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1 Introduction
At the RAN#60 meeting, a new WI “Low cost & enhanced coverage MTC UE for LTE” was approved [1]. One of the objectives is to provide a relative LTE coverage improvement (i.e. 15dB for FDD) for the low cost MTC UEs and other UEs operating delay tolerant applications.
In this contribution, we will discuss how to provide coverage enhancement to the paging message.
2 Discussion
2.1 Paging repetitions for UEs in Enhanced Coverage Mode
In the current specification, one Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message, as shown in Figure1.  
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Figure 1: Paging Occasion for UEs not in Enhanced Coverage Mode
As per TR 36.888, in order to compensate the 20dB coverage loss, PDSCH transmissions need to repeat 100~200 times in time domain for FDD. For the 15dB coverage loss, we can scale down the repetition number accordingly, which is about 31~63 for FDD. However, evaluation in TR 36.888 is based on the assumption that the TBS is 152bits. For paging message, the repetition number will increase since the TBS might be larger, e.g. about 676bits assuming there are16 paging records within the paging message and the corresponding UE ID is S-TMSI. This means, for UEs in Enhanced Coverage Mode, one PO will span multiple frames and subframes, as shown in Figure2. The paging message may or may not be scheduled by PDCCH scrambled by P-RNTI, which is subject to RAN1 discussion. 
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Figure 2: Paging Occasion for UEs in Enhanced Coverage Mode
For UEs in Enhanced Coverage Mode, it is clearly that different Paging Occasions shouldn’t overlap or partially overlap each other.

Currently, Paging Frame and Paging Occasion are determined by the following formula using the PCCH 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
Where:

-
T: DRX cycle of the UE. 

-
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.

For UEs in Enhanced Coverage Mode, assuming nB= T/32, then the space between each two Paging Occasions will be 32 frames. Even if only 4 subframes (i.e. subframe #0, #4, #5 and #9) per frame could be used to convey the paging messages as today, 32 frames could provide 128 repetition opportunities, which should be sufficient for UEs in Enhanced Coverage Mode to accumulate the energy and decode the paging message. 
Observation 1: By proper setting of nB, the space between two consecutive Paging Occasions is large enough to provide sufficient repetition opportunities for the paging transmission.
With nB= T/32, people might have concerns on the paging capacity, since there is only one paging occasion every 320ms and one paging message could only accommodate 16 paging records at the most. This might not be a significant issue, because generally UEs in Enhanced Coverage Mode will operate delay tolerant applications, in case the eNB reaches its paging capacity limit, the paging for some UEs could be postponed to the next paging occasion to alleviate the paging congestion. On the other hand, if subframes other than subframe #0, #4, #5 and #9 could also be used to convey the paging message, a larger nB e.g. T/16 could be configured, consequently more paging occasions could be provided.
There might have concerns on the UE power consumption for the paging reception in Enhanced Coverage Mode, given that UE has to accumulate the energy over a number of repetitions. The UE power consumption issue could be alleviated by the configuration of a larger paging cycle (e.g. 2.56s) or by the implementation of “Power Saving State”.
Proposal 1: Reuse the existing PF and PO calculation method for UEs in Enhanced Coverage Mode.
2.2 Separate paging message to address UEs in Enhanced Coverage Mode
As analyzed in section 2.1, in order to provide sufficient repetition opportunities for the paging transmission for UEs in Enhanced Coverage Mode, a small nB will be configured, e.g. T/32. If paging records for UEs not in Enhanced Coverage Mode and paging records for UEs in Enhanced Coverage Mode are multiplexed in the same paging message, due to the paging capacity limitation caused by the small nB, the paging message for UEs not in Enhanced Coverage Mode might be delayed, which might be unacceptable for UEs operating voice traffic. 
In order to compensate the coverage loss, paging transmission need to repeat several times in time domain. If paging records for UEs not in Enhanced Coverage Mode and paging records for UEs in Enhanced Coverage Mode are multiplexed in the same paging message, the paging records for UEs not in Enhanced Coverage Mode will be unnecessarily repeated which is not efficient from radio resource perspective.
Due to the above reasons, it is better to introduce a separate paging message to address UEs in Enhanced Coverage Mode. The new paging message could almost reuse the content of the existing paging message.
Proposal 2: Introduce a separate paging message to address UEs in Enhanced Coverage Mode.
3 Conclusion
In this contribution, we discussed how to provide coverage enhancement to paging message.
We first discussed how to perform paging repetitions for UEs in Enhanced Coverage Mode, and we have the following observation:

Observation 1: By proper setting of nB, the space between two consecutive Paging Occasions is large enough to provide sufficient repetition opportunities for the paging transmission.

And we proposed:

Proposal 1: Reuse the existing PF and PO calculation method for UEs in Enhanced Coverage Mode.

We then analyzed the potential issues if paging records for UEs not in Enhanced Coverage Mode and paging records for UEs in Enhanced Coverage Mode are multiplexed in the same paging message, and we proposed:

Proposal 2: Introduce a separate paging message to address UEs in Enhanced Coverage Mode.

RAN2 is respectfully asked to discuss and agree on the above proposals.
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