end of Message 3 repetition at least for the 1st transmission to absorb any uplink transmission that arrives late, that is if the repetition for Message 3 is RM, the LC-MTC UE transmit RM PUSCH repetitions but the eNB reserve RM+1 subframes.  To help eNB determine the timing of the LC-MTC UE uplink transmission a known preamble can be transmitted prior to the Message 3.  The Timing Advance can be corrected by the eNB in the retransmission of Message 3 (or in Message 4 if no retransmission is required for Message 3).
Proposal 3: Consider sending the uplink grant for Message 3 in the paging message to reduce RACH process.

3. Conclusion

In this contribution we discuss some consideration on paging in CE mode.  We observe the following:

Observation 1: Although eNB is not aware of LC-MTC UE’s CE level, the LC-MTC UE is able to determine its own CE level up to a certain accuracy.
We propose the following:

Proposal 1: The MPDCCH and the PDSCH of the paging are transmitted at multiple CE level.
Proposal 2: Indicators for system information update, ETWS, and CMAS are transmitted in the MPDCCH.

Proposal 3: Consider sending the uplink grant for Message 3 in the paging message to reduce RACH process.
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