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1 Introduction
In RAN#69 meeting, a New WI Proposal “Narrowband 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. The following agreements were made in RAN2 #91bis meeting.
	Idle mode DRX cycle
· Idle mode DRX cycles up to around 3 hours should be possible to support. The exact cycle length will depend on the physical layer design.
· Idle mode DRX cycles down to around one second should be supported. The exact cycle length will depend on the physical layer design. May be revisited due to impacts of repetitions. May be dependent on coverage level.

Coverage level

· We assume that we support different paging transmission repetitions for different coverage level.
· RAN2 assumes that the CN node can provide information on the coverage level of the UE, the paging attempt number, and the last known Cell ID, to RAN node in NB-IoT. 

· RAN2 assumes that eNB forwards the coverage level to the MME. It is FFS how the eNB can know the UE coverage level. 

Paging occasion

· NB-IoT UE determines the paging occasions to monitor paging message by using UE ID and Frame Number. FFS if we also need other parameter(s). 

· Course paging occasion alignment for a UE between eNBs is beneficial when using long DRX cycles for NB-IoT.


In this contribution, we analyze the potential impacts on paging mechanism for NB-IoT.
2 Discussion
2.1 Dynamic Paging Message Transportation
As in LTE paging mechanism, the first step of finding paging message in NB-IOT is to determine the location of paging frame (PF) based on UE_ID and SFN. Within the PF, a more dynamic PO mapping may be needed for NB-IOT. The reasons are twofold. First, less paging identities (probably only one) are carried in each paging message, and a fixed mapping limits the flexibility and leads to a higher collision rate. Second, a NB-IOT cell usually has a large number of UEs with infrequent MT traffic, and thus more UEs can be mapped to the same PO-carrying subframe. Therefore, we propose a resource chaining method for transportation of paging messages in NB-IOT, as depicted in Fig. 1.

[image: image1.emf]PO

UE#1 1

Optional 

PO

Paging frame #a

Paging 

message

Indication 

bit

Optional 

PO

UE#2 1 UE#3 0

PO

UE#2 1

Optional 

PO

Paging frame #b

UE#4 0


Fig. 1 Transportation of paging messages with resource chaining
The proposed method is described as follows.
· In a PF, there are a (mandatory) PO and several optional POs. The locations of POs can be flexible but should be preconfigured.
· An indication bit is appended after each paging message. In its corresponding PF, a UE looks for its paging record, starting from the first PO. If the paging record is not found and the indication bit is set as ‘1’, the UE examines the next PO in the PF; otherwise it stops.
· The indication bit of the last PO in a PF is set as ‘0’.

As shown in Fig. 1, with the proposed method, the PO locations of a specific UE (e.g. UE #2) may vary in different PFs. Also, the number of POs in a PF is variable, and the number of POs can be dynamically extended when needed. These features provide better flexibility for paging in NB-IOT. We believe that the proposed resource chaining method can be introduced as an optional paging mechanism for NB-IOT. 
Proposal 1:
Introduce the resource chaining method as an optional mechanism to carry paging messages, and dynamically extend the number of POs when needed.
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. 
2.2.1 Paging Capacity with Coverage Extension
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 one PO 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 at most 2 levels (e.g. 5 dB CE and 15 dB CE) 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 effective 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 CE
	15 dB CE

	# of repetitions needed
	1
	10
	50

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


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. 
2.2.2 Blocking Probability
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. Assuming Poisson arrival process of paging messages (original, excluding paging repetitions), we try to analyze the blocking probability of the proposed dynamic paging message transportation method. Fig. 2 shows the blocking probability of a paging message (either original or repeated one) as a function of the arrival rate of original paging messages, for different coverage classes and numbers of POs per PF (NPO). It is observed that blocking probability is generally low for normal coverage UEs, and for 5dB CE UEs. Even for UEs in deep coverage (15dB CE), the blocking probability is acceptable as long as additional PO is provided (i.e. NPO=2) and the arrival rate is not too high.
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Fig. 2 Blocking probability of paging messages
Based on the above evaluations and observations, we have the following proposals. 
Proposal 2:
The paging mechanism in NB-IOT shall ensure a very low likelihood of blocking.
Proposal 3:
Additional POs shall be provided in a PF for EC UEs.
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
Introduce the resource chaining method as an optional mechanism to carry paging messages, and dynamically extend the number of POs when needed.
Proposal 2:
The paging mechanism in NB-IoT shall ensure a very low likelihood of blocking.
Proposal 3:
Additional POs shall be provided in a PF for CE UEs.
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