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1. Introduction
This paper discusses some technical analysis about paging designs for LC/CE UEs. 
2. Discussion
Considering that paging function consists of SI change indication (SI-paging) and call setup paging (Call-paging), it is reasonable to separate SI updates indication paging and call setup paging. Paging for SI updates indication is targeting all eMTC UEs which may require the maximum repetitions to reach the eMTC UEs in the worst coverage. However,   call setup paging is targeting to a specific UE or a group of UEs with the similar coverage level. So the call setup paging transmission can be optimized according to the coverage level, i.e., unicast/multicast transmission based on the coverage (or repetition) level. 

Proposal 1: Separate SI-paging and Call-paging for efficient resource utilization and power consumption reduction.  
2.1   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 due to lacking of support for the legacy PDCCH across the system bandwidth. Moreover, UEs have no idea of which one of SIs will be updated 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.
· 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: Consider a larger value range of a valuetag for system information update notification in case of LC MTC device application.  

2.2  SI-paging and Call-paging scheduling
As discussed above, it will be benefit to separate SI-paging and Call-paging.  Then, the different  designs are proposed considering different UE states
· Idle UEs

Alt. 1: SI-paging and Call-paging are separately scheduled by MPDCCH at different POs

Under this alternative, SI-paging is transmitted by a SI-paging-DCI to verify whether system information modifies. It means SI-paging and Call-paging may be transmitted at different POs for idle UEs. Both connected UEs and idle UEs will detect SI-paging to verify system information update. 
Alt. 2: SI-paging and Call-paging are scheduled together by PDCCH.

             In this design option, SI-paging can be always transmitted within DCI or within PDSCH optionally.

· Alt. 2-1: SI-paging is within DCI always.

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. 
If SI updates will occur in the next modification period, such DCI transmission should be repeated with the max repetitions to cover all eMTC UEs. Otherwise, such DCI transmission can be optimized with call-paging for a specific UE or UE group with the similar coverage level
· Alt. 2-2: SI-paging is mapped to DCI or PDSCH optionally

This solution means SI-paging is transmitted with Call-paging by PDSCH if there is Call-paging transmission, and SI-paging is mapped to a dedicated DCI, such as the SI-paging-DCI in Alt.1, when there is no Call-paging 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.
Obviously, DCI formats and sizes are different under such design for different scenarios. Then, UEs should blindly decode two different DCI sizes since UEs have no idea whether there is call-paging. The blind decoding complexity is larger than that of Alt.2-1. 
· 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. 

There are several possibilities how to handle system information change
· Monitoring the dedicated DCI for SI-paging without decoding PDSCH

Actually, such design is of same principle as Alt. 1 for idle UEs

· UE-specific scheduling of updated system information

Updated IEs within corresponding SI messages are transmitted to the connected UEs specifically by eNB scheduling. Under such option, the connected UEs won’t switch to monitor SI-paging in a different narrow band when there is a UE-specific data transmission. That means this solution can solve simultaneous reception issue for MTC UEs without impact on data rate. 
Then, proposals are drawn for paging message designs
Proposal 4: System information update notification can be transmitted within DCI to improve power consumption.

Proposal 5: Consider to transmit updated system information to connected LC/CE UEs via the dedicated signaling.

Proposal 6: Recommend RAN1/RAN2 to study the possibility of scheduling SI-paging and Call-paging at different time positions by different DCI formats. 

3. Conclusion
In this paper, we gives 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: Separate SI-paging and Call-paging for efficient resource utilization and power consumption reduction.  
Proposal 2: It shall be possible to allow UEs to determine which system information change after receiving SI-paging.  
Proposal 3: Consider a larger value range of a valuetag for system information update notification in case of LC MTC device application.  

Proposal 4: System information update notification can be transmitted within DCI to improve power consumption.

Proposal 5: Consider to transmit updated system information to connected LC/CE UEs via the dedicated signaling.

Proposal 6: Recommend RAN1/RAN2 to study the possibility of scheduling SI-paging and Call-paging at different time positions by different DCI formats. 
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