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1 Introduction

In RAN1 #82 meeting, the following agreement was concluded for paging transmission [1]:
Agreements:
· 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
Agreement:

· Working assumption: 

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

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

Further, in RAN2 #91 meeting, the following agreement was concluded for RAR transmission [2]:
Agreements

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. 

In this contribution, the following aspects related to paging transmission are discussed, and corresponding proposals are given:

· The DCI for paging transmission
· The transmission subframes and frequency resource of M-PDCCH for paging transmission 
2 New DCI for Paging transmission

2.1 Fields in new DCI for paging transmission

Similar to the analysis in our parallel contribution on DCI design for RAR scheduling [3], the DCI for paging scheduling should also include fields like:

· Frequency hopping indication

· Narrowband indication
· MCS/TBS indication

· Repetition number adjustment
For UEs in coverage enhancement, it may successfully decode both M-PDCCH and PDSCH (carrying paging) with great difficulty, but find there is no system information modification. Thus, it will significantly waste UE’s power to decode M-PDCCH and PDSCH. In order to save UE’s power on acquiring the indication of system information modification, it may be better to include the indication of system information modification (one bit) in DCI. Thus, for both RRC connected UEs and RRC idle UEs, it can quickly know whether the system information is modified via detecting M-PDCCH.

Similarly, in order to make an MTC UE quickly acquiring ETWS and CMAS information, the DCI can also include the indication of ETWS (one bit) and CMAS (one bit). Moreover, if there is no paging record in PDSCH, transmitting the indicators (for system information update, ETWS, and CMAS) in PDSCH will waste system resource and increase UE’s power consumption on PDSCH detection. 
Considering the small bit overhead for indicating system information modification, ETWS and CMAS, it has slight impact on the DCI content of paging transmission. Further, RAN2 assumed 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 1: Confirm RAN2 assumption (i.e., the indicators for system information update, ETWS, and CMAS are transmitted in M-PDCCH).
2.2 Example of new DCI for paging transmission

The table below provides an example based on the analysis in section 2.1. For narrowband indication, the number of bits can be dependent on the number of available narrowbands 
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 configured by eNB. Considering maximum 16 narrowbands (of 6PRB) within 20MHz system, the maximum bit number of narrowband indication should be 4. Further, as analyzed in [4], the bits of narrowband indication can be reduced if DCI indicates a narrowband offset.
Table 1: Fields of new DCI format for Paging scheduling

	Field
	Number of bits
	Maximum bit number

	Frequency hopping indication
	2
	2

	Narrowband indication
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	4

	MCS/TBS indication
	2
	2

	Repetition number adjustment
	2
	2

	System information modification
	1
	1

	ETWS
	1
	1

	CMAS
	1
	1


As seen from table 1, about 13 bits are needed for the new DCI of paging scheduling. To reduce UE’s complexity on detecting M-PDCCH for RAR and paging transmission, the same DCI size for paging and RAR scheduling is preferred. 
Proposal 2: The same DCI size for paging and RAR scheduling should be used.

3 Determining the frequency resource of M-PDCCH 
In RAN1 #82 meeting, the following agreements were concluded [1]:

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

· Note: the name may be revisited if there is issue identified 

· If CSS is necessary, 
· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes 
In view of the frequency hopping can be supported for paging transmission, the frequency resource of M-PDCCH for paging can be determined based on frequency hopping pattern.
The frequency hopping of M-PDCCH for paging transmission can be determined by UE ID and SFN, etc. The network can configure multiple narrowbands for M-PDCCH transmission, and UE will determine its narrowband based on its UE ID. The UE ID can be the same as used for paging in the current specification. 
A simple method for UE to determine its initial narrowband is to use modulo operation. For example, the initial M-PDCCH narrowband for an MTC UE is UE ID mod N, where N is the number of configured paging narrowbands for M-PDCCH transmission.
The narrowband location can be changed every YCH subframes, where YCH is the hopping granularity. For example, the narrowband of next YCH  subframes can be determined via mirror-based manner. Further, DRX cycle can also be used to determine narrowband location. Thus, the narrowband location of M-PDCCH can be varied in different PF and PO. The details of determining frequency hopping pattern can refer to our parallel contribution [5] .

Proposal 3: The M-PDCCH narrowband for an MTC UE paging transmission can be based on UE ID , YCH and DRX cycle.
4 Conclusions
In this contribution, on supporting efficient paging transmission for MTC UEs is discussed, and the following proposals are given:

Proposal 1: Confirm RAN2 assumption (i.e., the indicators for system information update, ETWS, and CMAS are transmitted in M-PDCCH).
Proposal 2: The same DCI size for paging and RAR scheduling should be used.

Proposal 3: The M-PDCCH narrowband for an MTC UE paging transmission can be based on UE ID , YCH and DRX cycle.
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