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1. Introduction
RAN5 sent an LS to RAN4 [1] asking for a guidance regarding UE power control for several scenarios, one of these scenarios is NB-IoT minimum output power.

RAN5 needed a guidance about the testability of NB-IoT minimum output power. The issue for NB-IoT minimum output power is to set a very low UE power level without TPC commands. 

RAN4 sent a reply LS to RAN5[2] with the following answer for minimum output power: 
RAN4 has discussed the topic and want to note that it is RAN4 responsibility to develop core requirements and based on those RAN5 develops test requirements hence RAN4 encourages RAN5 to develop test requirement as sees feasible

This paper describes the potential issue to test NB-IoT minimum output power and present a way forward.

2. Discussion

NB-IoT conformance minimum output power is defined in TS 36.101:

For category NB1 UE the single-tone and multi-tone transmission minimum output power requirement for the channel bandwidth is -40 dBm. For 3.75kHz sub-carrier spacing the minimum output power is defined as mean power in one slot (2ms) excluding the 2304Ts gap when UE is not transmitting. For 15kHz sub-carrier spacing the minimum output power is defined as mean power in one sub-frame (1ms)

Taking into account the power control mechanism available in NB-IoT is open loop power control (no TPC commands) and the UL power control is defined in TS 36.213 as follows:
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is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell 
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is {1/4} for 3.75 kHz subcarrier spacing and {1, 3, 6, 12}for 15kHz subcarrier spacing
-

[image: image5.wmf])

(

c

O_NPUSCH,

j

P

is a parameter composed of the sum of a component 
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. For NPUSCH (re)transmissions corresponding to a dynamic scheduled grant then j=1 and for NPUSCH (re)transmissions corresponding to the random access response grant then j=2. 
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, where the parameter preambleInitialReceivedTargetPower [8] (
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 are signalled from higher layers for serving cell 
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[image: image15.wmf])

(

j

c

a

=1; for NPUSCH format 1, 
[image: image16.wmf])

(

j

c

a

is provided by higher layers for serving cell 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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 = nrs-Power + nrs-PowerOffsetNonAnchor – higher layer filtered NRSRP, where nrs-Power is provided by higher layers and nrs-powerOffsetNonAnchor is set to zero if it is not provided by higher layers and NRSRP is defined in [5] for serving cell 
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 and the higher layer filter configuration is defined in [11] for serving cell 
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And considering the power setting tolerance during test can only achieve a +/- 10dB accuracy, including 9dB absolute power control tolerance as specified in TS 36.101 clause 6.3.5 and an additional 1dB test system uncertainty. The mechanism chosen for minimum output power was to configure a set of parameters in above formula to obtain a PNPUSCH below -50dBm ensuring the UL power was below -40 dBm considering power tolerances.
A potential issue has been identified when PNPUSCH is configured below NB-IoT transmit off power requirement (-50dBm). UEs can have an undetermined behaviour when PNPUSCH is configured in minimum output power test case below -50dBm.

Three options have been identified:
Option 1: Do nothing, current implementation is configuring PNPUSCH below -50dBm (minimum output power requirement – max Tolerance) to ensure UL power is below -40dBm taking into account absolute power control tolerance. Unexpected UE behaviour may occur when PNPUSCH is configured below transmit power off.

Option 2: Configure PNPUSCH with the same power level defined in minimum output power conformance requirement (-40dBm). Setting PNPUSCH as -40dBm, test case limits will need to take into account absolute power tolerance of +/- 10dB, thus, power range considered by test case will be from -30dBm to -50dBm. In that case UL power is always above transmit off power avoiding unexpected UE behaviour. In this scenario, besides the parameters change to update UL power, test requirement needs to be updated as follows:

The minimum output power measured shall not exceed the value of -30 dBm for the channel bandwidth of category NB1 UE

Option 3: define test case 6.3.2F Minimum Output Power for UE category NB1 as not testable in applicability section.
3. Conclusion
It is proposed that RAN5 decides which way forward should be selected to solve the issue described in this paper among the following proposals:

Option 1: Do nothing, current implementation is configuring PNPUSCH below -50dBm (minimum output power requirement – max Tolerance) to ensure UL power is below -40dBm taking into account absolute power control tolerance. Unexpected UE behaviour may occur when PNPUSCH is configured below transmit power off.

Option 2: Configure PNPUSCH with the same power level defined in minimum output power conformance requirement (-40dBm). Setting PNPUSCH as -40dBm, test case limits will need to take into account absolute power tolerance of +/- 10dB, thus, power range considered by test case will be from -30dBm to -50dBm. In that case UL power is always above transmit off power avoiding unexpected UE behaviour. In this scenario, besides the parameters change to update UL power, test requirement needs to be updated as follows:

The minimum output power measured shall not exceed the value of -30 dBm for the channel bandwidth of category NB1 UE

Option 3: define test case 6.3.2F Minimum Output Power for UE category NB1 as not testable in applicability section.
Base on this analysis the recommended proposal is Option 2.
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