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1. Introduction
In RAN2#90 meeting, some agreements [1] about paging for Rel-13 low complexity UEs and/or UEs operating coverage enhancements (EC) were achieved. This document gives some further discussion on the remained issues for paging and also revisit agreement 2 based on the incoming LS from RAN4.
	Agreements
1
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

2
For paging, the M-PDCCH repetition pattern in both time and frequency domain is determined irrespective of the UEs coverage extension level.

3
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.

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

5
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.

6
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.

7
Repetitions pattern in both time and frequency should be determined and specified by RAN1.

8
As part of the ongoing work, RAN2 should consider limiting the shorter DRX cycles and supporting extended DRX in combination with enhanced coverage operation.


2. Discussion
2.1 The extension of parameter nB
During the last RAN2 meeting, the following agreement was reached:

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.
That means use more downlink subframes for paging repetition. A question for this method is whether there are sufficient downlink subframes for paging repetition between the two adjacent legacy PO. This question depends on two factors: the repetition numbers and the interval of the legacy paging occasions.
The interval of the legacy paging occasions are related to the paging density, i.e. the parameter nB in the paging occasion calculation formula of [1]. The smaller nB is, the larger the interval of the paging is, and the more subframes can be used to repeat paging.
According to the current value scope, the minimum value of nB can be set to T/32, which means that maximum interval of the two adjacent paging occasions could be as large as 32 radio frames. Paging message needs to be repeated completely during the 32 radio frames, otherwise, it will collide with other UE’ paging occasion, e.g. POn+1.  This problem can be illustrated as figure 2. If the length of paging repetition pattern is larger than 32 radio radio frames, the minimum value scope of nB needs to be extended to increase the interval of two PO. 
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Figure 2
Observation 1: The existing value of parameter nB may not be small enough to support the paging repitition during the two legacy POs.
Proposal 1: Extend the lower bound of parameter nB, the detailed extended value should based on the repetition pattern decided by RAN1.

2.2 How LC-UE receives paging
During the last RAN2 meeting, how a LC UE under EC operation receives paging was discussed, and the following agreement was reached.

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 behavior can be made once RAN4 have concluded whether a UE can make a reliable estimate of its current coverage level.
In the incoming LS [] from RAN4, RAN4 response whether it is possible to distinguish the EC level based on RSRP measurement.
· It is possible to reliably distinguish between non-coverage enhancement and coverage enhancement (e.g. NC and 15 dB EC) using RSRP based method at least for AWGN channels. 
· It is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels.
· The differences between distinguishable levels depend on RSRP measurement accuracy.
From the response, it can be concluded that UE cannot reliably distinguish the adjacent EC level, e.g. 5dB EC and 10dB EC. From UE point of view, it is difficult for UE to distinguish between the case that it fails to receive M-PDCCH and the case that there is no M-PDCCH at its paging occasion. UE will always receive data based on the current EC level and will not fall back to the higher EC level even though eNB will re-page with higher EC level. This will impact largely the paging successful reception if UE receives paging based only the current coverage level.
One safe and easy way is that UE always assumes paging is sent with the highest EC level and accumulate M-PDCCH from the start subframe till decodes M-PDCCH correctly or till the end subframe of the highest EC level paging repetition. It could be argued that this method will consume UE more power because UE will monitor M-PDCCH as the highest EC level. However, if we assume there is rarely void paging occasion due to the large amount paging repetition and UE will stop monitoring once it decodes M-PDCCH correctly. With this method, UE will not miss its paging message due to the inaccurate RSRP measurement.
Proposal 2: Revisit the agreement and consider the method: On paging occasion, UE accumulates M-PDCCH till decodes correctly or till the end subframe of the highest EC level paging repetition.

2.3 How normal UE capable of EC operation receives paging 

During the last RAN2 meeting, a possible method was proposed:
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
An understanding about the network expects UE in enhanced coverage or in normal coverage is that network identifies UE coverage as indicated in the last connection release. The UE coverage level will be informed to eNB in a paging container. A question for this method is that UE EC level could change and will not be informed to eNB. This could impact paging reception. For example, 
· Case 1: If network expects UE in EC coverage while UE is in normal coverage. Network will send M-PDCCH as EC operation, while UE will receive M-PDCCH as normal operation. UE fails to receive M-PDCCH.
· Case 2: If network expects UE in normal coverage while UE is in EC coverage. Network will send M-PDCCH as normal operation, while UE will receive M-PDCCH as EC operation. UE fails to receive M-PDCCH.
Observation 2: The misaligned knowledge of UE coverage between network and UEs results that UE fails to receive M-PDCCH channel. 
Actually, similar with the issue discussed in section 2.3, a safe and easy way is to mandate normal UE capable of EC operation to receive M-PDCCH as EC way. That means UE accumulates 
Proposal 3: Normal UE receives paging as the EC way in which UE accumulates M-PDCCH till decodes paging correctly or till the end subframe of the highest EC level paging repetition.
2.4 The subframe multiplexing for different UEs

Obviously, for UEs in the same coverage extension level, paging subframe multiplexing should be allowed for saving paging resource.
For UEs in different coverage extension level, the repetition number of the paging messages is different. If they are multiplexed in the same paging messages, there will be signaling waste for low coverage extension level UE. However, if eNB pages these UEs separately, more than one paging message will be sent, which also waste paging resource. It is difficult to judge which method is better from signaling overhead perspective. Therefore, it can be left to eNB implementation to determine whether to multiplex the different coverage extension level UEs’ paging into one paging message.

Proposal  4: The same coverage extension level UEs’ paging can be multiplexed into one paging message.
Proposal 5: It depends on eNB implementation to determine whether to multiplex the different coverage extension level UEs’ paging in one paging message. 
3. Conclusion
This contribution discusses paging for Rel-13 LC UE and summarized in the proposal below:
Observation 1: The existing value of parameter nB may not be small enough to support the paging repitition during the two legacy POs.
Observation 2: The misaligned knowledge of UE coverage between network and UEs results that UE fails to receive M-PDCCH channel. 
Proposal 1: Extend the lower bound of parameter nB, the detailed extended value should based on the repetition pattern decided by RAN1.

Proposal 2: Revisit the agreement and consider the method: On paging occasion, UE accumulates M-PDCCH till decodes correctly or till the end subframe of the highest EC level paging repetition.

 Proposal 3: Normal UE receives paging as the EC way in which UE accumulates M-PDCCH till decodes paging correctly or till the end subframe of the highest EC level paging repetition.
Proposal  4: The same coverage extension level UEs’ paging can be multiplexed into one paging message.
Proposal 5: It depends on eNB implementation to determine whether to multiplex the different coverage extension level UEs’ paging in one paging message. 
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