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1 Introduction

In RAN2#92 meeting, the following agreements about Paging for NB-IOT were achieved:

	· use eDRX solution 
· SFN-based short 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 default Paging Cycle 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, paging in NB-IOT is discussed further.
2 Discussion

2.1 Sparse paging occasion in NB-IOT
In legacy LTE, paging occasions can share the time domain location with PSS/SSS/PBCH/SIB1, that is, paging occasions can occur on sf#0, sf#4, sf#5 and sf#9 of some radio frames. Figure 1 illustrates the time domain resource for PSS/SSS/PBCH in legacy LTE: for FDD PSS/SSS, their time domains are fixed on 2 symbols of sf#0 and sf#5 of every radio frame; for PBCH, its time domain is fixed on 4 symbols of sf#0 of every radio frame. For SIB1, its time domain is fixed on sf#5 of even radio frame. For sf#0, even if some symbols can be occupied by PSS/SSS/PBCH, there are still some symbols left for potential paging occasions. For sf#5, since SIB1 occupies sf#5 of even radio frame, it is possible for paging occasions to occur on sf5 of odd radio frame or on sf5 of even radio frame by scheduling different PRB with SIB1.
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Figure 1: time domain resource for PSS/SSS/PBCH in LTE

In NB-IOT, the bandwidth of NB-IOT is only one PRB, and the design for PSS/SSS/PBCH could be different from legacy LTE in order to guarantee the performance of PSS/SSS/PBCH. Based on the possible assumption and design for NB-IOT PSSS/SSS/PBCH, from time domain perspective, NB PSS/SSS/PBCH may occupy more symbols of one subframe than that of legacy LTE, i.e. NB-PSS/SSS/PBCH may occupy all valid symbols of one subframe within different cycles (e.g. two subframe NB-PSS and one subframe NB-SSS within 20ms, one subframe NB-PBCH within 10ms). From frequency domain perspective, NB PSS/SSS/PBCH may occupy the whole resource, (see [4] for detailed design). The possible subframe pattern for NB-PSS/SSS/PBCH transmission is illustrated in Figure 2.
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Figure 2: Examples of resource allocation in 80 ms
As shown in the subframe pattern in Figure2, if only sf#0, sf#4, sf#5 and sf#9  can be used for paging as in legacy LTE, there are 3 subframes available for both paging occasion and SIB1 transmission within the cycle of 20ms. Considering that the transmission for SIB1 may require more than one subframe because of limited frequency domain resource of NB-IOT, the time domain sharing resource pool of PO/SIB1 may not give enough chances for paging within 20ms. Therefore, it’s reasonable to consider paging occasion within a more flexible and longer cycle, e.g. 20ms, 40ms, 80ms, 160ms etc. For instance, within a cycle of 80ms there are 12 subframes available for paging occasion and SIB1 transmission: even if SIB1 occupies 6 subframes, there are still 6 subframes for paging occasions.

Observation 1:  The available time domain resource for paging occasion in NB-IOT is sparse when sf#0, sf#4, sf#5 and sf9 are reused for paging as in legacy LTE.
Proposal 1: To expand the unit of resource allocation for paging occasion to more than one radio frame in NB-IOT, e.g. 20ms, 40ms, 80ms, or 160ms.
2.2  nB without supporting extension in NB-IOT
In MTC/eMTC, nB extension may be feasible. Because it provides a larger bandwidth and multiplexing size will be lesser limited  compared with that of NB-IOT, it can still supply enough number of UEs to be paged at the same time and the capacity of cell  will be lesser influenced when the value of nB is extend in MTC/eMTC. But in NB-IOT, nB extension may be infeasible. As the result of the limitation of narrow bandwidth, TB size and multiplexing size will be restricted. If the value of nB is extended in NB-IOT, the capacity will have a serious effect. 

	nB 
	The number of PFs (256 Radio frame)
	Capacity

	T/32
	8
	“100%”

	T/64
	4
	“50%”

	T/128
	2
	“25%

	T/256
	1
	“12.5”


Table 1: Influence of nB extension in NB-IOT
From the above table, if nB with the value of “T/32” is used as a baseline，we can find that capacity is badly decreased and this will have a serious influence especially in NB-IOT, when nB is extended. Maybe in MTC/eMTC, capacity has lesser effects with extended nB, because frequency-domain resource of eMTC is larger than that of NB-IOT. If nB is extended in MTC/eMTC, although the number of PO will be decreased on one unit of frequency-domain resource, abundant frequency-domain resource compared with NB-IOT will provide enough POs in the time of one DRX cycle.
In MTC/eMTC, the purpose of the assumption of nB extension is to supply a larger number of POs for paging repetition and to avoid overlap next PO. But if the rest of resource(except sf#0、4、5、9) can be used for paging repetition in NB-IOT, it will achieve the same purpose of  providing  enough POs for paging repetition without nB extension. Besides, as the assumption of postponing next PO when the UE need to be supplied more POs between the two POs, it farther reduces the demand of extending nB in a sense.
Proposal 2：Considering that the rest of resource(except sf#0、4、5、9) is most likely to be used for paging repetition and extended nB will have a serious influence on capacity, there is no need to extend the value of nB. 

2.3 Calculation for PF/PO in NB-IOT
The working assumption is to reuse the mechanism as in R13 eDRX as much as possible for the calculation of PF/PO in NB-IOT. From the above discussion of nB extension, it is possible that nB extension is infeasible in NB-IOT. Besides, the resource for paging (the number of subframe used for paging) is limited and transmitting one paging message in NB-IOT may need several subframes, so we should extend paging frame to meet the need of NB-IOT. Therefore the legacy formula of PF is not likely to be used for NB-IOT and the legacy PO calculation can’t adapt to the new PF calculation automatically. Considering that the rest resource can be used for paging repetition and the mechanism of paging for NB-IOT should be easier, a uniform formula of PO is hardly to be expressed in NB-IOT, therefore a fixed subframe is used for initial PO and UE blindly decode the paging repetition.
Here Paging Frame (NB-PF) is only the starting radio frame of PF interval and Paging Occasion (NB-PO) is only the starting sf where there may be P-RNTI transmitted on NB-PDCCH addressing the paging message within PF interval. The initial paging and paging repetition are transmitted in PTW, and the UE monitors all of the POs by means of DRX in PTW. The formula for PF should consider the interval of the two PFs. The offset of PF within the PTW is uniformly distributed based on UE_ID.The UE and eNB calculate Paging Hyper frame (PH) and paging window by 
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and the length of PTW. Then the UE can get the starting location of PF through calculating with 
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and the interval of PF, which is broadcast by the eNB. The eNB calculates PF of each UE in the same way. The formula for PF should express all the PFs of each UE in the PTW, and all the UEs should be uniformly distributed in the DRX cycle.

NB-PF is determined by the following formula:
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UE_ID: IMSI mod 1024
T is the DRX cycle. 

N is the number of 
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Once the time domain position of NB-PSS, NB-SSS, NB-PBCH and NB-SIB1 are decided, the time domain position of initial PO should also be decided without ambiguity, e.g. as illustrated in Figure 2, if NB-SIB1 occupies 6 continuous subframes, the initial NB-PO could occur on subframe#4 of radio frame#4; or if NB-SIB1 occupies all sf#4, the initial NB-PO could occur on sf#5 of radio frame#1.

Figure 3 is an example for the calculation of NB-PF.
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Figure 3:  NB-PF and PO
Proposal 3: In PTW, every PF of each UE can be calculated by the following formula: 
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3 Conclusion

Based on the discussion above, for the paging in NB-IOT we propose:

Observation 1:  The available time domain resource for paging occasion in NB-IOT is sparse when sf#0, sf#4, sf#5 and sf9 are reused for paging as in legacy LTE.
Proposal 1: To expand the unit of resource allocation for paging occasion to more than one radio frame in NB-IOT, e.g. 20ms, 40ms, 80ms, or 160ms.
Proposal 2：Considering that the rest of resource(except sf#0、4、5、9) is most likely to be used for paging repetition and extended nB will have a serious influence on capacity, there is no need to extend the value of nB. 

Proposal 3: In PTW, every PF of each UE can be calculated by the following formula: 
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