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Introduction
At RAN #69, New Work Item called by NB-IOT was agreed to develop a single “clean-slate solution” in TSG RAN based on techniques described in TR 45.820 [1]. The objectives of the CIoT study described in TR 45.820 were improved indoor coverage, support of massive connections, reduced complexity, improved power efficiency and latency. [2]. In addition, as already discussed in WID [1], the main design concept in high layer of NB-IOT is to maximize the reuse of current LTE procedure to NB-IOT.
This contribution discusses how to adapt the current LTE paging procedures into NB-IOT with considering both the minimal change of specification and improvement of the power efficiency. 
[bookmark: _Toc365474904][bookmark: _Toc365475393][bookmark: _Toc365476065][bookmark: _Toc365474914][bookmark: _Toc365475403][bookmark: _Toc365476075][bookmark: _Toc365474917][bookmark: _Toc365475406][bookmark: _Toc365476078][bookmark: _Toc365474920][bookmark: _Toc365475409][bookmark: _Toc365476081]Revisit of Current Paging Operation
In this section, we first revisit the current paging operation in LTE to provide the background for discussing how it can be modified for use in NB-IOT systems. 

2.1 Determination of PF (Paging Frame) and PO (Paging Occasion)
From [3], the PF and PO of current LTE paging operation are determined by following formulae using the DRX parameters provided in SI (System Information):
(1) PF is given by following equation:
SFN mod T= (T div N)*(UE_ID mod N)

(2) Index i_s pointing to PO from subframe pattern defined in Table 1 will be derived from following calculation:
i_s = floor(UE_ID/N) mod Ns

where the following parameters are used for the calculation of the PF and i_s:
· SFN: System Frame Number.
· 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.
Table 1. Subframe Pattern for pointing PO according to Ns and i_s
	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



Here, above parameters N, Ns, PF and PO can be derived according to the values of nB in Table 2.

Table 2. Paging parameters N, Ns, PF and PO according to nB 
	nB
	4T
	2T
	T
	T/2
	T/4
	T/8
	T/16
	T/32

	N
	T
	T
	T
	T/2
	T/4
	T/8
	T/16
	T/32

	Ns
	4
	2
	1
	1
	1
	1
	1
	1

	SFN mod T
	UE_ID mod T
	1/2 * (UE_ID mod T/2)
	1/4 * (UE_ID mod T/4)
	1/8 * (UE_ID mod T/8)
	1/16 * (UE_ID mod T/16)
	1/32 * (UE_ID mod T/32)

	i_s
	Floor(UE_ID/T ) mod 4
	Floor(UE_ID/T) mod 2
	0



Here, as shown in Table 2, nB means the number of POs to be transmitted in a frame, and is reflected in the resulting values of N for PF, and of Ns for PO i.e. the value nB influences the number of paging messages to be conveyed in a cell during a day. Therefore, the value of nB needs to be determined by considering the number of required paging messages in NB-IOT.
Observation 1. The value of nB needs to be determined by considering to the number of required paging messages in NB-IOT.

In addition, as shown in the equation of PF, the values of PF and PO are determined over the system frame time, which means that the value of system frame duration affects the number of paging messages to be transmitted in a cell during a day. Currently, the system frame duration is not determined yet in RAN1 but the value is expected to be larger than in LTE due to limited BW. For example, NB-LTE and NB-CIoT had larger system frame duration than the current LTE. Therefore, we also need to consider following observation for determining nB:
Observation 2. When determining the value nB in NB-IOT, the value of system frame duration need to be considered, as the system frame duration is expected to be larger than the current LTE.  

2.2 The amount of Network Commands for Paging 
Paging is triggered by network commands, whose model will be referred to as Network Triggered Reporting (NTR). When it comes to the amount of traffic, CIoT has much smaller volume than LTE. In terms of traffic pattern, TR 45.820 models the NTR with inter-arrival time distributed between 2 hours to 1 day, meaning that CIoT devices transmit UL data at most 12 times per a day for NTR traffic. According to simulation, CIoT devices receive an average of just 2.25 paging messages per day for NTR traffic, which is smaller compared to paging messages of normal LTE devices. Table 3 shows the traffic model of NTR mode used for paging operation.



[bookmark: _GoBack]Table 3. Traffic mode of NTR mode [2]
	Response Probability about the Network Command
	response of 50%, not response of 50%

	The size of the downlink Network Command
	20 bytes

	The distribution of the periodic inter-arrival time
	Split of inter-arrival time periodicity: 1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)

	The distribution of the application payload size
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.



Therefore, following observation is derived:
Observation 3. Compared to LTE, much fewer paging messages generated from the network are expected in NB-IOT, e.g., 2.25 paging messages per day. Therefore, when reusing the paging mechanism of LTE for NB-IOT, we need to figure out the impacts of the reduced paging demands.

2.3 Transmission of Paging PDCCH and Paging Message
In order to examine the impacts of the reduced paging demands, the procedure for LTE paging operation is revisited from waking up to receiving paging message. 

Figure 1. Procedure of LTE paging operation

After checking that S-Criteria is satisfied in step 1, UE confirms whether the location is updated or not by reading MIB and SIBs of steps 2 and 3. If the location is not updated, UE awakened in arbitrary Paging Occasion (PO) will decode PDCCH scrambled with P-RNTI in step 4. Then, UE proceeds to decode the PDSCH message including MS ID list (e.g. S-TMSI). 
Here, aside from obtaining the synch and system information, LTE UEs need to perform two separate steps in order to receive paging message: receiving PDCCH and then PDSCH. This is the right approach for high-end LTE network where there are lots of uplink and downlink traffic arriving: in other words, when there are a large number of paged UEs in one PO, it is more efficient to have paged UE list included in data channel. In particular, when considering the size of S-TMSI is 40bits, including more than two UE IDs means that size of paging message should be more than 80bits, which means that inserting the paged UE IDs to PDCCH is quite challenging.
Observation 4. The paging mechanism of current LTE consists of two steps: receiving PDCCH and then PDSCH. The list of paged UE IDs is included in the data channel, PDSCH, because there are a large number of paged devices in LTE.

Therefore, we can know that the current paging mechanism is well suited to LTE with a very large amount of traffic, which in turn means that a large number of paged devices are included in same PO group. However, if the current LTE paging procedure is employed for NB-IOT, it is expected that a lot of devices in one PO group would wake up and find that they have no paging message for them: they have been woken up only because paging messages arrived for a small number of devices in the same PO group. Nonetheless, the not-paged devices have had to read both PDCCH and PDSCH in this procedure. We call this phenomenon “False Paging” in this contribution, captured in the following observation.
Observation 5. If the current LTE paging procedure is employed for NB-IOT, lots of non-paged devices will wake up due to the paging messages arriving for other devices included in same PO group.

Table 4 shows the number of woken and paged UEs in each PO according to DRX. For the analysis, following setups are assumed.
· The number of UEs in a cell : 52547
· The system frame duration : 60ms 
· Observed Coverage Class : 144dB
· The number of UEs in the Observed Coverage Class : 17516
· Traffic distribution for paging demand : followed by Table 3

Table 4. The number of woken and paged UEs in each PO according to DRX
	
	DRX = 2.56 sec
	DRX = 10.24 sec
	DRX = 20.48 sec
	DRX = 81.92 sec

	The number of woken UEs (per PO), (a)
	410.5
	102.6
	51.3
	12.8

	The number of paged UEs (per PO), (b)
	0.02
	0.02
	0.02
	0.02

	Paging Efficiency,
(b)/(a)
	 0.0
	0.0
	0.0
(0.0004)
	0.0
(0.002)



As shown in Table 4, we can know that paging efficiency is almost zero in the NB-IOT environment. The Main reason behind this is that a few minutes DRX period is too short considering paging demands, so the number of paged UEs in each PO is almost zero. This implies that most of the woken UEs in each PO have been falsely paged and would consume their power unnecessarily. On the other hand, it is also observed that the number of woken UEs decrease as the DRX value increases, i.e. by increasing the DRX value, the number of false paging UEs can decrease.

Observation 6. When current 2 step paging mechanism with DRX period up to 10.24s is applied to NB-IOT, the paging efficiency is very low. Therefore, it can cause unnecessary battery power consumption. 
Observation 7. For NB-IOT environment, employing eDRX is recommended for relaxing the false paging.  

Way Forward of Current Paging for NB-IOT
A few options can be considered as a way of reducing the false paging in NB-IOT environment.

(1) The first option is to extend the DRX cycle as much as required. 
In that case, the number of paged UEs in the PO will increase so that the ratio of false paging will decrease. Currently, eDRX WI is considering the period of 50min as the maximum value. However, some application requires relatively short latency such as less than 10 ~ 15 seconds [2]. Therefore, eDRX may not be a complete solution for the false paging problem. 

Proposal 1. Extending the DRX cycle will be beneficial in minimizing the negative impact of false paging. However, depending on the latency requirement, eDRX may not be applicable to all CIoT applications.

(2) The second option is to simplify the current paging procedure which consists of PDCCH and PDSCH into a single step paging, e.g., PDCCH with paged UE IDs. 
The devices with relatively short latency requirements will suffer from false paging. Whenever paging PDCCH is detected, the devices need to decode another channel, PDSCH, to check paging arrival. Instead of using both PDCCH and PDSCH, one single step paging using only PDCCH can be considered for the devices. This may work mostly well in CIoT environment where the number of paged devices is limited. If multiple UEs are paged, multiple PDCCHs can be sent or the size of single PDCCH information block can be increased to incorporate more than one paged UEs. Alternatively, paging for some UE can be delayed to the next PO if its latency requirement allows. I.e., the paging messages for N paged UEs can be transmitted over N POs. Although this method can solve the false paging issue, it has an advantage of limited specification change, which is just to make PDCCH include a paged UE ID.

Proposal 2. For the false paging issue, consider simplifying the current paging procedure: a single PDCCH based paging message which includes paged UE ID will be a good solution with just a minimal specification change. 

(3) The third option is to insert more information about the paging group to some channels ahead of PDSCH paging message so that the false paging problem can be relaxed somewhat. 
For example, one possible option is to insert the paging group information (e.g. n Least Significant Bits of IMSI or S-TMSI) to SI as introduced in NB-CIoT or to PDCCH as introduced in NB-M2M
However, inserting paging control information in SI (System Information) may not be appropriate: the fundamental purpose of SI is not the dynamic control of devices, but is to broadcast system information with long update period. In addition, currently, when the DRX period is set to a short period, the receiving procedures of MIB and SIBs are sometimes omitted for power saving. In that case, CIoT UEs would miss paging messages. If paging control information is inserted into SI, UEs have to unnecessarily decode MIB and/or SIBs at every paging opportunity.

Proposal 3. Inserting paging control information to SI may not be appropriate, because SI is used for broadcasting background information with long update period, and is not for controlling devices dynamically. In addition, because UE would always need to decode SI, it may cause additional power consumption to CIoT UEs.

[bookmark: _Toc426289536]Conclusions
In this document, we discussed issues on paging design in NB-IOT. For the paging design, we derived following observations and proposals.
Observation 1. The value of nB needs to be determined by considering to the number of required paging messages in NB-IOT.
Observation 2. When determining the value nB in NB-IOT, the value of system frame duration need to be considered, as the system frame duration is expected to be larger than the current LTE.  
Observation 3. Compared to LTE, much fewer paging messages generated from the network are expected in NB-IOT, e.g., 2.25 paging messages per day. Therefore, when reusing the paging mechanism of LTE for NB-IOT, we need to figure out the impacts of the reduced paging demands.
Observation 4. The paging mechanism of current LTE consists of two steps: receiving PDCCH and then PDSCH. The list of paged UE IDs is included in the data channel, PDSCH, because there are a large number of paged devices in LTE.
Observation 5. If the current LTE paging procedure is employed for NB-IOT, lots of non-paged devices will wake up due to the paging messages arriving for other devices included in same PO group.
Observation 6. When current 2 step paging mechanism with DRX period up to 10.24s is applied to NB-IOT, the paging efficiency is very low. Therefore, it can cause unnecessary battery power consumption. 
Observation 7. For NB-IOT environment, employing eDRX is recommended for relaxing the false paging.  

Proposal 1. Extending the DRX cycle will be beneficial in minimizing the negative impact of false paging. However, depending on the latency requirement, eDRX may not be applicable to all CIoT applications.
Proposal 2. For the false paging issue, consider simplifying the current paging procedure: a single PDCCH based paging message which includes paged UE ID will be a good solution with just a minimal specification change. 
Proposal 3. Inserting paging control information to SI may not be appropriate, because SI is used for broadcasting background information with long update period, and is not for controlling devices dynamically. In addition, because UE would always need to decode SI, it may cause additional power consumption to CIoT UEs.
References
[bookmark: _Ref400380424][bookmark: _Ref344390138][bookmark: _Ref344389208][bookmark: _Ref222280625][bookmark: _Ref401740907][1] RP-151621, New Work Item: NarrowBand IOT (NB-IOT), Qualcomm Incorporated, RAN#69, Phoenix, USA, Sep 2015.
[2] 3GPP TR 45.820 v2.0.0, Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things, August 2015.
[3] 3GPP TS 36.304, 3GPP TSG RAN E-UTRA UE procedures in idle mode
	

2/6


image1.emf
Step 1

Cell Reselection

Step 2

MIB decoding

Step 3

SIBs decoding

Step 4

PDCCH decoding

Step 5

PDSCH decoding


oleObject1.bin
�

Step 1
Cell Reselection



