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1. Introduction
During eMTC WI (RAN2#93 meeting), it was decided based on discussion of [1] to extend the values of nB parameter:

=>
For MTC UEs and UEs in EC, extend the value of parameter nB to T/64, T/128 and T/256.

As explained in [1] , the rationale for extending the values was that in some cases, there might not be enough paging repetition opportunities during 2 consecutives POs.

However, use of these extended values can lead to a fractional nB parameter. This didn’t seem to be the initial intent, and this contribution analyses potential issues with such configuration. 
2. Discussion
In legacy LTE, nB parameter values are 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, while T is 32, 64, 128, 256 radio frames. Hence, nB is always an integer value. More precisely, nB=2i with i=0,1,2,..,10. From the paging formulas in [2], it can be seen that nB represents the total number of POs per DRX cycle T (nB is a function of the DRX cycle T) (PO being the paging occasion, i.e. PF/PSF, not just the subframe number).
Observation 1: In legacy LTE, nB is always an integer value and represents the total number of POs within T.

The parameter nB/T (which corresponds to the codepoint signaled in ASN.1) can hence be seen as the PO density per radio frame, and does no longer depends on T. For nB/T <=1 (which is the case under interest here), the inverse T/nB is the PO periodicity in radio frames (1, 2, 4, …, 32).

Observation 2: In legacy LTE, nB/T (signaled code point) represents the POs density per radio frame; and P=T/nB represents the POs periodicity (when >=1)
In eMTC, it was decided to extend the values of parameter nB to T/64, T/128 and T/256. In our understanding, and based on RAN2 discussions of [1], the rationale was to allow larger PO periodicities (64, 128, 256) so that enough repetitions could be sent.

Observation 3: In eMTC, values of parameter nB were extended to allow larger periodicities P=64,128,256 RFs

The eNB can configure separately the default DRX cycle T and the parameter nB (equivalently, P=T/nB). A side effect of the extension of nB values is that we can have T < P (i.e. for instance T=64 and nB=T/128). This leads to a fractional nB value (1/2 in that case, but could also be 1/4 and 1/8). From [2], this yields N=nB=0.5, Ns=1 (one PSF per PF), and the PF and PNB are given by

· SFN mod T= (T div N)*(UE_ID mod N)

· PNB = floor(UE_ID/(N*Ns)) mod Nn

Though these equations where initially written assuming integer values for N, they can still be applied, yielding:

· SFN mod T= 0

· PNB = floor(UE_ID*2 j) mod Nn, with j=1,2, or 3.

This seems to have some drawbacks:

· From UE point-of-view, the PO periodicity is now T, not P. Hence if e.g. T=32, the initial goal to have larger periodicities is not reached (the initial intent to increase the PO periodicity to 64, 128 or 256 RFs is only achieved when T is at least 64, 128 or 256 RFs)
· Assuming the NW would still relies on POs with periodicity P, the UE monitors POs which are never used by the NW, leading to a waste of battery power
· UEs may concentrate on some PNBs. For instance, if 2 PNBs are configured, all UEs are on 1 PNB only. If 8 PNBs are configured, and P=256, T=32, all UEs are on the same PNB (the fact that the PO density should be 1/256 has translated into only 1 PNB out of 8 used).

· Given the equations where initially written assuming integer values for N, it is not clear whether all UE/NW implementations would have the same understanding. This could lead to IOT issues.
Moreover, it seems that for a given T, configuring P > T, rather than just configuring P = T, does not bring any benefit. In the above scenario, instead of T=64 and nB=128, configuring T=64 with nB=64 yields the same PFs with no restrictions on PNBs.

From this aspect, it might be safer to not allow configuring T < P.
Proposal 1: Default T and P (T/nB) should be configured such as T >= P (can be discussed as well for NB-IoT)
In eMTC, the DRX cycle T can also be UE specific. Such UE specific DRX cycle is not under NW configuration. From [2]: “T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information”.

Hence, even if eNB configuration is such that default T >= P, it is still possible for a given UE to have T < P, without possible NW control. In such case, fractional nB cannot be avoided. It’s important to clarify what should be the understanding of above formulas.
Proposal 2: When T < P, confirm for legacy releases if the paging formula shall be used with fractional N as is
As detailed above, a problem with these equations is that UEs would not be spread evenly on PNBs as initially intended. More importantly, the initial RAN2 solution to use P=64, 128, or 256 to allow more repetitions is not effective. Such UE may not have enough paging repetitions and may never decode paging DCI. In other words, consecutive paging CSS of the UE would overlap each other. In our understanding, this is not supposed to happen in RAN1 specification and behavior is not specified.
Observation 4: A UE using a specific DRX cycle such as T < P may never accumulate enough repetitions to decode paging DCI, i.e. the initial RAN2 solution of extending nB is not effective in that case.

In NB-IoT, UE specific DRX cycle is not supported so there is no such problem. It could be discussed whether UE specific DRX cycle is required for eMTC. For BL UEs, we believe it can still be useful to cover different types of applications. Moreover, UEs in CE are normal UEs which might benefit from using a specific DRX cycle.
A possible solution could be that the UE updates its specific DRX cycle when changing coverage level. This requires a TAU. However this somehow boils down to indicating coverage level changes to the NW, which was not agreed during initial discussions due to the impact on power consumption. It seems preferable to specify a proper solution.
Proposal 3: Agree on observation 4 and on a solution to handle correctly eMTC UEs with specific DRX cycle 
3. Conclusion 

In this contribution, we make the following observations and proposals:

Observation 1: In legacy LTE, nB is always an integer value and represents the total number of POs within T.
Observation 2: In legacy LTE, nB/T (signaled code point) represents the POs density per radio frame; and P=T/nB represents the POs periodicity (when >=1)
Observation 3: In eMTC, values of parameter nB were extended to allow larger periodicities P=64,128,256 RFs
Proposal 1: Default T and P (T/nB) should be configured such as T >= P (can be discussed as well for NB-IoT)
Proposal 2: When T < P, confirm for legacy releases if the paging formula shall be used with fractional N as is
Observation 4: A UE using a specific DRX cycle such as T < P may never accumulate enough repetitions to decode paging DCI, i.e. the initial RAN2 solution of extending nB is not effective in that case.
Proposal 3: Agree on observation 4 and on a solution to handle correctly eMTC UEs with specific DRX cycle 
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