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1 Introduction

During RAN1#79 meeting, RAN1 has discussed and made the following agreements on paging for Rel-13 low complexity UEs and/or UEs operating coverage enhancements (CE):
· Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs

· 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
RAN1 respectfully asks SA2/RAN2/RAN3 to take the above agreements into account and to provide feedback on agreement #3 [1]. In this contribution, considerations on Paging are discussed from SA2/RAN2/RAN3 perspective for Rel-13 low complexity UEs.
2 Paging Process
The common system parameters related to paging process are provided as follows:

PCCH-Config>>defaultPagingCycle: rf32, rf64, rf128, rf256.
PCCH-Config>>nB: 4T, 2T, T, T/2, T/4, T/8, T16, T/32.
The parameter “defaultPagingCycle” is used to indicate default paging cycle. The parameter “nB” is used as one of parameters to derive the Paging Frame and Paging Occasion according to [2]. 
Currently, RAN2 have not discussed the optimization of paging for Rel-13 low complexity UEs, especially ones in coverage enhancement mode. But the main principle should be to guarantee sufficient time interval for repetitions between two consecutive Paging Occasions. For Rel-13 low complexity UEs in coverage enhancement mode, by proper setting of “nB”, the time interval between two consecutive Paging Occasions is large enough to provide sufficient repetition opportunities for the paging transmission, e.g., when “nB” = T/32, then the minimum time interval between each two consecutive Paging Occasions will be 32 frames, which is sufficient to accumulate the energy and decode the paging message. Besides, in order to reduce power consumption, longer paging cycle may be introduced to avoid frequent waking up of Rel-13 low complexity UEs in coverage enhancement mode.

Observation1: The existing system parameters and PF/PO calculation method related to paging process may continue to be used for Rel-13 low complexity UEs, but further restriction on corresponding values may be considered for Rel-13 low complexity UEs in coverage enhancement mode.

For the configuration of “PCCH-Config” system parameter, the shared “PCCH-Config” parameter (Alt 1) or the separate “PCCH-Config” parameters (Alt 2) may be used for Rel-13 low complexity UEs in both normal and coverage enhancement mode. For Alt 1, due to the paging capacity limitation caused by the small “nB” value, the paging message for Rel-13 low complexity UEs in normal mode may be delayed, which may be unacceptable for UEs operating delay sensitive traffic. Due to the above reasons, Alt 2 is preferable. In the case, paging messages for Rel-13 low complexity UEs in both normal and coverage enhancement mode may be multiplexed by different frequency locations.
Proposal 1: When new SIB(s) is introduced, the shared or separate “PCCH-Config” parameters may be considered for Rel-13 low complexity UEs in both normal and coverage enhancement mode.
Similar to RAR messages [3], paging messages may always be transmitted in the maximum coverage enhancement level, or may be separated by coverage enhancement levels for Rel-13 low complexity UEs in coverage enhancement mode. Considering resource efficiency, separating paging messages by coverage enhancement levels will be preferable.
3 Paging in RRC-idle state
Compared with normal UEs, considering narrow band transmission feature of Rel-13 low complexity UEs, a paging request signaling from MME to eNB at least should to be extended to indicate that the target of paging request is a Rel-13 low complexity UE. However, indication of whether a Rel-13 low complexity UE to be with coverage enhancement capability needs to be further considered.
In RRC connected state, S-eNB can identify whether a Rel-13 low complexity UE to be paged currently to be in normal mode or in coverage enhancement mode by initial access procedure. However, in RRC idle state, considering that P-eNB storing the context of all paged UEs is impossible, and there is not any available uplink measurement/sounding signal from UEs, P-eNB will not be able to know whether a Rel-13 low complexity UE to be paged has coverage enhancement capability or not, and its current working mode (i.e., in normal mode or in coverage enhancement mode).
In this case, the following three alternatives may be considered:

Alt 1: A paging message is always transmitted in coverage enhancement mode for the purpose of reliability. Besides, a Rel-13 low complexity UE without coverage enhancement capability should also be able to receive one of multiple repetitions of paging message transmitted in coverage enhancement mode.
Alt 2: A paging message is always transmitted in normal mode and in coverage enhancement mode respectively, until P-eNB confirms that corresponding uplink data is received correctly.
Alt 3: In RRC connected state, MME receives and stores indication of coverage enhancement capability related to a Rel-13 low complexity UE from S-eNB. In RRC idle state, MME transmits indication of coverage enhancement capability related to a Rel-13 low complexity UE to be paged to P-eNB. If the above Rel-13 low complexity UE has coverage enhancement capability, corresponding paging message is always transmitted in coverage enhancement mode, or is always transmitted in history mode (transmitted to P-eNB by MME, together with indication of coverage enhancement capability) and in non-history mode respectively, until P-eNB confirms that corresponding uplink data is received correctly. Otherwise, corresponding paging message is always transmitted in normal mode.
Obviously, for Alt 1, the lower wireless resource efficiency will be caused, especially when a Rel-13 low complexity UE to be paged is in normal mode. For Alt 2, compared with Alt 1, unnecessary waste of wireless resource may somewhat be avoided for a Rel-13 low complexity UE in normal mode, but relative larger paging delay will be caused for a Rel-13 low complexity UE in coverage enhancement mode. For Alt 3, the balance between waste of wireless resource and paging delay may be achieved for Rel-13 low complexity UEs in both normal and coverage enhancement mode.
Proposal 2: An eNB pages a Rel-13 low complexity UE in RRC idle state based on indication of coverage enhancement capability related to the UE from MME.
4 Conclusions

In this contribution, considerations on Paging are discussed from SA2/RAN2/RAN3 perspective for Rel-13 low complexity UEs. We make the following observations and proposals:
Observation1: The existing system parameters and PF/PO calculation method related to paging process may continue to be used for Rel-13 low complexity UEs, but further restriction on corresponding values may be considered for Rel-13 low complexity UEs in coverage enhancement mode.

Proposal 1: When new SIB(s) is introduced, the shared or separate “PCCH-Config” parameters may be considered for Rel-13 low complexity UEs in both normal and coverage enhancement mode.
Proposal 2: An eNB pages a Rel-13 low complexity UE in RRC idle state based on indication of coverage enhancement capability related to the UE from MME.
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