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1. Introduction
In 3GPP RAN1 82 meeting, following agreements [1] about paging design for Rel-13 LC/CE UEs are obtained as
· 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

Further, some progress is also obtained for paging design in last RAN2 meeting [2] 

1
Both value tag and Notification/Paging mechanisms are supported for system information change for LC UEs and UEs in EC.

2
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. 

5
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. 

This paper discusses some technical analysis about paging designs for LC/CE UEs, and provides our proposals. 
2. Discussion
2.1  PO/PF definition

PO/PF is defined for paging message and also applied for the associated control channel, since control information and paging message are transmitted within the same subframe in the legacy system (i.e., same-subframe scheduling). However, the control channel and the associated data channel will be in the different subframes for LC/CE UEs for the reduced UE complexity. The starting point for data reception/decoding is at subframe n+k, wherein n is the ending subframe of associated control channel and k=1/>=2 depending on the same-narrowband or cross-narrowband scheduling. 

Currently, it’s unclear that the legacy defined PO/PF is for M-PDCCH or the associated PDSCH carrying the paging records. One option is PO/PF is for PDSCH carrying paging records, and the UE derives the starting point to detect M-PDCCH for paging based on the timing relationship between control and data. If associated M-PDCCH is transmitted with a highest CE level the cell can support, UEs can determine when to detect the associated M-PDCCH. It means UEs should be aware of the supported highest CE level. 

Another option is PO/PF is for M-PDCCH scheduling a paging message.  The PO/PF determination can be same as legacy, as a function of UE ID, but used for M-PDCCH decoding. Under this option, UE can detect a control channel from a same starting point, without considering the repetition number of the associated M-PDCCH for paging.  
Proposal #1:  PO/PF is defined for M-PDCCH.   
2.2 SI-paging design

In legacy systems, a paging message comprises a SI-paging and Call-paging. For LC UEs, legacy paging mechanism can’t be fully reused with lacking of legacy PDCCH support. Moreover, UEs have no idea of which SI will update after receiving system information change notification. To reduce power consumption, it’s preferred that UE can directly decode the updated SI message without blind decoding of all SI messages for checking updates.
Some design options are as follow

· Opt. 1: a bitmap indicates which SI updates

In this option, a bitmap with a length equal to SI number indicates which SI(s) updates. Based on RAN2 agreements, scheduling information of other SI message is given within SIB-1 (or SI-1), and SIB-1 TBS is indicated within MIB. The bitmap length can also be (SI number +1) to indicate whether MIB information update. To avoid the impact of missing rate, UEs may have to decode the valuetag in SBI-1 to confirm whether system information modifies, which may cause the additional power consumption for such improved reliability. In case UE missed the paging message during the period, it can read valueTag in SIB1 to check any SI change, which is same as legacy behavior.
· Opt.2:  valuetag within SI-paging indicates which SI updates

UEs cannot determine whether system information changes only based on a bitmap when some SI-paging is missed in Opt.1.  Several valuetags corresponding to different SI messages are carried within SI-Paging in Opt.2, and value change of a valuetag indicates the corresponding SI message update.  Compared to Opt.1, the payload size of SI-Paging is a little bit large.

Current system information validity with respect to the value tag is 3h, i.e. the UE can leave the cell for up to 3h and if the value tag remains the same, the UE do not need to re-read the system information. Considering the traffic type of MTC devices, UE may have one data transmission per day or per week. Then, the valuetag should cover a longer time. That is the valuetag should not wrap-around for 12 h or 24 h at least. 

       FIG. 1 shows some examples for format/payload of SI-paging. 
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FIG. 1 Examples of SI-paging format and payload

Based on above analysis, it’s proposed that

Proposal #2: It shall be possible to allow UEs to determine which system information change after receiving SI-paging.  
Proposal #3: The bitmap for indication of the individual SI change is supported to save UE power on acquisition of SI change. .  

2.3  SI-paging and Call-paging scheduling

In legacy system, SI change notification (SI update, ETWS, and/or CMAS) is transmitted with paging record if there is SI change in next modification period. Considering the traffic type and change periodicity of SI message for MTC UEs, the modification period may be quite large, and different designs are proposed for SI-paging and call-paging transmission under different UE states.  
· Idle UEs

· Option. 1: SI-paging is within DCI always.

It makes sense that SI-paging is transmitted within DCI always since it’s agreed that M-PDCCH for paging is transmitted with a highest CE level configured in the cell. Then, all Idle UEs with different CE levels can detect SI change notification, regardless of whether there is call-paging transmission.   

Under such design, DCI format is identical regardless of whether there is call-paging transmission carried by PDSCH. UEs only blindly decode one DCI size when monitoring paging message. 
The DCI carrying SI-Paging is reused for paging record scheduling, or is different from the DCI scheduling call-paging. 
· Option. 2: SI-paging is mapped to DCI or PDSCH optionally

This solution means that SI change notification is transmitted with paging records carried in PDSCH if there is a paging record for transmission. In case of SI change for notification but without any paging records, SI change notification can be included in DCI carried by M-PDCCH without the associated PDSCH transmission. 
Once there is any SI update required, the corresponding DCI or PDSCH should be transmitted with the max repetition level to cover all eMTC UEs. 
Compared to option 1, PDSCH carrying the paging record and SI change notification should be transmitted by a highest CE level to guarantee the idle UEs in the largest CE can receive SI change notification correctly, which may increase UE power consumption to acquire a change notification and worsen the resource utilization for the system. Moreover, if different paging records are transmitted separately based on UE’s CE level, the SI change notification should be repeatedly transmitted with different paging records in different PO/PF. It should be noticed that PO/PF configuration is independent of CE level so that the UEs with the same PO/PF occasions may have quite different CE levels.
Proposal #4: System information update notification can be transmitted within DCI to improve power consumption for LC/CE UEs in IDLE state and resource utilization.
Proposal #5: Confirm RAN2 assumption: 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. 
· Connected UEs

It’s not efficient for connected UEs to obtain system information update notification by decoding PDSCH carrying multiple paging records. Especially, the data packet transmission will introduce a larger number of repetitions in CE mode. 
According to 3GPP RAN2 agreements, it’s beneficial that update system information can be scheduled to UEs dedicatedly from the perspective of UE power consumption. Considering a semi-static change for SI message, the resource overhead for such unicast transmission can be negligible. 
Proposal #6: Consider to transmit updated system information to connected LC/CE UEs via the dedicated UE-specific signaling.

3. Conclusion
In this paper, we give some detail design for paging message for Rel-13 LC MTC UEs and UEs in CE mode. Based on the analysis, some proposals are drawn:

Proposal #1: RAN1 recommend RAN2 to clarify the definition of PO/PF, and it’s slightly preferred that PO/PF is for M-PDCCH for paging.   
Proposal #2: It shall be possible to allow UEs to determine which system information change after receiving SI-paging.  
Proposal #3: The bitmap for indication of the individual SI change is supported to save UE power on acquisition of SI change. 
Proposal #4: System information update notification can be transmitted within DCI to improve power consumption for LC/CE UEs in IDLE state.
Proposal #5: Confirm RAN2 assumption: 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. 
Proposal #6: Consider to transmit updated system information to connected LC/CE UEs via the dedicated UE-specific signaling.
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