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1	Introduction
In RAN2#105, the discussion on paging configuration when nB values happen to be fractional continued. Please see the meeting minutes below for the related discussion:

R2-1901523	Report of [104#48][eMTC R13] Paging configurations and fractional nB value (Sequans)	Sequans Communications	discussion	LTE_MTCe2_L1-Core
· Huawei thinks the solution they have proposed also help mitigating CSS overlap (regarding the outcome for Q3)
· QC wonders if it is possible for the network to configure so that nB < 1 is avoided for all posible DRX cycles.
· Ericsson, Intel, QC and Sequans would like to find a solution so that relatively shorter DRX cycles can also be used.
· Huawei thinks it is a bit late to specify a solution for Rel-13, e.g. an update in UE behaviour to avoid any proposal that will lead to nB < 1
· ZTE thinks it can be left for UE implementation for Option 0.
· Huawei wonders which release a solution should be specified in case RAN2 agrees to specify a solution.
· QC thinks Rel-16 which can be implemented from Rel-13 on.
· Ericsson thinks this depends on the solution, i.e. whether it only requires a change in UE behaviour. 
· Huawei thinks that signaling such as capability indication from the UE, is required if the solution impacts both the network and the UE.
· 
R2-1901525	Correction on paging with fractional nB_Option1	Sequans Communications	CR	Rel-13	36.304	13.8.0	0759	1	F	LTE_MTCe2_L1-Core	R2-1817339
R2-1901538	Correction on paging with fractional nB_Option2	Sequans Communications	CR	Rel-13	36.304	13.8.0	0760	1	F	LTE_MTCe2_L1-Core	R2-1817343

[CB offline 402] To discuss the solutions and conclude on a solution to address the problem and from which release it should be specified. (Sequans)
R2-1902686	Solutions for Paging configurations and fractional nB value Sequans Communications

	Option 0: Restrict the UE to propose a value to the MME which leads to nB < 1.
	Option 1: In case the existing calculation (T=min (UE specific T, default T) ) would lead to nB<1, T is set to “T/nB” (corresponding to the broadcasted codepoint: e.g. nB=T/64 -> T=64), i.e. to the smallest DRX cycle value such as nB=1. nB is always >=1 (R2-1817339)
	Option 2: The UE DRX cycle is set so that enough paging repetitions are available depending of UE coverage conditions. The “useful part” of paging CSS does not overlap. nB might be <1 (R2-1817343)
	Option 3: In case the existing calculation (T=min (UE specific T, default T) ) would lead to nB<1, T is set to default T (variant from Option 1). nB is always >=1.
- Sequans reported that offline discussion did not reach consensus.
- Intel prefers Option 3.
- Nordic Semiconductor prefers Option 2 since there seems to be configurations existing in deployed network which leads to nB*N < 1.
- Nokia prefers Option 2.
- QC thinks selection of paging cycles should not depend on coverage level.
RAN2 will continue to discuss options 1 and 2.
In this contribution, we discuss the options and the impacts on the UE and the network, and propose a way forward.

[bookmark: _Ref178064866]2	Discussion
When DRX is used UE needs to monitor only one PO per DRX cycle and one Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception as captured in [2]. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on MPDCCH, whereas one Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s).
PF, PO, and PNB are determined by the following formulae using DRX parameters provided in System Information broadcast [2]:
PF is given by the following equation:
SFN mod T= (T div N)*(UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined in subclause 7.2 is derived from the following calculation:
i_s = floor(UE_ID/N) mod Ns
If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:
PNB = floor(UE_ID/(N*Ns)) mod Nn

In [1] it was observed that default T and T/nB should be configured such that nB >= 1 to avoid ambiguity in UE behaviour. RAN2 acknowledged that eNB should avoid providing a configuration that may lead to fractional nB values, however this would limit the set of possible DRX cycle values that can be configured especially if CE mode B is supported in the cell. UE can request a UE specific DRX cycle from the MME which may lead to the problematic situation as the value can not be configured by the eNB. As stated in subclause 5.13 in TS 23.401 [3] on UE specific DRX cycles: UE can indicate a DRX cycle value to the MME during e.g., attach procedure. The UE may prefer to use the default DRX cycle value broadcasted in system information, i.e., no indication, or it may propose a DRX cycle value which is required to be accepted by the MME.

[bookmark: _Toc5409974]UE may request a UE specific DRX cycle from the MME and MME is required to accept the value proposed by the UE.

Therefore a solution to avoid fractional nB values is needed. In NB-IoT, it is not possible for a UE to request a UE specific DRX cycle, i.e. default DRX cycle broadcasted by the network is applied, so the problem can easily be adressed if the eNB avoids improper configuration. 
The UE can request a longer DRX cycle value than the default provided in sysytem information broadcast, but the default DRX cycle value then becomes the actual DRX cycle value  from UE/RAN standpoint. Note that this does not impact the requested reachability from CN standpoint. In TS 36.331, the following DRX cycle values, i.e., T, are specified for UEs camping in the serving cell: 32, 64, 128, 256. The set of values for nB are: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256. In order to make sure that nB >= 1, the following DRX cycle values should be allowed:

· {32, 64, 128, 256} when nB is from the following set of values {4T, 2T, T, T/2, T/4, T/8, T/16, T/32}
· {64, 128, 256} when nB is from the following set of values {T/64}
· {128, 256} when nB is from the following set of values {T/128}
· {256} when nB is from the following set of values {T/256}

[bookmark: _Toc5409975][bookmark: _Hlk5400470]The UE may request a DRX cycle value smaller than the default DRX cycle provided that nB >= 1, e.g. nB = T/64, T_cell = 128, and T can be 64 or 128.

One solution is to change the UE behaviour so that an LTE-M UE would only be able to request a DRX cycle value provided that nB >= 1. This would not impact the formulae given in TS 36.304 which determines PF, PO, and PNB. There is no need for the UE to indicate support or change in eNB implementation either. However, an LS to SA2 is required to capture the behaviour in NAS layer in their specifications. A UE may need to update UE specific DRX cycle depending on the configuration provided in the cell, e.g., after cell reselection, but this is very less likely to happen considering that paging related parameters broadcasted in cells that belong to same tracking area are typical configured with the same values.  We assume this solution is option 0 provided in [4].

[bookmark: _Toc5409976]Option 0 does not have any RAN impact; an LS to SA2 is required to capture the behaviour in NAS layer. 

Option 1 provided in [4] is similar to Option 0 above, but there is no need to involve SA2 since changes in NAS layer are avoided by introducing changes in the formulae provided in [2]. This would mean both UE and eNB implementations to be updated and UE capability information is required to indicate support. In this solution UE requests a DRX cycle from the MME. If the requested DRX cycle would lead to nB < 1, it is adjusted by taking the maximum value of (min(T, nB), 1), e.g. nB = T/64, T_cell = 128, and T requested from the MME is 32. The UE would then assume its T to be T/nB, e.g. 64. Since this would be transparent to the CN, it would assume that the UE is reachable based on the requested DRX cycle value, e.g., 32, however it would in fact be reachable based on the adjusted DRX cycle value, e.g. 64.

[bookmark: _Toc5409977]Option 1 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF, PO, and PNB, capability information.
[bookmark: _Toc5409978]UE reachability based on the requested DRX cycle value is misleading from CN standpoint.

Option 3 provided in [4], is similar to Option 1 above, but if the requested DRX cycle would lead to nB < 1, it is set to the default value, e.g. 128, instead. UE reachability based on the requested DRX cycle value is also misleading from CN standpoint in this case, however it is much worse compared to Option 1.


[bookmark: _Toc5409979]Option 3 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF, PO, and PNB, capability information.
[bookmark: _Toc5409980]UE reachability based on the requested DRX cycle value is misleading from CN standpoint, however it is much worse compared to Option 1.

If Option 0, 1 or 3 is introduced e.g. in Rel-16 with possible implementation for early releases, there will be no impact on a legacy UE that does not implement the introduced solution. But this would mean that there would either be a chance that CSS of a paging occasion may overlap with CSS of a consecutive paging occasion or the network avoids such overlap by avoiding a configuration that may lead to fractional nB values. However the latter would limit the set of possible DRX cycle values that can be configured especially if CE mode B is supported in the cell considering that some applications, e.g. voice, e-Health, may require short DRX cycles. If the former is assumed and the solution to be introduced, e.g., Options 0,1, or 3, is not mandated from Rel-13 on, it is possible that CSS of a paging occasion may overlap with CSS of a consecutive paging occasion for such UEs. 
Another solution, say Option 4, can then be to let paging CSSs to overlap where necessary, i.e. possible to have a fractional nB value. If it happens that a separate paging message is to be transmitted in the next paging occasion whose CSS overlaps with the previous due to the number of repetitions required to be transmitted, it is up  to the network to decide whether transmission for repetitions are interruped, assuming that it was enough for the UE to decode, or delay the transmission of the other paging message which is supposed to be transmitted in the consecutive paging occassion. One should of course make sure that POs calculated by the formula provided the same set of values for UE and NW to avoid any mismatches. Option 2 provided in [4] is not clear to us, but we assume the solution described above, i.e. Option 4, is not Option 2 provided in [4]. Please see Figure 1 below for an illustration:

[image: ]
Figure 1. Scheduling the paging messages

The solution has an impact on the eNB and assuming that POs calculated by the formula provided the same set of values for UE and NW also when nB < 1, no capability information is needed. The solution does not require connection establishment in case CE level changes.

[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc5411339]It is up to the network to configure the paging parameters so that it is possible for a UE to request a DRX cycle value that would lead to nB < 1 assuming that paging messages are scheduled accordingly in case CSSs to monitor paging for consecutive POs overlap.

3	Conclusion
In this contribution, we discussed the options and the impacts on the UE and the network, and proposed a way forward. The following observations were made: 
Observation 1	UE may request a UE specific DRX cycle from the MME and MME is required to accept the value proposed by the UE.
Observation 2	The UE may request a DRX cycle value smaller than the default DRX cycle provided that nB >= 1, e.g. nB = T/64, T_cell = 128, and T can be 64 or 128.
Observation 3	Option 0 does not have any RAN impact; an LS to SA2 is required to capture the behaviour in NAS layer.
Observation 4	Option 1 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF, PO, and PNB, capability information.
Observation 5	UE reachability based on the requested DRX cycle value is misleading from CN standpoint.
Observation 6	Option 3 has RAN (both UE and eNB) impact, e.g., formulae in [2] to determine PF, PO, and PNB, capability information.
Observation 7	UE reachability based on the requested DRX cycle value is misleading from CN standpoint, however it is much worse compared to Option 1.

Based on the discussion in the section above, we propose the following:
Proposal 1	It is up to the network to configure the paging parameters so that it is possible for a UE to request a DRX cycle value that would lead to nB < 1 assuming that paging messages are scheduled accordingly in case CSSs to monitor paging for consecutive POs overlap.
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