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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 it is desired to finalize the RAN4 decision on this requirement.
This paper shares Intel’s view on this topic.
2
Discussion

2.1
Background

The current absolute power control tolerance requirement for NB-IoT re-uses the legacy LTE definition, which is given in Clause 6.3.5.1 in TS36.101 [6]:
[image: image1.png]Absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first
sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than
20ms. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in
subclause 9.1 of TS 36.133)

In the case of a PRACH transmission, the absolute tolerance is specified for the first preamble. The absolute power
tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in subclause 9.1 of
TS 36.133).




However, the legacy description utilizes terms, such as RSRP and PRACH, which are not applicable to NB-IoT.  Furthermore, additional issues were identified with re-using the legacy requirement, as captured in the Way Forward approved during RAN4 #82 [2]:


[image: image2]
The proposal in [3] suggests using the following values for the tolerance:


[image: image3]
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.
2.2
Concerns associated with the proposed relaxation of absolute power tolerance

We outline some concerns associated with the proposed relaxation of the absolute power tolerance requirement, as proposed in [7].  TS36.133 provides the following definitions of NRSRP accuracy [3]:

[image: image4.png]Table 9.1.22.1-1: NRSRP Intra frequency absolute accuracy for UE Category NB1 for HD-FDD
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NOTE 1:lo is assumed to have constant EPRE across the bandwidth.
NOTE 2:E-UTRA operating band groups are as defined in Section 3.5.
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NOTE 1:lo is assumed to have constant EPRE across the bandwidth.
NOTE 2:E-UTRA operating band groups are as defined in Section 3.5.





These values were derived from simulations of RSRP accuracy under different propagation conditions and assumptions about the RSRP estimator algorithm.  One set of results, as an example, is provided from [8]:
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Figure 1: NRSRP accuracy in ETU-1Hz [8]
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.

Because the RSRP distribution is not zero-mean, its relationship to the selection of the UE’s transmit power should be examined.  The definition of power control for NB-IoT is given in Clause 16.2 of TS36.213 [3]. Of greatest interest is the following requirement: 
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Thus, when the UE is in enhanced coverage (SNR < -6 dB), and it undergoes the random access procedures to the network, it is not likely to be scheduled for NPUSCH with a repetition level (RL) equal to 2 or 1; it is more likely to be scheduled with a higher repetition level, which requires the UE to transmit at P_CMAX.
In the less likely case when the UE is in enhanced coverage and is scheduled for NPUSCH with RL ≤ 2, the positive bias present in the NRSRP estimator is a factor in the selection of the output power.  In the extreme case, when the UE is in SNR conditions approaching -15 dB, the large positive bias in the NRSRP estimate implies that the UE’s estimate of NRSRP is higher than the actual value by up to 5 dB (at least according to the analysis in [8]).  If the UE has overestimated NRSRP, then it is likely that it has underestimated the path loss to the eNB.  An underestimated path loss may result in a selection of P_NPUSCH which is too low in power to be correctly decoded by the eNB, thereby resulting in a failed transmission and a subsequent retransmission.  Such an outcome has a negative impact on the overall network resource utilization efficiency and on the UE power consumption.
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.
2.3
Proposals to define absolute power tolerance for NB-IoT

In an effort to avoid potential reductions in the overall network resource utilization efficiency and potential increases in UE power consumption, some alternative proposals are submitted here for discussion.

The NB-IoT specification defines NRSRP thresholds, which are used by the UE to select the NPRACH resources.  In TS36.331 the NPRACH-ConfigSIB-NB field is defined as [4]:

[image: image8.png]rsrp-ThresholdsPrachinfoList

The criterion for UEs to select a NPRACH resource. Up to 2 RSRP threshold values can be signalled. The first
element corresponds to RSRP threshold 1, the second element corresponds to RSRP threshold 2. See TS 36.321 [6].
If absent, there is only one NPRACH resource.





Clause 16.3.1 of TS36.213 [3] specifies the following NPRACH power level selection:

[image: image9.png]The following steps are required for the L1 random access procedure:
- Layer 1 procedure is triggered upon request of a narrowband preamble transmission by higher layers.
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- The narrowband preamble s transmitted with transmission power Pxprac commencing on the indicated
NPRACH resource. The narrowband preamble is transmitted for the number of NPRACH repetitions for the
associated NPRACH repetition level as indicated by higher layers.




We note that in the case of NPRACH transmissions, NRSRP thresholds are employed to require the UE to utilize P_CMAX for all but the lowest configured repetition level.  Furthermore, once the UE performs the NPRACH procedure, the network has the knowledge about which NPRACH resource was used and can infer whether the UE used the lowest set (which allow the UE to utilize open loop power control for NPRACH) or higher sets (which require the UE to transmit at P_CMAX).  It is straightforward to assume that the network can use this information in assigning the NPUSCH resources, including NPUSCH RL.
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.

Thus, one option is to recognize this relationship between NPRACH and NPUSCH procedures.

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.
A further strengthening of Option 1 is to explicitly link the power level selection for NPRACH with the NPUSCH.

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 if the measured RSRP is below this threshold, then the UE is required to transmit at P_CMAX. In this case, a separate value of the output power tolerance for the range -15 dB ≤ Ês/Iot < -6 dB is not defined.
Adding further complexity, a new threshold could be introduced to apply to NPUSCH procedures.

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

Another possible approach is to apply unequal tolerance limits to account for the bias in the NRSRP estimator.
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.
Recognizing that Option 3 may require significant core specification changes, we can exclude it from further proposals in the Rel-13 scope.

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.
2.4
Handling NPRACH

In legacy LTE the absolute power tolerance specification also applies to the initial PRACH transmission.  In the case of NB-IoT this case should be handled as well.  Because the specification already defines the rsrp-ThresholdsPrachInfoList IE, Option 1 in the above discussion applies in this case.
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.
3
Conclusions

This paper has described the power control procedures for NPUSCH and addressed the topic of defining the requirement for the absolute power tolerance; the following observations and proposals have been made:
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.
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In current spec (36.101-d61), NB-IoT reuses the legacy LTE requirements for absolute power tolerance;


The legacy requirements assume that the DL SNR is ≥-6 dB;


As per 36.133-d60, NB-IoT UE needs to work below -6 dB (down to -15 dB) and at this SNR range, the NRSRP accuracy decreases;


New requirements for absolute power tolerance are needed in order to reflect the extended work range. Otherwise, the current requirements may not be met for UEs at low SNR (i.e. <-6 dB);


Detailed analysis in: R4-1701265


The legacy LTE absolute power tolerance requirements shall apply when the UE is with the radio condition of SNR ≥-6 dB;


For -15 ≤SNR<-6 dB, new absolute power tolerance is FFS;


 An example new table is below





Conditions�
Tolerance�
�
�
Ês/Iot ≥ -6 dB�
-15 dB ≤ Ês/Iot < -6 dB�
�
Normal�
±9.0 dB�
TBC�
�
Extreme�
±12.0 dB�
TBC�
�






6.3.5F.1	Absolute power tolerance


The minimum requirement for absolute power tolerance is given in Table 6.3.5F.1-1 over the power range bounded by the Maximum output power as defined in subclause 6.2.2F and the Minimum output power as defined in subclause 6.3.2F.


Table 6.3.5F.1-1: Absolute power tolerance


Conditions�
Tolerance�
�
�
Ês/Iot ≥ -6 dB�
-15 dB ≤ Ês/Iot < -6 dB�
�
Normal�
±9.0 dB�
±13.3 dB�
�
Extreme�
±12.0 dB�
±16.3 dB�
�










