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1
Introduction
The discussions on absolute power control tolerance requirement for Rel-13 NB-IoT [1] UEs in enhanced coverage have been ongoing, and the related discussion with proposals has been submitted in [6].  This issue applies to Rel-14 eNB-IoT as well: all aspects can be re-used from Rel-13; however, there are additional aspects associated with Power Class 6 UEs.

This paper shares Intel’s view on the additional aspects to [6], which are specific to Rel-14 eNB-IoT.
2
Discussion

For completeness, we provide the observations and proposals from the Rel-13 paper on this topic in [6]:
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For eNB-IoT there is the additional complexity associated with the UE capability of Power Class 6 (PC6), which is specified as 14 dBm.  The Rel-14 version of TS36.304 defines a power class-dependent offset on the cell reselection criterion for NB-IoT:
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The cell selection criterion S is fulfilled when:

Srxlev>0 AND Squal >0
where:
Srxlev = Quuevmess — Qeuievmin — Pcompensation - Qoffseticay

Squal = Qquincss ~ Qquinin - Q0ffSetiy

where:

Srxlev. Cell selection RX level value (dB)

Squal Cell selection qualty value (dB)

Qoffsetens Offset temporarily applied to a cell as specified in [3] (dB)

Quievmess Measured cell RX level value (RSRP)

Quiness Measured cell quality value (RSRQ)

Quteurin Minimum required RX level in the cell (dBm)
If UE is not authorized for enhanced coverage and Qoffsetasisionis
valid then Quems = Qe + QOffSelysprraten-

Quauaimin Minimum required quality level in the cell (dB)

Pcompensation If the UE supports the additionalPmax in the NS-PmaxList-NB, i
present, in SIB1-NB, SIB3-NB and SIBS-NB:

max(Peusxt ~Proercis, 0) = (MiN(Pesune, Proserciss) — Min(Penuaxs,
Proucuss)) (dB);

else:

if Prowscas 1S 14 dBm:

Max(Peusxs ~(Provercass — Poffset), 0) (dB);

else:

max(Pewss ~Prosrcis, 0) (dB)

Pewcr, Pawe Maximum TX power level an UE may use when transmitting on the
uplink in the cell (4Bm) defined as Pewin TS 36.101 [33]. Paux and
Peuse are obtained from the p-Max and the NS-PmaxList-NB
respectively in SIB1-NB, SIB3-NB and SIB5-NB as specified in TS
36.331[3).

[ Maximum RF output power of the UE (dBm) according to the UE
power class as defined in TS 36.101 [33]





The value of Poffset is signaled in the SIB1-NB field [4]:
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Parameter “Poffset’ in TS 36.304 [4]. powerClass14dBm-Offset is only applicable for UE supporting powerClassNB-
14dBm. If absent, the UE applies the (default) value of 0 dB for “Poffset” in TS 36.304 [4].





This offset is used to reduce the RSRP threshold for cell re-selection, which allows the network to avoid the situation where the PC6 UE can receive downlink transmissions and measure NRSRP yet not have enough power to successfully deliver NPRACH transmissions to the network.  In the case of determining the power level of the initial NPRACH and NPUSCH transmission, this offset should also be applied to the RSRP thresholds described in Options 1, 2, and 4 of [6].

Proposal 1: For eNB-IoT PC6 UEs, whether Option 1 or Option 2 from [6] is used, the network-configured power class offset should be applied to rsrp-ThresholdsPrachInfoList IE in order to allow the UE to correctly determine the power of the initial NPRACH transmission.
Proposal 2: If the Rel-13 resolution to this issue is Option 2 in [6], then for eNB-IoT PC6 UEs the network-configured power class offset should be applied to the RSRP threshold used to determine the power of the initial NPUSCH transmission.
3
Conclusions

This paper has described the impact of Power Class 6 on the power control procedures for NPUSCH and NPRACH and addressed the topic of defining the requirement for the absolute power tolerance for eNB-IoT PC6 UEs; the following observations and proposals have been made:
Proposal 1: For eNB-IoT PC6 UEs, whether Option 1 or Option 2 from [6] is used, the network-configured power class offset should be applied to rsrp-ThresholdsPrachInfoList IE in order to allow the UE to correctly determine the power of the initial NPRACH transmission.

Proposal 2: If the Rel-13 resolution to this issue is Option 2 in [6], then for eNB-IoT PC6 UEs the network-configured power class offset should be applied to the RSRP threshold used to determine the power of the initial NPUSCH transmission.
4
References
[1] RP-160933, “Narrowband IoT,” Huawei, 3GPP RAN #72, June 2016
[2] RP-161901, “Enhancements of NB-IoT,” Huawei, 3GPP RAN #73, September 2016

[3] TS36.213

[4] TS36.331

[5] TS36.133

[6] R4-1704671, “On absolute power control accuracy requirement for NB-IoT,” Intel Corporation, 3GPP RAN4 #83, May 2017
Observation 1: The proposed relaxation of the absolute power tolerance in R4-1703738 implies that there is the potential for UEs to select the initial power for their transmissions out of a range of ~26 dB, under normal conditions.  This may not be desirable behaviour for the network.


Observation 2: Overall description of the absolute power tolerance for NB-IoT and handling NPRACH is missing in the proposal in R4-1703738.


Observation 3: At low SNR conditions (whether due to low signal strength because of high path loss or due to high levels of interference), the NRSRP estimator becomes biased.  Figure 1 above shows the bias of the RSRP estimator to range between 5 and 6 dB at the SNR = -15 dB point; furthermore, this bias dominates the overall absolute accuracy value.





Proposal 1: Underestimation of path loss, when performed by the UE for the purpose of P_NPUSCH calculation when the UE is in open loop power control, should be avoided.





Observation 4: Further examining the proposal in R4-1703738, we observe that there exists the potential to create the conditions for the underestimation of path loss under enhanced coverage conditions.


Observation 5: After completing the NPRACH procedures, the network is informed whether the UE can use open loop power control or P_CMAX for its NPRACH transmission; the network can use this information in assigning NPUSCH resources, including NPUSCH RL, and it is not likely that the network would select RL ≤ 2 for a UE which required an NPRACH resource with P_NPRACH = P_CMAX.





Option 1: The existing NPRACH resource selection criterion, which depends on the proper configuration of the rsrp-ThresholdsPrachInfoList IE, can be relied upon to preclude the situation where the UE is required to utilize P_CMAX for NPRACH transmission and to select its output power in open loop power control for the initial NPUSCH transmission.


Option 2: The existing NPRACH resource selection criterion can be used to define the power of the first NPUSCH transmission: if the measured RSRP is above this threshold, then the open loop equation for output power applies, and a separate value of the output power tolerance for the range -15 dB ≤ Ês/Iot < -6 dB is not defined.


Option 3: A new RSRP threshold which applies specifically to NPUSCH can be defined to implement Option 1; this may require new network signalling.


Option 4: Define the output power tolerance for the range -15 dB ≤ Ês/Iot < -6 dB using unequal limits to account for the bias in the NRSRP estimator.  One possibility could be +12/-9.





Proposal 2: The approach described in R4-1703738 is not preferred, and a potential solution can be defined according to Option 1, Option 2, or Option 4.


Proposal 3: The existing NPRACH resource selection criterion, which depends on the proper configuration of the rsrp-ThresholdsPrachInfoList IE, can be relied upon to preclude the situation where the UE is in enhanced coverage and is required to select its output power in open loop power control for the initial NPRACH transmission.









