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1 Introduction

One remaining open issue for eMTC is narrowband selection at paging. This was discussed during RAN2 email discussion “[92#40][LTE/MTC] Remaining paging issues”. 

In this document we present a solution that distributes the paging opportunities evenly among radio frames and narrowbands.
2 Discussion
The existing formulae for paging [1] are copied here:
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)


(1a)
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




(1c)
A formula for narrowband selection should be designed such that all narrowbands are evenly used. E.g., using




i_nb = UE_ID mod Nnb





(1b)



i_nb

Narrowband index



Nnb

Number of narrowbands for paging, range 1..16
results in that single (or few) narrowbands are used in each Paging Frame, PF

Other hash function may allocate more narrowbands per PF, but not in an evenly distributed manner.

Another way is to replace the DRX cycle N in the formulae by 




N’ = N * Nnb

We get
SFN mod T= (T div N)*(UE_ID mod N’) 


(2a)
i_s = floor(UE_ID/N’) mod Ns




(2c)
For narrowband selection, we then could use
I_nb = floor ((UE_ID  mod  N’ ) / N )



(2b)
Our tests show that (as can also be intuitively understood), in case N’>1024, UE_IDs are evenly distributed among all PFs within the DRX cycle N, however not all narrowbands are used.
Instead, if we “reverse” the formulae as below, we get better properties.

SFN mod T=  T div (N)*floor ((UE_ID  mod  N’ ) / Nnb)
(3a)
i_nb = (UE_ID  mod  N’ )  mod Nnb



(3b)
i_s = floor(UE_ID/ N’) mod Ns




(3c)
With these formulae (for the case N’>1024), for “lower” SFNs in the DRX cycle N, UE_IDs are evenly distributed among all Nnb narrowbands. No UE_IDs are allocated to the “higher” SFNs in the DRX cycle. However, this “clustering” of PFs can be spread by setting the parameter T to a value greater than one.
We propose that RAN2 agree to use these formulae for paging in eMTC.
3 Conclusion

In this document, we have studied the properties of some alternative solutions for narrowband selection at paging.

We propose the following:
Proposal 
Introduce the formulae 3a, 3b, 3c for PF, NB and PO selection in eMTC.
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