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1
Introduction
In RAN1 #82, the following has been agreed for paging transmission for MTC UE [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

In this contribution, further details on paging for normal and enhanced coverage for MTC UEs will be discussed.

2
Remaining Issues
M-PDCCH and PDSCH
The frequency domain multiplexing of the paging occasion has been agreed for low-cost UE for higher paging capacity since the number of paging record(s) within one narrowband is significantly limited. Therefore, it has been agreed that a UE-ID (i.e. IMSI) determines paging occasion (PO) in time and frequency. Since a UE monitors M-PDCCH in each PO and the PO is not dependent on the coverage enhancement level, the search space of the M-PDCCH should include all CE levels. Furthermore, an eNB may change CE level for a UE without indication and paging record(s) for the UEs with different CE levels can be multiplexed, a UE needs to monitor all M-PDCCH candidates in the search space.
Proposal-1: M-PDCCH search space for paging should include all CE levels configured and a UE needs to monitor all candidates within the search space.

Although the narrowband for M-PDCCH search space may be determined based on UE-ID, the subband for the PDSCH carrying paging record(s) should be indicated from the associated DCI so that scheduling flexibility of paging record(s) within a PO can be kept as much as possible. Also, the number of repetitions for the PDSCH should be indicated from the associated DCI in order for an eNB to control the CE level dynamically when the eNB fails to page a UE with a certain CE level.  

Proposal-2: the frequency location and repetition number of the associated PDSCH is indicated from the DCI.
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Figure 1. An example of narrowband (i.e. subband) determination for M-PDCCH and its associated PDSCH.

DCI contents
Given that a single paging record size may vary within the range of 25 to 61 bits [2], the compact DCI size smaller than 61 bits will provide benefit of reducing the required number of repetitions.
As discussed, multiple narrowbands can be used for paging transmission for better scheduling flexibility and lower blocking probability. However, the number of narrowbands used for PDSCH scheduling can be limited to 2 or 4 as it can provide enough flexibility already and the subset of subbands may be configured via a broadcast channel (e.g. MTC-SIB-x). In addition, the number of repetitions may be indicated with 2 bits which may indicate CE levels (e.g. CE level-0/1/2/3) and the required number of repetitions for each CE level could be configured in the broadcast channel.
Proposal-3: a preconfigured subset of narrowbands is used for the PDSCH.
Proposal-4: the narrowband index for the PDSCH is indicated from the associated DCI.
Proposal-5: the CE level for the PDSCH is indicated from the associated DCI.
On the TBS, the maximum TBS for paging can be limited to support up to 4 paging records (i.e. 61 x 4 = 244) since a larger TBS may not be used with 6PRB based PDSCH transmission due to the coverage limitation.
Proposal-6: the maximum TBS used for paging record(s) is smaller than 1000bits

As an example, the following table 1 lists the DCI contents for paging record(s) scheduling based on the proposals made above. From the table, the total DCI size without CRC could be around 7-9 bits which is much smaller than 61 bits. Even with 16-bit CRC which can be further reduced to 8, the compact DCI size is 1/3 of a single paging record. 
Table 1. an example of DCI contents for paging scheduling.
	Contents
	# of bits

	A narrowband index 

(i.e. frequency location of the associated PDSCH)
	1 or 2

	TBS

(e.g., {32, 40, 56, 72, …, 244} 
	4

	Number of repetitions for the associated PDSCH
	2

	Note:

· A narrowband is defined as a contiguous 6 PRBs

· PDSCH carrying paging message is always allocated with 6 PRBs

· Up to 4 paging messages assuming each paging record size is 61, otherwise more than 4 paging message can be multiplexed in a single TB

· Modulation order is fixed to QPSK

· System information update indication, ETWS, and CMAS could be transmitted in a separate DCI

· 4 CE levels including normal coverage can be indicated


System Information Update

The following agreements have been made in the previous RAN2 meeting, which related to the system information update using paging:
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. 

3
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. 

The system information update using M-PDCCH (i.e. a DCI includes the system information update indication bit) can avoid network capacity loss due to the additional transmission of PDSCH. Note that the resource waste gets more significant as the coverage enhance level goes higher and a network should assume a highest CE level for all system information update transmission. In addition, a UE battery consumption can be reduced as the system information update reception time can be reduced. As similar to the system information update, ETWS and CMAS can be transmitted in M-PDCCH in case that low cost UE needs to monitor those information.
Proposal-7: confirm RAN2 agreement that a system information update is indicated in M-PDCCH. 
3
Conclusion
In this contribution, we discussed on the remaining issues on paging for MTC UE. From the discussions, we propose followings:
Proposal-1: M-PDCCH search space for paging should include all CE levels configured and a UE needs to monitor all candidates within the search space.

Proposal-2: the frequency location and repetition number of the associated PDSCH is indicated from the DCI.
Proposal-3: a preconfigured subset of narrowbands is used for the PDSCH.
Proposal-4: the narrowband index for the PDSCH is indicated from the associated DCI.
Proposal-5: the CE level for the PDSCH is indicated from the associated DCI.
Proposal-6: the maximum TBS used for paging record(s) is smaller than 1000bits.
Proposal-7: confirm RAN2 agreement that a system information update is indicated in M-PDCCH. 
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