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1 Introduction

In this document, we analyse the paging window calculation, and conclude that all UEs do not get the same number of paging occasions (POs) within the paging window.
We propose a solution to this.
2 Discussion
From 36.304:



Within a H-SFN, the PW_start for UEs will be at SFN=0, 256, 512 and 760.
PW_end will be L seconds later, at SFN as defined above.

The problem is illustrated with an example:
With TeDRX,H=32, both UE_ID=0 and UE_ID=650 will have their PW_start at SFN=0 (but in different H-SFN)

If L=6, we will (according to the existing formula) have PW_end at SFN=599

If DRX cycle N=256 (T=256):

UE_ID=0: 

PO at SFN 0, 256 and 512, i.e. 3 POs within the paging window.

UE_ID=650:

PO at SFN 138 and 394, but not 650, as this is outside the PW_end at 599, ie 2 POs within the paging window!
We propose that this problem should be corrected, as this “unfairness” may result in e.g. different UE battery consumption and different paging success rate.
Clearly, the problem comes from the fact that the paging window does not coincide with a PO for the UE. So a possible solution could be to redefine the PW_start definition.
Other possible solutions are to round the paging window length down or up to a multiple of DRX cycles. 

If the Paging window length L is rounded up to a multiple of DRX cycles, we get a solution that is even backwards compatible, as UE will still monitor same POs as before. This is achieved with the following formula:
SFN = (PW_start + (FLOOR((L*100)/N)+1)*N - 1) mod 1024
But we are open also to other solutions, which can be seen as more efficient in some other aspect.
3 Conclusion

Based on the discussion in section 2, we ask RAN2 to discuss agree on the following proposal:
Proposal 1 Paging window calculation should be modified such that the paging window length is rounded up to a multiple of DRX cycles ( L = n x T)

A draft CR is provided in [1]
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7.3	Paging in extended DRX


The UE may be configured by upper layers with an extended DRX (eDRX) cycle TeDRX. The UE may operate in extended DRX only if the cell indicates support for eDRX in System Information.


If the UE is configured with a TeDRX cycle of 512 radio frames, it monitors POs as defined in 7.1 with parameter T = 512. Otherwise, a UE configured with eDRX monitors POs as defined in 7.1 (i.e, based on the upper layer configured DRX value and a default DRX value determined in 7.1), during a periodic Paging Window configured for the UE or until a paging message including the UE’s NAS identity is received for the UE during the PTW, whichever is earlier. The Paging Window is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PW_start) and an ending position (PW_end). PH, PW_start and PW_end are given by the following formulae:


The PH is the H-SFN satisfying the following equation:


H-SFN mod TeDRX,H= (UE_ID mod TeDRX,H), where


-	UE_ID: IMSI mod 1024


-	T eDRX,H  : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) and configured by upper layers


PW_start denotes the first radio frame of the PH that is part the paging window and has SFN satisfying the following equation:


SFN = 256* ieDRX, where


-	ieDRX = floor(UE_ID/TeDRX,H) mod 4


PW_end is the last radio frame of the PW and has SFN satisfying the following equation:


SFN = (PW_start + L*100 - 1) mod 1024, where


-	L = Paging Window length (in seconds) configured by upper layers








PF and PO is determined by following formulae using the DRX parameters provided in System Information:


PF is given by following equation:


SFN mod T= (T div N)*(UE_ID mod N)


Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:


i_s = floor(UE_ID/N) mod Ns
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