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Introduction
Idle mode DRX requirements for NB IoT were discussed in RAN2#93bis [1] and NB IoT AdHoc meeting [2], and some of the agreements made were: 
· NB-IoT supports a Cell specific DRX cycle that is configurable and broadcasted, Range {1.28, 2.56, 5.12, 10.24} sec
eDRX cycle, NB-IoT supports {20.48, 40.96, 81.92, 163.84, 327.68, 655.36, 1310.72, 2621.44, 5242.88, 10485.76} sec.
· We can apply eDRX system solution to NB-IoT, and we can apply to NB-IoT PTW decisions that are made for the system level. 
· Align the Paging Window length to a multiple of the DRX cycle for NB-IoT.
· The said DRX cycle is the DRX cycle broadcasted in the cell
In this contribution, we further discuss the idle mode DRX procedure in NB IoT.
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The paging procedure is performed by eNB to notify the UEs about incoming sessions and system information changes. A UE listens for paging messages addressed to its IMSI/S-TMSI value in its configured Paging Occasions (PO). When the UE finds a paging message addressed to it, it initiates the system access procedure for connection establishment.
eDRX Procedure
UE can configure extended DRX (eDRX) mode to reduce its power consumption due to frequent checks for Paging messages. When configured with eDRX, UE monitors for paging messages only in specific Hyper-frames, called Paging Hyper-frame (PH), which satisfy the following equation,
H-SFN mod TeDRX,H= (UE_ID mod TeDRX,H)
Here, TeDRX,H is the eDRX cycle length in Hyper-frames and UE_ID = IMSI mod 1024.
In the selected PH, UE monitors the POs within its configured Paging Transmission Window (PTW) using legacy procedure for Paging Frame (PF) and PO calculation, which is given by,
SFN mod T= (T/N) (UE_ID mod N)
Here, T is the legacy DRX cycle and UE_ID = IMSI mod 1024. N is defined as min{T,nB}, where nB can take any value from {4T, 2T, T, T/2, T/4, T/8, T/16, T/32, ….}
Observation 1 Same value of UE_ID is used for PH and PF calculation.
Using the same value of UE_ID for PH and PF calculation causes highly uneven UE paging load distribution, due to existence of a common divisor between TeDRX,H and T. As the common divisor value increases, significant number of system frames remains unutilized for paging.
For instance, Figure 1 depicts the UE paging load distribution among the available system frames. We have only plotted the results for HSFN=0, but similar results are obtained for other hyper-frames also. Simulation parameters are defined in Table 1 below,
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	 Parameter
	Value/Distribution 

	Legacy DRX Cycle
	Uniformly distributed among the values {128,256,512, 1024}

	nB
	T (i.e. nB has same value as legacy DRX cycle)

	eDRX Cycle 
	Uniformly distributed among the values {2,4,8,16,32,64,128,256,512,1024} hyper-frames

	Paging Window Length
	10.24 sec 

	UE_ID (i.e. IMSI mod 1024)
	 Uniformly distributed between [0,1023]



Note that, the distribution is only expected to get worse with concentration of TeDRX,H distribution towards higher range of values, due to existence of higher value of common divisor between TeDRX,H and T.
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Figure 1  UE paging load distribution when same UE_ID is used for PF and PH calculation. 
Observation 2 Current eDRX procedure for PO calculation results in highly uneven UE paging load distribution.
The UE distribution can be made uniform, if the value of UE_ID used in PH and PTW calculation is not correlated with value of UE_ID used for PF and PO calculation. In Figure 2, for each UE, PH and PTW are determined by randomly selecting a number from 0 to 1023. Another number, selected randomly from 0 to 1023, is used to calculate PF and PO.
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Figure 2  UE paging load distribution when different UE_ID values are used for PF and PH calculation.
Update UE_ID definition for PH and PTW calculation, to ensure even paging load distribution.
A simple solution would be to use (S-TMSI mod 1024) for calculation of PH and PTW, as S-TMSI value is assigned to the UE for entire tracking area. While, (IMSI mod 1024) is continued to be used for PF and PO calculation.
Define UE_ID = S-TMSI mod 1024, for PH and PTW calculation. 
Conclusion
In this contribution we have discussed the issues of Paging Procedure for NB IoT. Following proposals are made in this contribution:
Observation 1	Same value of UE_ID is used for both PH and PF calculation.
Observation 2	Current eDRX procedure for PO calculation results in highly uneven UE paging load distribution.
Proposal 1	Update UE_ID definition for PH and PTW calculation, to ensure even paging load distribution.
Proposal 2	Define UE_ID = S-TMSI mod 1024, for PH and PTW calculation.
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