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1 Introduction
In RAN2#93 meeting, the following agreements about Paging for NB-IOT were achieved:

	· The maximum paging eDRX cycle of the UE is 1024 hyperframes. 

· The UE monitors the NB-PDCCH with the P-RNTI for paging.

· The Paging Occasion refers to the starting sub-frame of the NB-PDCCH repetitions.
· NB-IoT supports paging multiplexing, i.e. paging multiple UEs at the same time, i.e. schedule multiple paging records in one paging message.


In this contribution, PF/PO in NB-IOT is discussed further.

2 Discussion
2.1 Sparse paging occasions in NB-IOTIn 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 design for NB-IOT PSSS/SSS/PBCH, from time domain perspective, NB PSS/SSS/PBCH occupy more symbols of one subframe than those 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 or two subframe NB-SSS depending on NB-SSS period 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 (for the case of 10ms NB-SSS period).
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Figure 2: Examples of resource allocation in 80 ms
As shown in the subframe pattern in Figure2, sf#0 in every frame has been used for NB-PBCH transmission; sf#5 in every frame has been used for NB-PSS transmission; sf#9 has been determined to use for NB-SSS transmission, but corresponding NB-SSS period (i.e., 10ms or 20ms) was not agreed. Based on the assumptions, sf#4 is also used for NB-SIB1 transmission. Specifically sf#4 in every even or odd frame of transmission windows (including 16 continuous frames) in which NB-SIB1 transmitted would be used for NB-SIB1 transmission. If NB-SSS period is determined to be 20ms, sf#4 and sf#9 are available as PO within a period of 20ms. If NB-SSS period is determined to be 10ms, only one subframe (sf#4) is available as PO within a period of 20ms, that is, 4 subframes are available as PO within a period of 80ms. Therefore, we should extend paging frame to meet the need of NB-IOT. It’s reasonable to consider paging occasions within a more flexible and longer cycle, e.g. 20ms, 40ms, 80ms, 160ms etc.
Observation 1: The available time domain resource for paging occasion in NB-IOT is sparse, because at most sf#4 and sf#9 can be used for paging.
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 Calculation for PF/PO in NB-IOTThe 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, the time domain length of PF in NB-IOT (NB-PF) might be 20ms, 40ms, 80ms, or 160ms, etc. Considering that only sf#4 and sf#9 are used for paging, and maybe sf#4 in every even/odd frame used as POs, it means that PO occurs at the first available sf#4/sf#9 within NB-PF, and might not occur at sf#4/sf#9 of the starting SFN in NB-PF. Therefore, Paging Frame (NB-PF) can indicate the starting radio frame of NB-PF and Paging Occasion (NB-PO) is only the starting subframe where there may be P-RNTI transmitted on NB-PDCCH addressing the paging message within NB-PF.
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 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 duration of PF, which is broadcast by the eNB or as the default value. The eNB calculates NB-PF of each UE in the same way. The formula for NB-PF should express all the NB-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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Where:
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. 
UE_ID: IMSI mod 1024
T is the DRX cycle. 
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Figure 3 is an example for the calculation of NB-PF.
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Figure 3:  NB-PF and PO
Proposal 2: In PTW, every PF of each UE can be calculated by the following formula: 
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. 
UE_ID: IMSI mod 1024
T is the DRX cycle. 
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This formula can be used to decide the starting radio frame for NB-PF in every T within PTW, and the parameter K2 as the offset to make UEs distribute uniformly in every T within PTW. 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. To align with the format of subframe pattern in legacy LTE, adapting to the needs of NB-IOT, we propose the following new mapping between i_s and PO for different Ns. UE can get a suitable PO by calculation based on the following new mapping. If UE gets sf#4 or sf#9 as initial PO by calculation, it means that PO occurs at the first available sf#4 or sf#9 within NB-PF, which may occur in the current SFN or the next SFN.
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	sf#4
	N/A
	N/A
	N/A

	2
	sf#4
	sf#9
	N/A
	N/A

	4
	sf#4
	sf#4
	sf#9
	sf#9


Table 1: The new mapping between i_s and PO for different Ns
Proposal 3: In NB-IoT, the following PO mapping is proposed:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	sf#4
	N/A
	N/A
	N/A

	2
	sf#4
	sf#9
	N/A
	N/A

	4
	sf#4
	sf#4
	sf#9
	sf#9


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, because at most sf#4 and sf#9 can be used for paging.
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: In PTW, every PF of each UE can be calculated by the following formula: 
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. 
UE_ID: IMSI mod 1024
T is the DRX cycle. 
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Proposal 3: In NB-IoT, the following PO mapping is proposed:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	sf#4
	N/A
	N/A
	N/A

	2
	sf#4
	sf#9
	N/A
	N/A

	4
	sf#4
	sf#4
	sf#9
	sf#9
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