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1 Introduction

In RAN3 #99 meeting[1], the Enhanced Coverage Restricted and CE-mode-B Restricted IEs are introduced in PAGING message over S1 interface for R14 specifications, which are intended to be used for eNB to avoid useless MPDCCH repetitions for paging, e.g. eNB shall paging the Enhanced Coverage Restricted UE with normal coverage and shall paging the CE-mode-B Restricted UE with CE-mode-A. For these two kinds of UEs, less MPDCCH repetitions need to be received.
Observation 1:  eNB shall paging the Enhanced Coverage Restricted UE with normal coverage and shall paging the CE-mode-B Restricted UE with CE-mode-A.
Based on the current RRC specification [2], the MPDCCH repetition number for paging (mpdcch-NumRepetition-Paging) is set per cell, and based on the largest coverage that the cell supports. Thus, even the Enhanced Coverage Restricted UE and CE-mode-B Restricted UE will also monitor the CSS for paging based on the MPDCCH repetition number for paging (mpdcch-NumRepetition-Paging). In the worst case, if there has no paging for the Enhanced Coverage Restricted UE or the CE-mode-B Restricted UE in a certain PO, the UEs still need to monitor the MPDCCH with this largest value of mpdcch-NumRepetition-Paging, which will cause unnecessary  UE power consumption.
Observation 2:  Based on the current specification, the Enhanced Coverage Restricted UE and CE-mode-B Restricted UE should monitor the CSS for paging based on the MPDCCH repetition number for paging (mpdcch-NumRepetition-Paging) for the largest cell coverage, which will cause unnecessary UE power consumption.

In this paper, we will discuss this issue and potential solutions. 

2 Discussion

#issue1: Paging for Enhanced Coverage Restricted UE
Based on current specification:

· MME provide the Enhanced Coverage Restricted indication over EPS network feature support IE in ATTACH ACCEPT and /or TRACKING AREA UPDATE ACCEPT message to UE as follows[3]:
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Figure 9.9.3.12A.1: EPS network feature support information element




· MME provides Enhanced Coverage Restricted IE in PAGING message over S1 interface to eNB.

Thus, both eNB and UE can differentiate whether the UE is Enhanced Coverage Restricted or not during paging procedure. 

Observation 3:  Both eNB and UE can differentiate whether the UE is Enhanced Coverage Restricted or not during paging procedure. 
For Enhanced Coverage Restricted UE, since it can only camp a cell with normal coverage, if eNB could provide a MPDCCH repetition number for paging in normal coverage (e.g mpdcch-NumRepetition-Paging-NC) in SIB, the Enhanced Coverage Restricted UE can monitor the MPDCCH for paging based on this smaller value of mpdcch-NumRepetition-Paging-NC, which can reduce UE power consumption. If only the Enhanced Coverage Restricted UEs are paged by the eNB, the eNB also can transmit MPDCCH for paging with mpdcch-NumRepetition-Paging-NC which can reduce DL radio resource overhead.
Observation 4:  If eNB provides a MPDCCH repetition number for paging in normal coverage (e.g mpdcch-NumRepetition-Paging-NC) in SIB, the Enhanced Coverage Restricted UE can monitor the MPDCCH for paging with less repetition number of mpdcch-NumRepetition-Paging-NC, which can reduce the DL radio resource overhead and the UE power consumption.
Proposal 1: Introduce a MPDCCH repetition number for paging in normal coverage (e.g. mpdcch-NumRepetition-Paging-NC) in SIB, which is used as the maximum number of repetitions of MPDCCH common search space (CSS) for paging for the Enhanced Coverage Restricted UE.
Since Enhanced Coverage Restricted feature is also supported in NB-IoT, we think the above observation and proposal can be reused for R14/R15 NB-IoT. Then we have the following proposal for NB-IoT.
Proposal 1a: Introduce a NPDCCH repetition number for paging in normal coverage (e.g. npdcch-NumRepetition-Paging-NC) in SIB, which is used as the maximum number of repetitions of NPDCCH common search space (CSS) for paging for the Enhanced Coverage Restricted UE.
#issue2: Paging for CE-mode-B Restricted UEs
Based on current specification: 

· UE reports “UE's usage setting”( “voice centric” or “data centric”) information over Voice domain preference and UE's usage setting IE in ATTACH REQUEST and /or TRACKING AREA UPDATE REQUEST message to MME as follows[3][4]:
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Figure 10.5.151A/3GPP TS 24.008: Voice domain preference and UE's usage setting information

element

Table 10.5.166A/3GPP TS 24.008: Voice domain preference and UE's usage setting information

element

UE's usage sefting (1 bit field)

Bit

3

0 Voice centric
1 Data centric

Bit

CS Voice only
IMS PS Voice only

~~ocon
RPN

Voice domain preference for E-UTRAN (2 bit field)

MS not supporting IMS voice shallindicate "CS Voice only"
MS only supporting IMS voice shall indicate "IMS PS Voice only"

Voice domain preference and UE's usage setting value (octet 3, bit 1 0 3)

CS voice preferred, IMS PS Voice as secondary
IMS PS voice preferred, CS Voice as secondary





· MME based on “UE's usage setting” sets and stores the CE mode B restricted parameter[5]: If the UE supports CE mode B and UE's usage setting is set to "voice centric" in the Attach or TAU request message, then CE mode B is restricted. If the UE supports CE mode B and UE's usage setting is set to "data centric" in the Attach or TAU request message, then CE mode B is not restricted.

· MME provides CE-mode-B Restricted IE in PAGING message over S1 interface to eNB.

Thus, both eNB and UE can differentiate whether the UE is CE-mode-B Restricted or not during paging procedure. 

Observation 5:  Both eNB and UE can differentiate whether the UE is CE-mode-B Restricted or not during paging procedure. 
For CE-mode-B Restricted UE, since it can only camp in CE-mode-A, if eNB provides a MPDCCH repetition number for paging in CE-mode-A (mpdcch-NumRepetition-Paging-CeModeA) in SIB, UE can monitor the MPDCCH for paging based on this smaller value of mpdcch-NumRepetition-Paging-CeModeA, which can reduce the UE power consumption. If only the CE-mode-B Restricted UEs need to be paged by the eNB, the eNB also can transmit MPDCCH for paging with mpdcch-NumRepetition-Paging-CeModeA which can reduce DL radio resource overhead.
Observation 6:  If eNB provides a MPDCCH repetition number for paging in CE-mode-A (e.g mpdcch-NumRepetition-Paging-CeModeA) in SIB, the CE-mode-B Restricted UE can monitor the MPDCCH for paging with less repetition number of mpdcch-NumRepetition-Paging-CeModeA, which can reduce the DL radio resource overhead and the UE power consumption.
Proposal 2: Introduce MPDCCH repetition number for paging in CE mode A (e.g mpdcch-NumRepetition-Paging-CeModeA) in SIB, which is used as the maximum number of repetitions of MPDCCH common search space (CSS) for paging for the CE-mode-B Restricted UE.

Based on the above proposals, the related CRs are provide in [6][7] for eMTC and [8][9] for NB-IoT.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1:  eNB shall paging the Enhanced Coverage Restricted UE with normal coverage and shall paging the CE-mode-B Restricted UE with CE-mode-A.
Observation 2:  Based on the current specification, the Enhanced Coverage Restricted UE and CE-mode-B Restricted UE should monitor the CSS for paging based on the MPDCCH repetition number for paging (mpdcch-NumRepetition-Paging) for the largest cell coverage, which will cause unnecessary UE power consumption.
Observation 3:  Both eNB and UE can differentiate whether the UE is Enhanced Coverage Restricted or not during paging procedure.

Observation 4:  If eNB provides a MPDCCH repetition number for paging in normal coverage (e.g mpdcch-NumRepetition-Paging-NC) in SIB, the Enhanced Coverage Restricted UE can monitor the MPDCCH for paging with less repetition number of mpdcch-NumRepetition-Paging-NC, which can reduce the DL radio resource overhead and the UE power consumption.
Proposal 1: Introduce a MPDCCH repetition number for paging in normal coverage (e.g. mpdcch-NumRepetition-Paging-NC) in SIB, which is used as the maximum number of repetitions of MPDCCH common search space (CSS) for paging for the Enhanced Coverage Restricted UE.
Proposal 1a: Introduce a NPDCCH repetition number for paging in normal coverage (e.g. npdcch-NumRepetition-Paging-NC) in SIB, which is used as the maximum number of repetitions of NPDCCH common search space (CSS) for paging for the Enhanced Coverage Restricted UE.
Observation 5:  Both eNB and UE can differentiate whether the UE is CE-mode-B Restricted or not during paging procedure.
Observation 6:  If eNB provides a MPDCCH repetition number for paging in CE-mode-A (e.g mpdcch-NumRepetition-Paging-CeModeA) in SIB, the CE-mode-B Restricted UE can monitor the MPDCCH for paging with less repetition number of mpdcch-NumRepetition-Paging-CeModeA, which can reduce the DL radio resource overhead and the UE power consumption.
Proposal 2: Introduce MPDCCH repetition number for paging in CE mode A (e.g mpdcch-NumRepetition-Paging-CeModeA) in SIB, which is used as the maximum number of repetitions of MPDCCH common search space (CSS) for paging for the CE-mode-B Restricted UE.
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