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1. Introduction
The purpose of paging is:
-
to transmit paging information to a UE in RRC_IDLE and/ or;

-
to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change and/ or;

-
to inform about an ETWS primary notification and/ or ETWS secondary notification and/ or;

-
to inform about a CMAS notification.

The paging information is provided to upper layers, which in response may initiate RRC connection establishment, e.g. to receive an incoming call [1].

For MTC UEs in enhanced coverage mode, support of paging reception is still needed at least for the first two purposes. In general, time domain repetition is expected to be used to enhance the coverage of paging messages carried on PDSCH. In this contribution, we discuss some paging coverage improvement details.
2. Discussion
Currently, paging message is transmitted on PDSCH scheduled by PDCCH with CRC scrambled by P-RNTI. The UEs in RRC_IDLE determine the paging occasions according to the rules defined in TS36.304 [2]. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. The exact subframes where the UEs in RRC_CONNECTED shall monitor paging is not specified.
For MTC UEs in enhanced coverage mode, time domain repetition is expected to be used to enhance the coverage of paging messages carried on PDSCH. No matter whether paging message is scheduled by PDCCH, it is necessary to let UE know the starting subframe of the paging message. 
Observation 1: The UE in enhanced coverage mode needs to know the starting subframe of the paging message.

The most straightforward approach is to define the paging occasions derived according to the current rules to be the starting subframes of the paging messages. 
The paging occasions from network side for FDD when nB is 4T is illustrated in Figure 1. It can be seen that two paging messages may be transmitted in two consecutive subframes. It is obvious that the paging messages will overlap if paging message is repeated in time domain.
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Figure 1: Illustration of paging occasions for FDD when nB is 4T
If nB is smaller, the interval between two paging messages is longer while the paging capacity is smaller. Depending on the repetition number of paging messages, the paging messages may still overlap. For example, the paging occasions from network side for TDD when nB is T/2 is illustrated in Figure 2. The shortest interval between two paging messages is 20 subframes. The number of downlink subframes between the two paging messages varies along with UL-DL configurations. For example, for UL-DL configuration 2, there are 12 downlink subframes between the two paging messages. That is to say, if the repetition number of paging message is larger than 12, the two paging messages would overlap.
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Figure 2: Illustration of paging occasions for TDD when nB is T/2
Observation 2: When paging messages are repeated in time domain, the paging messages may overlap if the current paging occasion rules are used to determine the starting subframe of paging messages.

Whether paging for UEs in enhanced coverage mode is scheduled by PDCCH is still under discussion. Note that only one P-RNTI is specified currently. If it is still scheduled by PDCCH scrambled with P-RNTI, a lot of new paging RNTIs will be introduced considering the overlapping between paging messages. In addition, there is no enough CCS to schedule so many paging overlapping in time domain. Otherwise if it is not scheduled by PDCCH, i.e. the PDSCH resource for paging is pre-defined, PDSCH resources for different paging messages which overlap in time domain need to be separated in frequency domain. Both specification impact and eNB scheduling impact are large.
Therefore, to directly use the paging occasions derived according to the current rules as the starting subframe of paging message for UEs in enhanced coverage mode is not appropriate. Modification on the paging occasion determination rules or new rules need to be considered.

It is preferred that paging messages do not overlap in time domain when paging messages are repeated. Although the paging capacity is limited, it should be acceptable considering that only few UEs are in enhanced coverage mode in a cell. 
Proposal: Modification on paging occasion determination rules or new rules need to be considered to ensure the paging messages do not overlap in time domain when paging messages are repeated in multiple subframes.
3. Conclusion
In this contribution, we discuss paging coverage improvement. When paging is repeated in multiple subframes, it is not appropriate to directly use the paging occasions derived according to the current rules as the starting subframe of paging message. Therefore, modification on paging occasion determination rules or new rules need to be considered. Furthermore, it is preferred that paging messages do not overlap in time domain when paging messages are repeated in multiple subframes.
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Annex (Section 7 in TS36.304)
7
Paging

7.1
Discontinuous Reception for paging

The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message. One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.

PF and PO is determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.

The following Parameters are used for the calculation of the PF and i_s:

-
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. 

-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 1024.

IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".
7.2
Subframe Patterns

FDD:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


TDD (all UL/DL configurations):

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6
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