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1 Introduction
The content and PO (Paging Occasion) mechanism of LTE is reviewed in RAN2 for NB-IoT development. According to some enhancement of paging behavior in RAN2, it becomes more easily to have control-less paging design in RAN1 for NB-IoT. Therefore, in this contribution, control-less paging mechanism of NB-IoT is analyzed.
2 Analysis on paging message of NB-IoT
In LTE, paging message includes (Paging Msg) 1. systemInfoModification, 2. Warning of Public warning system, or 3. A list of paged UE_ID. Paging for systemInfoModification may be removed based on RAN2’s discussion :

· RAN2#91bis agreement [1]
· We assume that we place the SystemInformationValueTag in NB-IOT MIB to enable fast detection of system information change. This can be revisited. 
· RAN2#92 agreement [1]
· The UE is not required to detect SIB changes while being in RRC CONNECTED. The NW may release the UE to RRC IDLE if it wants the UE to acquire changed SIB(s).
Paging for “Warning of Public warning system” may be removed based on RAN2’s discussion :
· RAN2#91bis agreement

· We assume we will not support Public warning function, CMAS, ETWS, PWS. 

Observation #1 : Only one purpose is kept for paging, which is “NW pages specific UE device when NW wants to communicate with it”.
From TR45.820 [2], the requirement for a cellular IoT network is to serve more than 50000 IoT device per cell. According to the traffic model of “network command” in TR45.820 [2], there are in average ~25k pages generated per hour in a cell, given 54247 NB-IoT devices in a cell. The average paging load is not high, and it is with high probability that “zero or one NB-IoT device” is paged in its PO per group. From [3], a paging with chaining is discussed. As shown in Figure 1, for example, UE_ID of UE#1 is carried in the first “red 2ms”, specific group of UE will read the first “red 2ms” to check if it is paged. By the additionally introduced “indication bit”, UE will know if there is remaining UE of the group paged. With such mechanism, it is possible to further design that 

1. there is only one NB-IoT device paged in every PO

2. use additional (chained) PO to page remaining NB-IoT device if more than one NB-IoT device in a paging group need to be paged

Observation #2 : Through appropriate PO mechanism, it could be designed that NW only page one NB-IoT device in one PO or few NB-IoT devices in one PO.
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Figure 1. Paging with chaining
Due to Observation I and Observation II, the number of possible values of transport block is greatly reduced. In addition, the possible applied code rate for NB-IoT devices of specific coverage level is also confined. Since the possible decoding candidates are greatly reduced, it is possible to have control-less paging design with few blind decoding candidates to reduce PDCCH overhead. Further analysis on control-less paging design is provided in the next section.
3 Analysis on control-less paging design of NB-IoT
3.1 Analysis on payload size of Paging Msg
First of all, the size of paging message (Paging Msg) is further studied. NW may use S-TMSI or IMSI to page specific NB-IoT device. When Paging Msg only includes one UE_ID (S-TMSI or IMSI), the max possible bit length is 10bytes (in case IMSI with 15 digits). One extra bit may be introduced if the additional PO mechanism proposed in [3] is adopted. The specific payload size could be specified for Paging Msg in MAC/PHY.

Observation #3 : The bit length of Paging Msg with single UE_ID is at most “80bits”.
3.2 Analysis on capacity improvement 
In addition, simulation is performed to analyze the capacity improvement for control-less paging design of NB-IoT. Table 2 shows the required number of subframes per transmission for “24 bits DCI + 16 bits CRC @ BLER=0.01” and “81 bits Paging Msg + 24 bits CRC @ BLER=0.1”. Please refer to the Appendix for simulation assumption. It is found that it takes DL resource 10 subframes for NB-PDCCH to achieve BLER=0.01 @ MCL=154dB, and 7 subframes for NB-PDSCH to achieve BLER=0.1 @ MCL=154dB. BLER=0.1 for Paging seems not good enough. Typically, if NB-IoT does not decode its Paging Msg successfully, NW will page in the following POs. This is trade-off between “efficient DL resource usage” and “paging latency”, and BLER=0.1 for Paging per transmission make senses in current system. Based on the simulation results in Table 2, when paged, it takes 17(=10+7) subframes in Legacy paging mechanism, and it takes only 7 subframes if DCI transmission is not necessary. The performance is shown in Table 3. When corresponding NB-IoT device is paged, there is 50%~60% capacity saving with additional NB-IoT device power saving. Even when NB-IoT device is not paged, there is device power saving. Although encoding chain, RE mapping, related parameters of NB-PDCCH and NB-PDSCH are not yet determined for NB-IoT, the capacity improvement ratio provided by simulation is referential.
Table 2. The required DL resource for NB-PDCCH/NB-PDSCH
	The required number of 
subframes per transmission
	Guard-band deployment

	
	MCL=164dB
	MCL=154dB
	MCL=144dB

	NB-PDCCH
24 bits DCI + 16 bits CRC @ BLER = 0.01
	123
	10
	1

	NB-PDSCH
81 bits Paging Msg + 24 bits CRC @ BLER = 0.1
	81
	7
	1


Table 3. Performance of control-less paging mechanism
	For each PO
	MCL=164dB
	MCL=154dB
	MCL=144dB

	Paged
	Required subframes (#)
	123+81 ( 81 
(60% saving)
	10+7 ( 7 
(59% saving)
	1+1 ( 1 
(50% saving)

	
	NB-IoT device active time (ms)
	
	
	

	Not paged
	Required subframes (#)
	0 ( 0

	
	NB-IoT device active time (ms)
	123 ( 81
(34% saving)
	10 ( 7
(30% saving)
	1 ( 1
(no saving)


Observation #4 : Control-less paging mechanism may provide DL resource saving and potential power saving of NB-IoT device.
3.3 Analysis on blind decoding complexity
The section discuss the potential blind decoding candidates if control-less paging mechanism is introduced. There are several aspects related to blind decoding candidates :

· Modulation order : In NB-IoT, QPSK may be the baseline, and 16QAM is FFS. Even if 16QAM is introduced, it is for peak rate throughput improvement. Therefore, it is natural to only use QPSK for paging.

· TBS : From Observation #2, through appropriate PO mechanism, it could be designed that NW only pages one NB-IoT device in one PO. From Observation #3, Paging Msg with single UE_ID has at most 80bits. Therefore, it is possible to define only one TBS, for example : 81bits(one extra bit for PO chaining mechanism).
· Resource allocation and repetition number : code rates of paging shall target on three different coverage level, i.e., MCL=144dB/154dB/164dB. Three different code rate can be determined after further analysis. Each NB-IoT device shall know corresponding code rate of its coverage level. Resource allocation and repetition number determines the code rate. Once the design of NB-PDSCH is ready, NB-PDSCH can be associated with Paging Occasion and Resource usage of NB-PDSCH and how it repeats can be pre-defined in Specification or pre-configured by RRC Msg.
After the analysis, one may find that the number of blind decoding candidates shall be small, and it is even possible to have only one decoding candidate with “QPSK & TBS=81bits & pre-defined resource allocation and repetition number”.
Observation #5 : It is possible to have control-less paging design with only few blind decoding candidates.

Proposal #1: “Control-less paging mechanism in NB-PDSCH” is supported in NB-IoT. The detailed mechanism is FFS.
4 Conclusion
In this contribution, control-less paging mechanism is analyzed. With appropriate PO design with single UE_ID paging, there is potential NB-IoT device power saving and capacity improvement. Moreover, the extra blind decoding effort is quite limited. Therefore control-less paging mechanism may be further studied.
Observation #1 : Only one purpose is kept for paging, which is “NW pages specific UE device when NW wants to communicate with it”.

Observation #2 : Through appropriate PO mechanism, it could be designed that NW only page one NB-IoT device in one PO or few NB-IoT devices in one PO.

Observation #3 : The bit length of Paging Msg with single UE_ID is at most “80bits”.
Observation #4 : Control-less paging mechanism may provide DL resource saving and potential power saving of NB-IoT device.
Observation #5 : It is possible to have control-less paging design with only few blind decoding candidates.

Proposal #1: “Control-less paging mechanism in NB-PDSCH” is supported in NB-IoT. The detailed mechanism is FFS.
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6 Appendix

6.1 Simulation assumption 
	
	Guard-band

	LTE system bandwidth
	10 MHz

	eNB transmit power for NB-IOT
	Separate PA, 35dBm for 

NB-IoT with 1:1 layout

	Channel model
	TU1

	Antenna config
	DL : 2X1 SFBC

	PDCCH of LTE
	0 OFDM symbol

	Reference signals
	CRS has same power as NB-PDSCH

	Others
	Real CE
No timing error
No freq error

	

	
	TBCC
QPSK
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