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1 Introduction
RAN2 discussed the Paging transmission for Rel-13 low complexity UEs and UEs in enhanced coverage at RAN2#91, and the following agreements were made:

Agreements at RAN2#91:
· The number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE, for example based on information broadcast in system information

· For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.

· 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.

· A non-LC UE capable of EC operation and in normal coverage on a cell that does not supports EC (but may support Rel-13 LC UEs), monitors paging according to the legacy paging mechanism.

· Starting subframes of the Rel-13 LC and EC paging mechanism can be determined in the same way as the paging occasion in the legacy paging mechanism.

· Repetitions pattern in both time and frequency should be determined and specified by RAN1.

· As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.
FFS: Think more about….

· 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

Moreover, the following agreements on Paging for Rel-13 low complexity UEs and UEs in enhanced coverage were made at RAN1#82bis:

Agreements at RAN1#82:
· In each PO, an RRC idle UE monitors one DCI type

· The DCI include an indication (e.g. S_flag)

· An indication (e.g. S_flag) used in the DCI with P-RNTI for paging

· If S_flag=TRUE, the rest of DCI bits carries scheduling information of PDSCH for paging message

· If S_flag=FALSE, the rest of DCI bits carries system information update, ETWS, CMAS, and EAB without scheduling information of PDSCH

In this contribution, we will continue the discussion on remain open issues on Paging from RAN2 perspective.
2 Discussion
2.1 Paging frames and Paging occasions
In the legacy networks, paging frames and paging occasions are determined by using the formulae given in TS 36.304. For Rel-13 low complexity MTC, the paging location can be also calculated by the current principle. For UEs in coverage enhancement, repetitions of paging message should be delivered. The starting radio frame for the repetitions of M-PDCCH can be indicated by PF, and the starting sub-frame for the repetitions of M-PDCCH can be indicated by PO. In time sequence, the repetitions of paging messages are transmitted after the repetitions of M-PDCCH with P-RNTI.

The transmission of paging repetitions needs more subframe. We can re-use the legacy paging frame and paging occasion for paging transmission of LC/EC MTC. This method has no impact to current mechanism. Paging message can be derived by accumulating multiple paging cycles, which will lead a very long latency. Based on RAN1’s simulation evaluation, hundreds of repetitions are needed for paging transmission. Considering DRX cycle, the latency may be up to minutes for paging receiving. 

Thus, another alternative is to introduce extra subframes for paging repetitions for Rel-13 LC/EC MTC. Similarly, the calculation for the starting frame and subframe is based on the legacy formulae in TS 36.304. The paging messages are repeated between two paging occasions. 

The current interval time between two paging occasions may not be sufficient for repetition of M-PDCCH and paging messages, which will lead collision between the repetitions of different paging messages. For example, even when the parameter ‘nB’ in paging occasion calculation formula is set to the lowest value of T/32, the maximum separation between two paging occasion is only 32 frames which is still not enough for hundreds of repetitions. Thus, a longer separation between paging occasions may need to be defined. Based on the formulae given in TS 36.304, the minimum value range of ‘nB’ should be extended for LC/EC MTC, like T/64, T/128, or lower values. 

Proposal 1: The minimum value range of ‘nB’ given in TS 36.304 should be extended for LC/EC MTC, like T/64, T/128, or lower values, to support hundreds of repetitions. The exact value will be determined based on repetition number of PDCCH. 

2.2 Paging for non-LC UEs capable of EC operation
In RAN2#91 meeting, it is mentioned that the paging for non-LC UEs capable of EC operation should be FFS. In previous RAN2 agreement, 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). There is possibility that UEs and network have different coverage levels. UEs may fail to receive the paging message from network. With the assistance of the “paging attempt number” from MME to eNB, the eNB can increase the number of repetitions.
For non-LC UEs capable of enhanced coverage operation, it can operate in normal coverage or enhanced coverage mode. Since the time and frequency resource for paging in normal coverage and enhanced coverage are different, the non-LC UEs may fail to receive the paging message if the network is not aware the mode change for these UEs. The paging mechanism for this kind of UE in cells that supports EC has several solutions as follows:

One solution is that non-LC UEs capable of EC operation always perform paging reception in enhanced coverage mode in cells that support EC. The network pages the UE always using the EC paging resource. This solution has a very low efficiency. Even when non-LC UEs capable of EC operation is in the normal coverage, it has to perform paging reception using the CE paging resource.
The second solution is that non-LC UEs always report its current coverage status to network whenever the converge mode has changed. The MME could indicate to eNB the coverage mode of the UE. So that, the eNB will perform the legacy paging mechanism or mechanism for LC/EC MTC in normal coverage and enhanced coverage, respectively. This is a quite simple solution. However, this solution will increase the signaling overhead for the report of coverage change. In the previous discussion, it is also agreed that the UE does not inform the network when it changes the extended coverage level. 

The third solution will define different behaviors for non-LC UEs in different scenarios. 
If the non-LC UE is in the enhanced coverage, it always performs paging reception using the CE paging resource. At the network side, 
· 1) If the network considers the non-LC UE is in normal coverage (based on the last paging), the network will page the UE by using the normal paging resource. If the UE fails to receive the paging message, the network will page the non-UE using the LC/EC paging resource by increasing the repetition number. 
· 2) Otherwise, the network will page the non-LC UE by using the enhanced coverage paging resource directly. 
If the non-LC UE is in the normal coverage mode, whether the UE performs paging reception using the normal paging resource or CE paging resource depends on the previous coverage state of this UE. 
· If the non-LC UE is always staying in normal coverage since power on, it will performs paging reception using the normal paging resource. The network will page this UE in normal paging resource. 
· If the coverage level of non-LC UE is changed from enhanced coverage and the UE already notified the network that it is in normal coverage, such as periodic TAU or UL/DL data transmission, it will performs paging reception using the normal paging resource. The network will page this UE in normal paging resource.
· If the coverage level of non-LC UE is changed from enhanced coverage but UE doesn’t yet notify the network that it is in normal coverage. The UE will perform paging reception using the CE paging resource. The network will page this UE in enhanced coverage paging resource, since it doesn’t know that the UE has changed the coverage mode. In this case, it means that the UE should store the last coverage state to determine whether it has changed the coverage.
Based on the above analysis, we prefer the third solution. Thus, the paging for non-LC UEs capable of EC operation can be defined as the following proposal. 
Proposal 2:
1) If non-LC UE capable of EC operation is in enhanced coverage:

The UE performs paging reception using the CE paging resource.

2) If non-LC UE capable of EC operation is in normal coverage:

a. If the UE is always staying in normal coverage since power on, or if the coverage level of UE is changed from enhanced coverage and the UE already notified the network that it is in normal coverage (by periodic TAU or UL data transmission/DL data reception):

The UE performs paging reception using the normal paging resource.

b. If the coverage level of UE is changed from enhanced coverage but UE doesn’t yet notify the network that it is in normal coverage (by periodic TAU or UL data transmission/DL data reception): 

The UE performs paging reception using the CE paging resource.

3 Conclusion

In this contribution, we discussed remain open issues on MTC Paging transmission, and we have the following proposals: 
Proposal 1: The minimum value range of ‘nB’ given in TS 36.304 should be extended for LC/EC MTC, like T/64, T/128, or lower values, to support hundreds of repetitions. The exact value will be determined based on repetition number of PDCCH. 

Proposal 2:
1) If non-LC UE capable of EC operation is in enhanced coverage:

The UE performs paging reception using the CE paging resource.

2) If non-LC UE capable of EC operation is in normal coverage:

a. If the UE is always staying in normal coverage since power on, or if the coverage level of UE is changed from enhanced coverage and the UE already notified the network that it is in normal coverage (by periodic TAU or UL data transmission/DL data reception):

The UE performs paging reception using the normal paging resource.

b. If the coverage level of UE is changed from enhanced coverage but UE doesn’t yet notify the network that it is in normal coverage (by periodic TAU or UL data transmission/DL data reception): 

The UE performs paging reception using the CE paging resource.
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