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1 Introduction
The following agreements on Rel-13 eMTC paging have been made in the last RAN1 and RAN2 meeting:
RAN1#82:

· Working assumption: M-PDCCH common search space (CSS) is necessary at least for paging and RAR
· 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

RAN2 #91:

· 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.
· The UE is not required to detect SIB change while being in RRC CONNECTED. The NW may release the UE to IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling. 

· 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.

· 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
In this contribution, we further discuss the remaining issues regarding paging for Rel-13 eMTC UEs.
2 Paging for IDLE Rel-13 eMTC UEs
This section discusses the paging for Rel-13 eMTC UEs in RRC_IDLE. 

The M-PDCCH CSS monitored by an idle Rel-13 eMTC UE for DCI scheduling paging message is named as the “Paging M-PDCCH CSS” in this contribution. The UE at least needs to know the following parameters regarding the paging M-PDCCH CSS:
· Starting subframe for the paging M-PDCCH CSS
· The narrow band index for the paging M-PDCCH CSS
· The set of PRBs within the narrow band for the paging M-PDCCH CSS
· A set of M-PDCCH candidates for the paging M-PDCCH CSS, each defined by a pair of (L, R)
· The transmission type (localized vs. distributed) for the paging M-PDCCH CSS
· The DMRS scrambling sequence ID for the paging M-PDCCH CSS
While it is possible to include the above parameters in SIB1bis, it deserves careful study on whether these parameters can be fixed by specification, which reduces the SIB1bis overhead. For instance:

· RAN2 has agreed that the starting subframe for the paging M-PDCCH CSS is determined in the same way as the legacy paging occasion. Therefore, there is no need to include this parameter in SIB1bis.
· RAN1 has agreed that the eNB can configure one or more narrow bands for paging. Hence, the set of narrow bands for paging shall be indicated in SIB1bis.
· For large repetition, it is natural that the set of PRBs within the narrow band for the paging M-PDCCH CSS is 6, which allows the eNB to complete the transmission with fewer repetition. For no or small repetition, the set of PRBs within the narrow band can be smaller than 6, which allows better resource utilization; furthermore, different UEs can monitor different sets of PRBs in the same narrow band such that the more UEs can be paged in the same paging occasion.   

· A set of M-PDCCH candidates can be fixed in specification for the paging M-PDCCH CSS. It is possible that the paging M-PDCCH CSS can contain different sets of M-PDCCH candidates depending on the maximum coverage enhancement level the cell supports. In other words, the different sets of M-PDCCH candidates can be pre-defined in the specification and the eMTC UEs implicitly obtains the set of M-PDCCH candidates for the paging M-PDCCH CSS based on the maximum coverage enhancement level supported in the cell. For large coverage enhancement, the M-PDCCH candidates shall mainly include L=24 with different repetition number R, which means the eMTC UEs may not need to search for many M-PDCCH with L<24 and R=1.On the other hand, for no or small repetition, the eMTC UEs may spend most of its M-PDCCH blind decoding capability searching for L<24 with no or small repetitions. This helps limiting the number of M-PDCCH blinding decodings that the eMTC UE need perform.  
· The transmission type for the paging M-PDCCH CSS can be fixed to “distributed”, due to the fact that the eNB may not know the UE mobility status during the RACH procedure.
· The DMRS scrambling sequence ID for the paging M-PDCCH CSS can be fixed to the PCID, since SDMA for the M-PDCCH CSS is anyway unlikely to be employed.
Proposal 1: The set of PRBs in a narrow band for the paging M-PDCCH CSS shall be signaled in SIB1bis. 
Proposal 2: Multiple set of M-PDCCH candidates can be pre-defined in the specification for the paging M-PDCCH CSS. A Rel-13 eMTC UEs determines the set of M-PDCCH candidates for the paging M-PDCCH CSS based on the maximum coverage enhancement level supported in the cell.

Proposal 3: The transmission type for the paging M-PDCCH CSS is fixed to “distributed” and the DMRS scrambling sequence ID is fixed to the PCID.
RAN2 has agreed that from RAN2 point of view, it is possible to transmit the system information update indication in the DCI scheduling the paging message, rather than include the indication in the paging message as done in the legacy system. However, this is left for RAN1 to confirm. 

For RRC_IDLE UEs, even if the system information update, ETWS and CMAS are included in the DCI scheduling the paging message, the RRC_IDLE UE still needs to receive the PDSCH containing the paging message, since the RRC_IDLE UE needs to determined if there is paging record for itself. Therefore, moving the system information update, ETWS and CMAS into the DCI scheduling the paging message cannot save the IDLE UE power consumption, if there is at least one paging record in the paging message. UE power consumption is achievable when the IDLE UEs know that there is no paging record in the paging message and the whole purpose of the paging is to inform system information update, ETWS and CMAS. Hence there shall be a mechanism to tell the UE whether there are paging recorded in the paging message. 
Proposal 4: If the indications of system information update, ETWS and CMAS are moved to the DCI scheduling the paging message, the UE shall be informed whether there is paging record in the paging message, e.g. explicitly or implicitly by the DCI contents. 
3 Paging for CONNECTED Rel-13 eMTC UEs
For RRC_CONNECTED UEs, the purpose of paging is only to inform system information update, ETWS notification and CMAS notification. Assuming the RRC_CONNECTED UE is configured to monitor a UE specific M-PDCCH SS in a different narrow band from the paging M-PDCCH CSS, the eMTC UE cannot monitor the UE specific M-PDCCH SS in the every paging occasion due to the reduced bandwidth. For large repetition, if the paging occasion appears frequently, the CONNECTED　eMTC UE may spend a significant portion of its time to monitor the paging M-PDCCH CSS, instead of the UE specific M-PDCCH SS. This consequently impacts the UE’s DL/UL unicast data transfer. At least the following options can be considered:

· Option 1: If the UE behavior is to prioritize monitoring the paging M-PDCCH CSS when colliding with UE specific M-PDCCH SS in time, the specification shall allow setting the paging occasion very infrequently. 

· Option 2: If the UE behavior is to prioritize monitoring the UE specific M-PDCCH SS when colliding with the paging M-PDCCH CSS, the DCI transmitted in the UE specific M-PDCCH SS in the paging occasion shall include system information update, ETWS notification and CMAS notification.
Among the above two options, option 2 is slightly preferred due to its less impact on unicast data transfer for the CONNECTED Rel-13 eMTC UEs.
Proposal 5: For an RRC_CONNECTED Rel-13 eMTC UE, if the UE specific M-PDCCH SS and the paging M-PDCCH CSS collide in a paging occasion, the UE monitors the UE specific M-PDCCH SS. The DCI in the UE specific M-PDCCH SS in a paging occasion shall include system information update, ETWS notification and CMAS notification.
4 Conclusions
In this contribution, we discuss further on the paging for Rel-13 eMTC UEs in RRC_IDLE and RRC_CONNECTED. The following proposals are made:
Proposal 1: The set of PRBs in a narrow band for the paging M-PDCCH CSS shall be signaled in SIB1bis. 

Proposal 2: Multiple set of M-PDCCH candidates can be pre-defined in the specification for the paging M-PDCCH CSS. A Rel-13 eMTC UEs determines the set of M-PDCCH candidates for the paging M-PDCCH CSS based on the maximum coverage enhancement level supported in the cell.

Proposal 3: The transmission type for the paging M-PDCCH CSS is fixed to “distributed” and the DMRS scrambling sequence ID is fixed to the PCID.
Proposal 4: If the indications of system information update, ETWS and CMAS are moved to the DCI scheduling the paging message, the UE shall be informed whether there is paging record in the paging message, e.g. explicitly or implicitly by the DCI contents. 
Proposal 5: For an RRC_CONNECTED Rel-13 eMTC UE, if the UE specific M-PDCCH SS and the paging M-PDCCH CSS collide in a paging occasion, the UE monitors the UE specific M-PDCCH SS. The DCI in the UE specific M-PDCCH SS in a paging occasion shall include system information update, ETWS notification and CMAS notification.
