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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.
Compared to current MTC system in LTE, NB-IOT has much narrower bandwidth, larger number of devices, and much longer sleep cycle. Therefore, the paging mechanism for NB-IoT requires further study. The following agreements were made in RAN2 #92 meeting.
	· In NB-IOT an SFN-based short DRX, long DRX (eDRX) with paging transmission window (PTW) is used. 

· NB-IOT supports a short DRX up to X seconds, where X need to be selected to allow RAN repetitions between PO, and to allow CN to trigger retransmissions at PO’s. 

· UE monitors all his PO’s in the PTW

· PTW start, and PO is calculated based on UE-ID

· For the short DRX individual paging cycle is not needed, the defaultPagingCycle of the cell can be used.
· As specified for eDRX, we assume that the extended DRX cycle length and PTW size are negotiated between UE and CN during ATTACH/TAU.

· RAN2 assumes that the CN sends the paging message to the eNodeB just before the PTW of the NB-IOT device


In this contribution, we analyze the potential impacts on paging mechanism for NB-IOT.
2 Discussion
2.1 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 (number of POs per hour that can be offered in a cell), under the following assumptions: 
· All subframes can be used for paging message transferring, including paging repetitions for EC UEs. Notice that the frame structure of NB-IOT is still under discussion and only partial subframes can be PO in practice, 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 using RSRP based method, at least for AWGN channels. We consider normal coverage UEs with MCL=144dB and two different EC levels with MCL=154dB and MCL=164dB, respectively.
For a UE to successfully decode the paging message, the message may need to be transmitted using multiple subframes, with either repetitions or (equivalently) sparser channel coding. The required repetition depends on the operation mode (standalone, guard-band, or in-band) and corresponding transmission power and interference conditions. The numbers of required subframes and the paging capacity that can be offered in a cell (pages per hour), under different coverage classes and operation modes, are given in the Table 1.

Table 1. Maximum paging capacity for different coverage classes and operation modes
	UE coverage class (MCL)
	NC (144dB)
	10 dB EC (154dB)
	20 dB EC (164dB)

	operation mode(*)
	S
	G
	I
	S
	G
	I
	S
	G
	I

	# subframe(ms) per UE_ID
	1
	1
	1
	2
	7
	8
	11
	81
	91

	paging capacity (103 pages/hr)
	3600
	3600
	3600
	1200
	514.3
	450
	327.2
	44.44
	39.56


(*) S: standalone, I: in-band, G: guard-band
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 tracking 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 NB-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 situation 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, tracking area size, etc. Assuming 20% UEs are mobile with tracking area size of 25 cells, based on the traffic model in [3], there are on average 200k to 250k pages generated (due to e.g. network commands) per hour in a cell site. The analysis in Table 1 shows that unless too many UEs are in deep coverage, the paging capacity is enough even only partial subframes (e.g. 1 subframe per 10ms radio frame) are used to carry paging messages. The eNB should allocate POs properly based on the factors mentioned before, and ensure enough paging capacity.
Proposal 1:
The eNB should allocate POs properly to provide enough paging capacity.
2.2 Paging Enhancements
2.2.1 Transmission of Paging Messages
In current paging mechanism, a UE awaking in an arbitrary PO first decodes PDCCH scrambled with P-RNTI, and then proceeds to decode the PDSCH message including UE ID list (e.g. S-TMSI). In LTE devices where a large number of UEs are paged in one PO, it is more efficient to have paged UE list in PDSCH. In NB-IOT, since there is only one PRB in NB-IOT frequency domain, and the number of UE identities in a paging message is expected to be small, the location and presence of paging messages need not to be indicated by (E)PDCCH as in legacy LTE system; a UE can check the content of potential PO-carrying subframes directly. The PDCCH-less mechanism also saves radio resource for PDCCH transmission.
Proposal 2:
The location and presence of paging messages need not to be indicated by (E)PDCCH.
The PDCCH-less paging message transmission may bring some RAN1 concerns (e.g. decoding).
2.2.2 Paging Message Repetition for EC UEs

For eMTC, it has been agreed in RAN2 #91 meeting that the number of M-PDCCH repetitions corresponding to each coverage level will be known to the UE (e.g. based on information broadcast in system information). Also, there is a time-frequency pattern for the repeated paging messages. For NB-IOT, although we propose not to apply PDCCH, the number of paging message repetitions corresponding to each coverage level should also be known to the UE.
Proposal 3:
The number of paging repetitions corresponding to each coverage level shall be known to the UE.

Similar to eMTC, the exact repetition pattern should be defined by RAN1. However, since there is no dimension of frequency hopping, the repetition pattern for NB-IOT is expected to be simpler than eMTC.
2.2.3 Dynamic Paging Message Allocation
The MT traffic arrival and corresponding paging requests in NB-IOT cells may vary a lot in time. In average, paging is rare for M2M devices as most traffic is assumed to be UL and autonomously generated from the UE. However, there are occasions when very large amounts of devices are paged within limited time, thus the peak required capacity still quite high. Examples are:
· At end of month to trigger specific reports for meter-based billing.
· At O&M actions by the M2M controller.
Paging is traditionally a best effort service. When load peaks exceeding the configured capacity, pages are simply dropped. At low average paging load, there is no need to extend the paging capacity for the worst case. It shall be possible for a UE also in eDRX to monitor very few POs, e.g. one PO per eDRX cycle. To avoid blocking at load peaks, the proposal is to extend the paging resources dynamically, by indicating resource extension in the page, triggering UEs to monitor more paging occasions. The proposed method is referred to as resource chaining, as depicted in Fig. 1. 
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Fig. 1 Transportation of paging messages with resource chaining
The proposed method is described as follows.

· First, consider a system with only NC UEs, as in Case 1:

· In a PF, there are a (default) PO and several optional POs. If the number of UEs mapped to a PF exceeds the number of capacity offered in the PF, optional POs may be located in subsequent frames as long as they are not overlapped with another PF (the nB value should be configured properly). The locations of POs can be flexible but should be preconfigured.
· An indication bit is appended at the end of each paging message. In its corresponding PF, a UE looks for its paging record, starting from the first PO. If the UE-specific 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 group is set as ‘0’.
· When both NC and EC UEs are paged, as shown in Case 2:

· The paging message of an EC UE is repeated. The paging repetitions occupy multiple consecutive valid subframes, which may be located in next radio frames.
· A UE with fewer repetition levels may decode the paging message for a UE in deeper coverage (i.e. with more repetitions) before all paging repetitions are transmitted, and determine whether it needs to wake up in next optional PO based on the indication bit. 
By such a solution, the UEs monitor few POs in the normal case which gives good battery performance. When load peak comes, the paging burst can still be handled by the dynamic PO allocation, which maintains reasonable probability of paging loss. Therefore, we believe that the proposed resource chaining method is a suitable paging mechanism for NB-IOT. 
Proposal 4:
Introduce the resource chaining method for NB-IOT paging mechanism, and dynamically extend the number of POs when needed.
2.3 Blocking Probability of the Proposed Method
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. 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). We assume that the ratio of UEs in different coverage level (MCL) is given by {Prob(MCL=144dB), Prob(MCL=154dB), Prob(MCL=164dB)} = {90%, 6%, 4%}. It is observed that for standalone mode, the blocking probability is reasonble even only one PO is provided (i.e. NPO=1). For UEs in guard-band and in-band modes, the blocking probability is acceptable if paging arrival rate is not too high, but additional POs may be needed for frequent paging.
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Fig. 2 Blocking probability of paging messages for different scenarios
(S: standalone, I: in-band, G: guard-band).

Based on the above evaluations and observations, we have the following proposals. 
Proposal 5:
The paging mechanism in NB-IOT shall ensure a very low likelihood of blocking.
3 Conclusion

It is proposed to discuss and decide on the following proposals:
Proposal 1:
The eNB should allocate POs properly to provide enough paging capacity.
Proposal 2:
The location and presence of paging messages need not to be indicated by (E)PDCCH.

Proposal 3:
The number of paging repetitions corresponding to each coverage level shall be known to the UE.

Proposal 4:
Introduce the resource chaining method for NB-IOT paging mechanism, and dynamically extend the number of POs when needed.

Proposal 5:
The paging mechanism in NB-IOT shall ensure a very low likelihood of blocking.
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