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1 Introduction
In RAN#69 meeting, a New WI Proposal “Narrow-band IoT” (NB-IoT) [1] was approved.
The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture.
NB-Iot has much narrower bandwidth, larger number of devices, and much longer sleep cycle. The paging mechanism for NB-IoT requires further study. In this contribution, we analyze the potential impacts on paging mechanism for NB-IoT.

2 Discussion
2.1 Transportation of paging messages
2.1.1 Paging message size

When the bandwidth is restricted to 200MHz, assume other physical layer configurations (sub-carrier spacing, etc) are inherited from LTE. A PRB can carry only around 240 coded bits (2 bits/RE * 120REs/PRB) when using QPSK modulation. With code rate of 1/10, ~24 payload bits can be carried. Meanwhile, the paging message size can be either 25~61 bits (If ue-Identify contains IMSI) or 41 bits (If ue-Identify contains S-TMSI). In both cases, a paging message, even containing only one paging identify, cannot be carried by a single PRB. Thus, subframe bundling or similar mechanism is needed to create a large enough PDSCH to carry paging message. 
Proposal 1:
Subframe bundling or similar mechanism is needed in NB-IoT to create PDSCH large enough to carry a paging message.
Moreover, due to the limited PDSCH size in such a narrow-band system, multiplexing to many paging identities (say, up to 16 in current LTE) in a single paging message seems not feasible for NB-IoT.
Proposal 2:
The maximum allowed number of paging identities transmitted in each paging message shall be reduced for NB-IoT.
2.1.2 UE wakeup timing
Although the detailed frame structure for NB-IoT is under RAN1 discussion and may be different from current LTE, RAN2 may discuss how the UE know when to wake up. Similar to the eDRX discussion, there are two alternatives.
Alt 1 Frame indexing approach: Frame index (e.g. SFN) is broadcasted by eNB and UE wakes up at specific frames determined by given formula. 
1a. single-level indexing: The frame structure has only one level.
1b. multi-level indexing (e.g., similar to H-SFN in eDRX): the frame structure consists of two or more levels. The frame indexes of different levels can be broadcasted with different intervals, and signalling overhead can be reduced.
Alt 2 Timer-based approaches: A timer is started every time a UE goes to sleep, and the UE wakes up when the timer expires.
We prefer multi-level indexing (Alt 1b) since it requires least change of current UE behaviours. The details (e.g. index range, broadcast intervals, etc) are FFS. Also notice that the maximum paging cycle for NB-IoT devices shall not exceed the agreed frame index range.
Proposal 3:
RAN2 to adopt multi-level frame indexing for UE to determine the time to wake up. Indexes of different levels can be broadcasted with different intervals.
Similar to eDRX, when frame indexing approach is adopted with a very long sleep cycle, it is better to maintain loose synchronization between eNBs. In this way, a UE can avoid missing paging without having to wake up frequently. 
Proposal 4:
Loose synchronization between eNBs shall be maintained for NB-IoT.
2.1.3 Paging Occasion
In legacy paging mechanism, paging occasion (PO) is located in pre-defined subframes in a paging frame (PF), and there can be at most 4 POs in a frame (10ms). In NB-IoT, however, a paging message may expand more than one subframe (1ms), and thus the number of POs in each 10ms may be reduced. Considering the paging message size and not to increase the percentage of radio resources used for paging, we propose to allow at most one PO in each 10ms interval.
Proposal 5:
At most one paging occasion shall be supported per 10ms.
Since there is only one PRB in NB-IoT frequency domain, the location of PO needs not to be indicated by (E)PDCCH as in legacy LTE system. 
Proposal 6:
The location of paging occasion needs not to be indicated by (E)PDCCH.
2.2 Paging capacity
Paging capacity, i.e. POs per time unit that can be offered in a cell, is dependent on the assumptions on UE coverage and size of paging record. It becomes a challenge in NB-IoT systems due to the large number of devices and narrow bandwidth. The support of enhanced coverage (EC) UEs makes the situation worse since the paging messages are repeated for EC UEs, and thus occupies more radio resources than paging for normal coverage UEs. 
Now we evaluate the paging capacity, i.e. the number of POs per hour that can be offered in a cell, under the following assumptions:

· The length of a paging frame is 10ms. There is at most one paging message in each frame, and each paging message carries the paging identity of one UE. Notice that the frame structure of NB-IoT is still under discussion, but this assumption determines the maximum density of paging messages that can be transported in the NB-IoT system.
· As pointed out in [2], it is possible to reliably distinguish among coverage enhancement of max. 2 levels (e.g. 5 dB EC and 15 dB EC) using RSRP based method at least for AWGN channels. Therefore, in the paging capacity analysis, we consider normal coverage UEs and EC UEs of 2 different levels.
The numbers of repetitions required for UE to successfully decode the paging message and the paging capacity that can be offered in a cell (in terms of POs per hour), under different coverage classes, are given in the following table.

Table 1. Paging repetitions and capacity for different coverage classes

	UE coverage class
	Normal coverage
	5 dB EC
	15 dB EC

	# of repetitions needed
	1
	10
	50

	paging capacity (#POs/hr)
	3.6 x105
	3.6 x104
	7.2 x103


Observation 1: Paging capacity in NB-IoT can be low if very deep coverage is supported.
According to [3], it is expected to have more than 50,000 IoT devices in a cell. Can this be supported by current paging mechanism? 
· UEs that are in the paging area but not in the current cell will be paged in the current cell, so the amount of UEs for paging in a cell is likely larger than 50,000. Fortunately, a significant amount of IoT devices are stationary, which helps mitigate the paging overload.
· On the other hand, UEs are not paged at every PO. A UE is only paged when there is MT traffic that is not an immediate response to a MO request. This is relatively rare in IoT.
The actually required paging capacity depends on many factors, including UE number and distribution over a larger area, MT traffic model, paging area size, etc. With very long paging cycles of IoT devices, a general rule is that we should not allow the eNB to drop pages, and the likelihood of blocking needs to be very low. The current paging method is best-effort, where the CN just repeats paging message in the next paging cycle. Modified paging mechanism may be needed to support a large number of UEs with deeper coverage.
Proposal 7:
The paging mechanism in NB-IoT shall ensure a very low likelihood of blocking.
3 Conclusion

We have the following observation:

Observation 1: Paging capacity in NB-IoT can be low if very deep coverage is supported.
It is proposed to discuss and decide on the following proposals:
Proposal 1:
Subframe bundling or similar mechanism is needed in NB-IoT to create PDSCH large enough to carry a paging message.
Proposal 2:
The maximum allowed number of paging identities transmitted in each paging message shall be reduced for NB-IoT.
Proposal 3:
Adopt multi-level frame indexing for UE to determine the time to wake up. Indexes of different levels can be broadcasted with different intervals.
Proposal 4:
Loose synchronization between eNBs shall be maintained for NB-IoT.
Proposal 5:
At most one paging occasion shall be supported per 10ms.

Proposal 6:
The location of paging occasion needs not to be indicated by (E)PDCCH.
Proposal 7:
The paging mechanism in NB-IoT shall ensure a very low likelihood of blocking.
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