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1 Introduction

At RAN1#89 it was identified that the NB-IoT NPRACH power control mechanism may lead to high intra-cell UL interference and blocking at the eNB receiver in some worst case scenarios [1]. An email thread [89-01] discussion on this topic has continued but did not reach a consensus on what should be done. In this paper, we continue to discuss this issue and focus on proposing a solution for Rel-14.
2 Discussion
2.1 Problem statement for NPRACH power control
In NB-IoT MAC, it is specified to determine the PREAMBLE_RECEIVED_TARGET_POWER as follows [2],

if NB-IoT:

-
for enhanced coverage level 0, the PREAMBLE_RECEIVED_TARGET_POWER is set to:
 PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)
-
for other enhanced coverage levels, the PREAMBLE_RECEIVED_TARGET_POWER is set corresponding to the max UE output power;
The physical layer procedure is as follows [3],
For the lowest configured repetition level, a narrowband preamble transmission power PNPRACH is determined as 
PNPRACH = min{
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 is the configured UE transmit power for narrowband IoT transmission defined in [6] for subframe i of serving cell 
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 is the downlink path loss estimate calculated in the UE for serving cell 
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. For a repetition level other than the lowest configured repetition level, PNPRACH is set to 
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In short, when using NPRACH resource of CE level 0 to access the network, the UE uses open loop power control according to its estimation of path-loss. On the other hand, when using NPRACH resources of CE level 1 and CE level 2 to access the network, the UE directly transmits at PCMAX,c.
Observation 1: NB-IoT UE transmits a preamble on the NPRACH resource of CE level 0 with path-loss based open loop power control, however it transmits with PCMAX,c on NPRACH resources of CE levels 1 & 2.
In the case that one UE with small path-loss associated to the eNB fails to access the network from NPRACH resource CE level 0 but changes to transmit preamble on other NPRACH resources of CE level 1 or 2 with maximum configured power, it may cause severe interference and block the eNB receiver. There are at least three scenarios would lead to such case happen:
(1) Congestion on the CE level 0, e.g. groups of UEs triggered by the same application or service to generate many simultaneous connection attempts to the eNB.
(2) Existing external uplink interference on CE level 0.
(3) UE cannot receive RAR after it transmits NPRACH preamble on CE level 0.
As Figure 1 illustrates, there are two UEs which are accessing the network, with UE1 located at the cell edge and UE2 located in the cell center. If UE2 in the cell center fails to access the network with NPRACH CE level 0 and changes to NPRACH CE level 1 or 2 with configured maximum power, it may block other UEs in those levels.
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Figure 1 An example of the problem of NPRACH power control
Observation 2: In the case an NB-IoT UE with small path-loss associated to the eNB fails to access the network from NPRACH resource CE level 0, it may cause severe enough interference to block the eNB receiver when it changes to transmit preambles on CE level 1 or 2 with maximum configured power.
2.2 Necessity of NPRACH power control improvement
The NB-IoT UE selects the initial NPRACH resource CE level by NRSRP estimation. The measurement inaccuracy of NRSRP is 6 dB for a normal coverage UE [4] and far less than the in-band emission requirement [5], which means those UEs located in CE level 0 wrongly selecting CE level 1 due to measurement inaccuracy will not cause significant interference at the eNB receiver. The UE transit power with path-loss based open loop power control is illustrated in Figure 2 assuming three different P0, considering 6 dB measurement inaccuracy for CE level 0 UE, UE transmits more than required power only in the case P0=120 dBm and the additional interference is very limited.
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Figure 2 The UE transmit power due to path loss based open loop power control 
Observation 3: UE in CE level 0 wrongly selecting CE level 1 due to NRSRP measurement inaccuracy does not result in significant interference at eNB receiver.
But for those scenarios listed in section 2.1, it still has the risk of a UE with small path-loss but transmitting NPRACH preamble at maximum configured power without power control in the other CE levels. Although the network could perform some configurations to avoid such issues in theory, for example, configuring more NPRACH resource to relieve the congestion, the traffic model from the application layer cannot be anticipated, and such pre-configuration will waste much NPRACH resource. Or it could configure a large back-off timer to distribute the simultaneous connections, but this also results in latency impact when there are not such peak level connections being injected into the system. If it were to configure the same value for maxNumPreambleAttemptCE and PreambleTransMax [6], that would stop a UE in CE level 0 changing to other levels, but obviously it will lose some flexibility for those UEs which can perform more attempts on other CE level resource. It is undesirable, and unnecessary, for NB-IoT to have to use constrained configurations when the physical and MAC layers can be updated in Rel-14 to avoid such constraints.
Observation 4: Relying on pre-configurations to avoid UEs in CE level 0 transmitting NPRACH preamble on other CE levels is not efficient from a system point view.
The current NPRACH preamble using maximum configured power for CE level 1 and 2 without open loop power control is intended to ensure the performance of those UEs located in extended coverage and benefits their battery life. Hence the root problem of the above issue is the UE with small path-loss located in CE level 0 directly transmitting at maximum configured power without path-loss based open-loop power control when using NPRACH resource of CE level 1 & 2.
Observation 5: The root of the problem is the UE with small path-loss located in CE level 0 directly transmitting NPRACH at maximum configured power without path-loss based power control when using NPRACH CE level 1 or 2.
2.3 Proposed NPRACH power control improvement
NPRACH is introduced for non-anchor carriers in Rel-14, therefore we propose an improved NRACH power control method for Rel-14 based on above discussion.
Proposal 1: For a Rel-14 UE on a non-anchor carrier which has changed from NPRACH level 0 in a RACH procedure, use the NPRACH level 0 power control  and power ramping procedure in the new NPRACH level, i.e. based on path-loss with power ramping. 
Proposal 2: For a Rel-14 UE on non-anchor carrier which has not changed from NPRACH level 0, use the Rel-13 NPRACH power control scheme for the respective level.
Proposal 3: Prepare a CR to section 16.3.1 of TS 36.213 and send LS to inform RAN2 accordingly. 

3 Conclusions
In this paper we describe the current mechanism of the NPRACH power control, and propose an solution to improve the scheme to avoid possible interference issue. The following proposals are made.
Observation 1: NB-IoT UE transmits a preamble on the NPRACH resource of CE level 0 with path-loss based open loop power control, however it transmits with PCMAX,c on NPRACH resources of CE levels 1 & 2.
Observation 2: In the case an NB-IoT UE with small path-loss associated to the eNB fails to access the network from NPRACH resource CE level 0, it may cause severe enough interference to block the eNB receiver when it changes to transmit preambles on CE level 1 or 2 with maximum configured power.
Observation 3: UE in CE level 0 wrongly selecting CE level 1 due to NRSRP measurement inaccuracy does not result in significant interference at eNB receiver.
Observation 4: Relying on pre-configurations to avoid UEs in CE level 0 transmitting NPRACH preamble on other CE levels is not efficient from a system point view.
Observation 5: The root of the problem is the UE with small path-loss located in CE level 0 directly transmitting NPRACH at maximum configured power without path-loss based power control when using NPRACH CE level 1 or 2.
Proposal 1: For a Rel-14 UE on a non-anchor carrier which has changed from NPRACH level 0 in a RACH procedure, use the NPRACH level 0 power control  and power ramping procedure in the new NPRACH level, i.e. based on path-loss with power ramping. 
Proposal 2: For a Rel-14 UE on non-anchor carrier which has not changed from NPRACH level 0, use the Rel-13 NPRACH power control scheme for the respective level.
Proposal 3: Prepare a CR to section 16.3.1 of TS 36.213 and send LS to inform RAN2 accordingly. 
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