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1. Introduction

RAN1 has discussed Paging enhancements for Rel-13 low complexity UEs and UEs operating coverage enhancements (CE), and provided the conclusions agreed so far, to RAN2 [1].

· RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs

· RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels

· For paging, from RAN1 perspective, followings are beneficial
· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission
This paper will discuss the Paging enhancement to support Rel-13 MTC in RAN2 aspect. 
2. Discussion
In current specification, the UE may not monitor all radio frames and subframes to check its paging for power saving purpose. To do this, eNB sends the paging of the UE at pre-determined time location, i.e. Paging Frame (PF) and Paging Occasion (PO). PF is a radio frame including a subframe, PO where P-RNTI is transmitted on PDCCH addressing the paging message. 
Regarding Paging delivery in CE mode, the following issue can be discussed:

· P-RNTI will be transmitted on MTC EPDCCH? or EPDCCH-less Paging?
· Longer PF cycle, Modification Period and SFN
2.1
P-RNTI transmitted on MTC EPDCCH? or EPDCCH-less Paging?
Since Rel-13 MTC UE uses the reduced bandwidth (RBW) of 1.4 MHz, the MTC UE cannot read the legacy PDCCH. It means that the MTC UE cannot monitor P-RNTI transmitted on PDCCH. Accordingly, we need new method to inform the MTC UE of the arrival of its paging. 
One option is to deliver P-RNTI on MTC EPDCCH as shown in Fig 1 (a). Since the EPDCCH is transmitted over PDSCH region. It can be also utilized for MTC UE supporting RBW only. The MTC UE will receive repeated MTC EPDCCH, and then try to decode it. The starting point of the EPDCCH could be defined with the modified PF/PO. If the MTC EPDCCH successfully decoded includes P-RNTI, the MTC UE tries to obtain its paging message based on scheduling information addressed by the P-RNTI. Because the MTC UE has to receive both repeated EPDCCHs and paging messages, it would take quite long time until completing the reception on a Paging message.
Another option, in Fig 1 (b), is to always try to decode the paging message at every (modified) PF and PO without any control. Since the MTC EPDCCH is not required with the option, both time and power consumption spent until completing the paging reception can be reduced. The MTC UE has to decode PF and PO always without the identification of its paging message. However, compared to the first option, it is not a critical drawback because even with the first option, MTC UE tries to always check MTC EPDCCH as well.
Actually, this issue is so related to RAN1. Therefore, RAN2 can wait for RAN1 discussion.
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(a) P-RNTI transmitted on MTC EPDCCH
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(b) EPDCCH-less Paging
Fig 1
An example of Paging reception in Coverage Extensions
2.2
Longer PF cycle, DRX cycle and SFN
Even in Coverage Extension mode, power saving is still important. Therefore, the approach as in legacy PF and PO is still useful, i.e. the legacy UE monitors its paging only at pre-defined time for power saving purpose.
The PF concept can be still re-used as the starting point of MTC EPDCCH including P-RNTI (option 1) or paging message transmitted repeatedly (option 2). The following is the legacy equation used for PF calculation [1]:
SFN mod T= (T div N)*(UE_ID mod N)
For example, if the legacy equation is still used to support CE mode, it can be assumed that a paging message is transmitted repeatedly until next PF. In addition, the repetition number of paging would be provided explicitly or implicitly. Then a problem is that a PF happens every DRX cycle. Since the current DRX cycle is not long, i.e. at maximum, 2.56 sec, the repetitions within the range of current DRX cycle could be not sufficient to successfully decode a paging message. Accordingly, assuming longer DRX cycle and SFNs, the current PF equation can be modified as, e.g.
Extended SFN mod extended T = (extended T div N)*(UE_ID mod N)

On the other hand, SFN could need to be extended also for longer Modification Period. Paging for Rel-13 MTC would be also used to indicate SI update. In that case, the length of the current Modification Period could not be sufficient to cover the repetitions of paging message. If the Modification Period has to be extended beyond its maximum length, i.e. 10.24 sec, SFN should be also extended. If so, how to deliver the additional SFN bits is FFS.
Alternatively, the current PF/PO concept could not be used in Coverage Extension. Instead, new mechanism or equation would be probably required. 
We now have no strong preference. But, RAN2 can start discussing whether or not the legacy PF and PO concept can be modified for the coverage extension purpose. It is proposed that 
Proposal: the concept of the legacy PF and PO is considered as a baseline for the Paging enhancement.
3. Conclusion
It is proposed that
Proposal: the concept of the legacy PF and PO is considered as a baseline for the Paging enhancement.
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