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Introduction
[bookmark: _Ref421460494]At RAN1#89 it was identified that the NB-IoT Release 13 NPRACH Coverage Enhancement (CE) level ramping functionality may cause high UL intra-cell interference levels which is worst case blocks the eNB receiver [1].
At RAN1#90bis the topic was further discussed and the following high-level working assumption was agreed [2]: 
· Working assumption: introduce the following solutions for Rel-14 to reduce the possible uplink interference caused by the NB-IoT UE which has level ramped from NPRACH level 0 in a RACH procedure. 
· For a Rel-14 UE which has level ramped 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.
· Network can configure a cell-specific Δ additional to the NRSRP threshold of CE level 0 to indicate that the UE shall not perform level ramping when it measures NRSRP higher than “NRSRP threshold of CE level 0 + Δ”, Δ from the set {0, 10, 20, 30} dB.
· The UE above which does not perform level ramping shall consider the Random Access procedure unsuccessfully completed when it fails at the maximum number of attempts (i.e. maxNumPreambleAttemptCE) configured in CE level 0.
· Adopt the solutions above as an optional UE capability.
· FFS how to fix the Msg3 power control for Rel-14 UE measured in CE level 
In this paper we present how these high-level working assumptions best are converted to detailed procedures to be specified in the 3GPP Release 14 specifications. To put the discussion in a context we are also providing a detailed introduction to the Release 13 specified functionality. This paper is a revision of R1-1717028.
Background
NPRACH CE levels
NB-IoT uses repeated transmissions to extend its coverage compared to earlier supported 3GPP radio access technologies. When accessing the system, an UE may, for example, repeat the Narrow Band Random Access Channel (NPRACH) preamble transmission up to 128 times to achieve coverage in the most demanding situations. The NB-IoT radio interface has therefore been designed with up to three separate NPRACH radio resources (CE 0, CE 1 and CE 2) that each is associated with a coverage range and a set of preamble repetitions. 
To select a NPRACH resource the UE measures the downlink received power and based on this and a set of broadcasted signal level thresholds makes a selection of the NPRACH resource to use for its system access, i.e. the number of times the random access preamble should be repeated.
In the following example, assume that an eNB is configured with 43 dBm transmission power, then the power per 15 kHz sub-carrier is ~32 dBm. If CE 1 starts at a coupling loss of 144 dB and CE 2 at a coupling loss of 154 dB then the NRSRP thresholds () may be associated with NRSRP levels of 32 - 144 = -112 dBm and 32 - 154 = -122 dBm as illustrated in the below figure. 


Figure 1 Illustration of NPRACH thresholds.
NPRACH power control
When a UE accesses the system using CE 0, it is mandated to use power control and meet a received power level target at the eNB taking its estimated path loss into account. For CE 1 and 2, the UE is mandated to use repetitions in combination with its maximum configurable power PCMAX,c, which is limited by the allowed power in the cell. In TS 36.213 this procedure is specified as







“For the lowest configured repetition level, a narrowband preamble transmission power PNPRACH is determined as 
PNPRACH = min{,  NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER +  }_[dBm], where  is the configured UE transmit power for narrowband IoT transmission defined in [6] for subframe i of serving cell  and  is the downlink path loss estimate calculated in the UE for serving cell . For a repetition level other than the lowest configured repetition level, PNPRACH is set to .”
TS 36.321 further states that:
“For enhanced coverage level 0, the PREAMBLE_RECEIVED_TARGET_POWER is set to:
 PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)”

The preambleInitialReceivedTargetPower IE can be set to a value between -90 and -120 dBm. numRepetitionPerPreambleAttempt corresponds to the configured repetition level in CE 0.
Let’s for example assume that the device uses 23 dBm power, the numRepetitionPerPreambleAttempt is set to 1 and the preambleInitialReceivedTargetPower is configured to -116 dBm. Then a UE experiencing a coupling loss less than 23 - -116 = 139 dB will down regulate the uplink power. A UE experiencing a coupling loss above 139 dB will use its maximum configurable power to come as close to the targeted power level as possible. 
The below figure illustrates the relation between CE level selection and NPRACH power configuration.



[bookmark: _Ref482089464]Figure 2 Illustration of NPRACH CE level selection and UL open loop power control.
NPRACH Power and CE level ramping
Currently for each CE level a UE may attempt a random access attempt up to K times, where K at most can be configured to 10. In CE0, the UE may ramp up the initial selected power level for each random access attempt. A UE in CE1 or CE2 always uses full power to transmit NPRACH and can hence not use power ramping. Moreover, after reaching the maximum attempts K of sending NPRACH in a CE level N, if a UE does not receive any random access response from the eNB, the UE would ramp up to CE level N+1, and use the resource of CE level N+1 to continue sending the NPRACH with more repetitions. 
NPUSCH power control
After the UE has successfully received a Random Access Response (Msg2) it starts using NPUSCH Format 1 and 2 for its uplink transmissions. The network uses in general the Downlink Control Information (DCI) messages sent over the NPDCCH to control the NPUSCH repetition number. One exception to this principle is the NPUSCH carrying Msg3, which is controlled by the grant sent in Msg2.The UE output power is defined in TS 36.213 as:


“The UE transmit power  for NPUSCH transmission in NB-IoT UL slot i for the serving cell  is given by
If the number of repetitions of the allocated NPUSCH RUs is greater than 2

[dBm]
otherwise

 [dBm]
where,

-	[image: ]is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell .

-	is {1/4} for 3.75 kHz subcarrier spacing and {1, 3, 6, 12} for 15kHz subcarrier spacing









-	is a parameter composed of the sum of a component  provided from higher layers and a component  provided by higher layers for j=1 and for serving cell where . 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.  and , where the parameter preambleInitialReceivedTargetPower [8] ([image: ]) and  are signalled from higher layers for serving cell . 



-	For j=1, for NPUSCH format 2, =1; for NPUSCH format 1, is provided by higher layers for serving cell . For j=2, [image: ]





-	 is the downlink path loss estimate calculated in the UE for serving cell  in dB and  = nrs-Power + nrs-PowerOffsetNonAnchor – higher layer filtered NRSRP, where nrs-Power is provided by higher layers and Subclause 16.2.2, and nrs-powerOffsetNonAnchor is set to zero if it is not provided by higher layers and NRSRP is defined in [5] for serving cell  and the higher layer filter configuration is defined in [11] for serving cell .

[image: ]is the configured UE transmit power defined in [6] in NB-IoT UL slot i for serving cell .”

In case of (re)transmissions corresponding to the random access response grant, i.e. Msg3 transmissions, the targeted NRSRP level is defined by the sum of preambleInitialReceivedTargetPower and . The former can be configured in the range of -90 to -120 dBm while the latter can is configured by the deltaPreambleMsg3 IE to a value between -2 and 12 dB.
To exemplify let’s assume UE B in Figure 2 is assigned a single transmission using 15 kHz subcarrier for the Msg3 transmission. preambleInitialReceivedTargetPower is still set to -116 dBm and deltaPreambleMsg3 is set to 0 dB. The configured UE power then becomes PNPUSCH,c = 10log10(1) + -116 +1×134 = 18 dBm.
Since UE A is accessing from CE 2 it would be assigned to use more than two repetitions and the maximum power of 23 dBm due to being in so deep coverage which requires an assignment with multiple repetitions.
Power headroom reporting
In NB-IoT the feedback from the UE to the network is kept at a minimum level. The UE provides HARQ Ack/Nack feedback in response to NPDSCH transmissions and a combined Data volume and Power headroom Report (DPR) in Msg3. The Power Headroom Report (PHR) part feedbacks the difference between the estimated needed NPUSCH uplink power and the maximum configurable UE output power which corresponds to PCMAX,c in NB-IoT. In TS 36.213 the PHR functionality is defined as:


“If the UE transmits NPUSCH in NB-IoT UL slot  for serving cell , power headroom is computed using 

 [dB]



where, [image: ], , , and, are defined in Subclause 16.2.1.1.1. 
The power headroom shall be rounded down to the closest value in the set [PH1, PH2, PH3, PH4] dB as defined in [10] and is delivered by the physical layer to higher layers.”
The PHR has been specified to support four code points PH1, PH2, PH3, PH4. To support this format the measured PHR must be mapped to one out of four reporting values. Two different mapping tables have been defined. Which of the two tables to use is defined by the selected CE level.
[bookmark: _Ref482091421]Table 1: PHR for UEs selecting NPRACH CE level 0.
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 < PH  5

	POWER_HEADROOM_1
	5  PH  8

	POWER_HEADROOM_2
	8  PH  11

	POWER_HEADROOM_3
	PH ≥ 11


[bookmark: _Ref482091613]Table 2: PHR for UEs selecting NPRACH CE level 1 or 2.
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54 < PH  -10

	POWER_HEADROOM_1
	-10  PH  -2

	POWER_HEADROOM_2
	-2  PH  6 

	POWER_HEADROOM_3
	PH ≥ 6






Let’s continue the started example to also illustrate the use of the PHR mapping. First assume a cell where PCMAX,C = 23 dBm,= -116 dBm, = 0 dB and = 1. UE B shown in Figure 2 would then calculate PH = 23 - (-116 + 134) = 23 – 18 = 5 dB and report PHR 1 (assuming the mapping in Table 1 is used). When receiving this PHR the eNB can e.g. use it to increase the number of sub-carriers assigned to the UE from 1 to 3. The UE would as a consequence thereof increase its UL power to 23 dBm.
UE A would calculate PH = 23 - (-116 + 164) = 23 – 18 = -25 dB and report PHR 0 (assuming the mapping in Table 2 is used). When receiving this PHR the NW will understand that the UE is in deep coverage and needs to be assigned many repetitions.
Proposed solutions
NPRACH power control
The current working assumption states that a device should follow a power control in CE levels 1/2 “based on path-loss with power ramping”. We propose to define the power ramping per CE level, and to reset the power ramping if a device performs a CE level ramping step. This can be implemented in TS 36.321, section 5.3.1 as follows: 
set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER_CE – 1) * powerRampingStep;

The rational for this is that devices accessing a NPRACH resource on a certain CE level should access the BS at similar power levels. A device performing CE level ramping violates this principle if power level ramping across CE levels are permitted. 
Proposal 1: RAN1 agrees that NPRACH power ramping is performed within a CE level, and is reset when CE level ramping is performed. 
For devices in normal coverage that have incorrectly selected CE 1 and for devices that in the case of an interference limited network ramps from CE level 0 to 1, or 2 (in case the Δ NRSRP threshold is inactivated) it is important to have the random access attempts in CE 1 and 2 power controlled. To support a reasonable level of network configuration flexibility, we propose to implement the agreed NPRACH path loss based power control for CE 1 and 2 in TS 36.212, section 16.3.1, according to:


PNPRACH, CEX = min{,  NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER_CEX +  }_[dBm]
Where X is the CE level 1 or 2, and NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER_CEX equals the targeted received power level in each of the CE levels 1 and 2. 
The motivation is that it exists NB-IoT network scenarios where its foreseen suboptimal to scale the targeted received power level with the used number of repetitions as done in Release 13 for CE 0. This since such an implementation limits the ability of the network to cope with high interference levels by means of CE level ramping, which is a relevant alternative to power level ramping for this specific case.
The scaling of the targeted receiver power level for CE 0 in Release 13 by 10xLOG10(NREP) is based on an assumed 3 dB processing gain per doubling of the repetitions NREP. This is based on an assumed perfect coherent accumulation of the wanted signal across repetitions under the condition of Gaussian interference. The interference may for a narrowband system have characteristics different from Gaussian which impacts the processing gain. On the other hand, time diversity may under some circumstances lead to a higher processing gain than 3 dB. Hence, although the 3 dB processing gain is an excellent rule of thumb, it may not always apply when doubling the number of repetitions. This further motivates a loosening of the relation between the configured number of repetitions NREP per CE level and the targeted preamble received power level.
Proposal 2: RAN1 agrees that the NPRACH path-loss based power control is specified with a CE specific preamble received target.
We further propose to signal the NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER_CEX as parameter preambleInitialReceivedTargetPowerCE1 and preambleInitialReceivedTargetPowerCE2 that are made part of the PowerRampingParameters container specified in TS 36.331 and the RACH-ConfigCommon-NB information element (IE). It is proposed to define preambleInitialReceivedTargetPowerCE1 as:
preambleInitialReceivedTargetPowerCE1 = preambleInitialReceivedTargetPower - 10·LOG10(NREP,CE0) - GCE1·LOG2(NREP,CE1 / NREP,CE0) 
where GCE1 is defined as a sequence of four code points with the following interpretation {0, 2, 3, 4} dB. Configuring GP to 0 dB corresponds to using the same effective targeted preamble received power level for CE 0 and 1. Configuring GP to 2, 3 or 4 dB can be said to correspond to expected processing gains of 2, 3 or 4 dB per doubling of NPRACH repetitions.
In similarity it is proposed to define preambleInitialReceivedTargetPowerCE2 as:
preambleInitialReceivedTargetPowerCE2 = preambleInitialReceivedTargetPowerCE1 - GCE2·LOG2(NREP,CE2 / NREP,CE1)
where also GCE2 is defined as a sequence of four code points with the following interpretation {0, 2, 3, 4} dB.
Proposal 3: RAN1 agrees to define the CE specific preamble received target for CE levels 1 and 2 as:
· preambleInitialReceivedTargetPowerCE1 = preambleInitialReceivedTargetPower - 10·LOG10(NREP,CE0) - GCE1·LOG2(NREP,CE1 / NREP,CE0) 
· preambleInitialReceivedTargetPowerCE2 = preambleInitialReceivedTargetPowerCE1 - GCE2·LOG2(NREP,CE2 / NREP,CE1)
· with GCE1/2 ϵ {0, 2, 3, 4} dB.

The agreed working assumption is applicable to a device “which has level ramped from NPRACH level 0”. We would like to expand this agreement to apply to Release 14 UEs regardless if they ramp or not. This would equip NB-IoT with tools to handle high levels of interference as already elaborated upon. It would also provide a desired mechanism to control the power of devices that from the very start selected an incorrect CE level.
[bookmark: _Hlk498679652]Another alternative is that instead of letting the UE calculate preambleInitialReceivedTargetPowerCE1 and preambleInitialReceivedTargetPowerCE2, the eNB can do the calculation and signal the final preambleInitialReceivedTargetPowerCE1 and preambleInitialReceivedTargetPowerCE2 to the UE. This gives more flexibility at the network side at a cost of using more bits in SIB2. Notice that, in our proposal preambleInitialReceivedTargetPowerCE2 is based on preambleInitialReceivedTargetPowerCE1. Therefore, it is also possible to signal an adjustment term delta for the preamble initial received target power for different coverage levels, e.g., preambleInitialReceivedTargetPowerCE(X)= preambleInitialReceivedTargetPower -delta(X). 

Proposal 4: RAN1 agrees to apply the Release 14 power control mechanisms according to Proposals 1, 2, 3 to Release 14 devices regardless of their initial selected CE level.

NPUSCH Msg3 power control
For devices in normal coverage that have incorrectly selected NPRACH CE 1, it is important to introduce NPUSCH power control for the Msg3 transmission also in case NPUSCH is configured with repetitions. It can best be based on the existing open loop power control functionality with the targeted NPUSCH received signal level set equal to the final NPRACH received signal level with some configurable offset.
Proposal 5: RAN1 agrees to introduce an open loop power control for NPUSCH Msg3 with the NPUSCH received signal level target set equal to the final preamble received signal level target plus a configurable power offset.
It can also be observed that in case a more advanced solution is sought in RAN1 the RAR contains a few spare code points that can be used for this purpose.
Observation 1: In case a more sophisticated Msg 3 power control is sought the RAR contains a few spare code points that can be used for Msg3 power control
Improved PHR reporting
For the NPUSCH transmission subsequent to Msg3 the eNB will use the information carried in the PHR to adapt the NPUSCH configuration. The PHR presented in Table 1 is designed for devices in normal coverage (CE0) while the PHR in Table 2 is designed for devices in extended coverage (CE1/2).
If a device in normal coverage accesses the system using CE1 if will be forced to use the Table 2 PHR, which is suboptimal. This will degrade the eNBs ability to correctly adapt the NPUSCH allocation and impact both link and system quality. Instead of mandating the device to use a certain PHR mapping table based on its selected CE level (which may be incorrect) the device should autonomously select the most suitable PHR mapping table to use and indicate in Msg3 which of the two available PHR mapping tables that was used. Figure 5 illustrates the content of the DPR control element and shows that there are two reserved (‘R’) bits. One of those can be used by the device to indicate the used PHR mapping table. 


Figure 3 Data Volume and Power Headroom Report MAC control element.
Proposal 5: RAN1 agrees that a device should autonomously select the most suitable PHR mapping table to use and indicate in Msg3 which of the two available PHR mapping tables that was used.

Conclusion
In this paper, we start share our view on the interpretation of the working assumption reached on NB-IoT random access procedure and made the following five proposals:
Proposal 1: RAN1 agrees that NPRACH power ramping is performed within a CE level, and is reset when CE level ramping is performed. 
Proposal 2: RAN1 agrees that the NPRACH path-loss based power control is specified with a CE specific preamble received target.
Proposal 3: RAN1 agrees to define the CE specific preamble received target for CE levels 1 and 2 as:
· preambleInitialReceivedTargetPowerCE1 = preambleInitialReceivedTargetPower - 10·LOG10(NREP,CE0) - GCE1·LOG2(NREP,CE1 / NREP,CE0) 
· preambleInitialReceivedTargetPowerCE2 = preambleInitialReceivedTargetPowerCE1 - GCE2·LOG2(NREP,CE2 / NREP,CE1)
· with GCE1/2 ϵ {0, 2, 3, 4} dB.
Proposal 4: RAN1 agrees to apply the Release 14 power control mechanisms according to Proposals 1, 2, 3 to Release 14 devices regardless of their initial selected CE level.
Proposal 5: RAN1 agrees that a device should autonomously select the most suitable PHR mapping table to use and indicate in Msg3 which of the two available PHR mapping tables that was used.
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