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1 Introduction
In RAN1#82, paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage was discussed with the following agreements.

Agreements:
· 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 meeting, the following agreements about paging for Rel-13 low complexity UEs and/or UEs operating coverage enhancements (CE) were achieved:

	Agreements
1
Rel-13 “normal complexity” UEs in enhanced coverage are paged using the mechanism introduced for paging Rel-13 “low complexity” UEs.

3
For CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 

6
Extend the radio paging information container (MME => eNB) to provide information on whether the paging request is for a Rel-13 low complexity/enhanced coverage UE.

6a
For LC/EC UEs, RAN2 considers it beneficial if the CN (MME) provides the “paging attempt number” to the eNB.

7
Coverage enhancement level related information and the corresponding cell ID is provided from eNB to MME.

8
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 this contribution, we further discuss remaining issues on paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage.
2 Discussion

In RAN2 #89bis meeting, it was agreed that for CN initiated paging, the starting subframe of a paging occasion and the repetition pattern of that paging occasion is determined irrespective of the UEs’ coverage extension level. That means that paging messages for UEs in normal coverage and UEs requiring different coverage extension levels are scheduled within the same paging occasion. In RAN1, it has been agreed that PDSCH carrying paging message is scheduled by M-PDCCH. 
The most straightforward scheduling approach is that all the paging records for UEs in the same PO are transmitted in the same PDSCH scheduled by one M-PDCCH. In order to guarantee the coverage for UEs with the maximal coverage extension level, PDSCH and M-PDCCH shall be repeated based on the maximal coverage extension level. Obviously, the paging capacity would be quite limited because the paging capacity is reduced to 1/PO_Len compared to the legacy LTE system, where PO_Len is the length of the paging occasion which shall be equal to or larger than R_PDCCH or R_PDCCH + R_PDSCH where R_PDCCH/R_PDSCH are the repetition number of M-PDCCH and PDSCH corresponding the maximal required coverage level respectively. 
In order to boost the paging capacity, it was agreed in RAN1 that multiple narrowbands can be configured by eNB for paging. Generally, PO_Len would be tens of or hundreds of subframes for large coverage extension level. Even if multiple narrowband are configured for paging transmission, the total paging capacity of the MTC system is still limited. Furthermore, considering huge number of MTC UEs in the future, it is necessary to study how to increase the capacity of paging message for MTC system.
Proposal 1: The paging capacity needs to be further improved.
One way is to revisit the above agreement from RAN2 about the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion. More optimal repetition pattern of that Paging Occasion can be considered, for example, parts of the subframe in the time domain shall not be used for the repetition pattern of that Paging Occasion and reserved for paging transmission for MTC UEs in normal coverage. By the method, the paging capability for MTC UEs in normal coverage would be guaranteed by transmission in the reserved subframes. Note that MTC UEs in normal coverage would be the majority of the MTC UEs.
Another method is to contain multiple paging records for UEs requiring the same coverage extension level in the same PDSCH repeated for that coverage extension level and paging records for UEs requiring different coverage extension levels into different PDSCHs. Each PDSCH for one coverage extension level is scheduled by a corresponding M-PDCCH. By this method, the system efficiency and volume of paging message of the MTC system can be improved. However, the overhead is still huge due to multiple M-PDCCH transmission. 
Here we propose a paging transmission scheme for MTC UEs as illustrated in Figure 1 to further reduce the overhead. A single DCI is used to schedule multiple PDSCH carrying paging messages for UEs with different coverage extension levels. MCS indications for PDSCH carrying paging messages per coverage enhanced level can be included in the DCI. The M-PDCCH carrying the DCI is repeated according to the maximal coverage extension level to reach all UEs with different coverage levels. After decoding the M-PDCCH, MTC UEs shall blindly detect multiple PDSCH because they don’t know the repetition level used by the eNB for their paging transmissions.  By using this scheme, the M-PDCCH overhead is small and more PDSCHs carrying paging messages can be transmitted thus the paging capacity is improved. 
Therefore, we propose that one M-PDCCH scheduling multiple PDSCHs carrying paging messages for UEs requiring different coverage extension levels can be supported for Rel-13 MTC UEs.
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Figure 1 paging transmission scheme for MTC UEs
Proposal 2: One M-PDCCH scheduling multiple PDSCHs carrying paging messages for UEs requiring different coverage extension levels can be considered to be supported for Rel-13 MTC UEs.
During the discussion in RAN1#82 meeting, indication of system information update, ETWS, and CMAS in the DCI for paging scheduling was discussed. In our view, even if the bits to indicate the above messages are included in the DCI scheduling paging message, no power consumption saving can be expected because MTC UE still need to read the paging message to check whether there is paging for itself. So it makes no difference to carry the above indication bit in DCI instead of in the paging message. During RAN2#91 meeting, the following agreement has been reached:
RAN2 assumption, for RAN1 to confirm: It is possible to notify the IDLE UE of a system information update using the control channel (M-PDCCH) while avoid sending a paging record on the shared channel. 

For the scenario where there is no MTC UE that is needed to be paged but only the SI update indication is needed to be transmitted, the scheme proposed by RAN2 may be an optimized method to save the UE’s power consumption.  However, such a scenario would not be a typical scenario especially considering huge number of MTC UEs in the future. Therefore, design a dedicated DCI for such a rare scenario will not be worthwhile considering the effect on specification and the implementation for MTC UEs and the eNB. 
Proposal 3: Indication of system information update, ETWS, and CMAS in the DCI is not necessary.
3 Conclusions

In this contribution, we discuss the paging transmission for Rel-13 MTC UEs with the following proposal:

Proposal 1: The paging capacity needs to be further improved.
Proposal 2: One M-PDCCH scheduling multiple PDSCHs carrying paging messages for UEs requiring different coverage extension levels can be supported for Rel-13 MTC UEs.
Proposal 3: Indication of system information update, ETWS, and CMAS in the DCI is not necessary.
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