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[bookmark: _Ref129681832]Rel-14 NB-IoT supports two NPRACH formats, i.e. NPRACH format 0 and NPRACH format 1. The maximum supported cell radius is 40km. In Rel-15, NPRACH format 2 is introduced for FDD (i.e. frame structure type 1) to extend the cell radius to larger than 100km. And NPRACH format 0, 0-a, 1, 1-a and 2 are introduced for TDD (i.e. frame structure type 2). The random access parameters are shown below, where  denotes the subcarrier spacing of random access preamble.
Table 10.1.6.2-1: Random access baseband parameters
	Preamble format
	[image: ]

	
	Frame Structure Type 1
	Frame Structure Type 2

	0, 1
	3.75 kHz

	0-a, 1-a
	
	3.75 kHz

	2
	1.25 kHz
	3.75 kHz


Observation 1: For NB-IoT FDD, the subcarrier spacing of NPRACH format 2 is 1/3 of other NPRACH formats. 
Observation 2: For NB-IoT TDD, the subcarrier spacing of NPRACH format 2 is same as other NPRACH formats.
Issue description

Uplink transmission is power limited. For NB-IoT FDD, NPRACH format 2 with narrower subcarrier spacing has a higher PSD than other NPRACH formats. SR reuses NPRACH signal design. As show in Annex A, the subcarrier spacing difference of NPRACH format 2 is considered in SR power control.  is a factor to reflect the difference.
Observation 3: For NB-IoT FDD, SR reuses NPRACH signal. The subcarrier spacing difference of NPRACH format 2 is considered in SR power control formula. 
The transmission power of random access preamble is captured in TS 36.213. Corresponding descriptions are shown in Annex B. The parameter NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER is given by MAC layer, i.e. TS 36.321. Corresponding descriptions are shown in Annex C. In the formula for PREAMBLE_RECEIVED_TARGET_POWER, the parameters preambleInitialReceivedTargetPower and powerRampingStep are common for all NPRACH formats. DELTA_PREAMBLE  is set to 0. So in current specification, the transmission power of random access preamble does not consider the subcarrier spacing difference of NPRACH format 2.
Observation 4: For NB-IoT FDD, the subcarrier spacing difference of NPRACH format 2 is not considered in random access preamble power control formula.
Solution
Similarly as LTE, a DELTA_PREAMBLE table can be introduced for NB-IoT FDD. Although this table is specified in 36.321, RAN2 will need RAN1 guidance to introduce it as shown below. For NB-IoT TDD, all NPRACH formats share the same subcarrier spacing, so DELTA_PREAMBLE is still set to 0, while for FDD NPRACH format 2, DELTA_PREAMBLE corrects for the reduced subcarrier spacing.

Proposal 1: Request RAN2 to introduce the DELTA_PREAMBLE value according to the following table for NB-IoT FDD and TDD.
	Preamble Format
	DELTA_PREAMBLE value

	
	Frame Structure Type 1
	Frame Structure Type 2

	0, 1
	0 dB
	0dB

	0a, 1a
	-
	0dB

	2
	10*log10(1/3) dB
	0dB



Conclusions
In this contribution, we point out the issue on random access preamble power control and provide the solutions. The following observations and proposals are made.
Observation 1: For NB-IoT FDD, the subcarrier spacing of NPRACH format 2 is 1/3 of other NPRACH formats. 
Observation 2: For NB-IoT TDD, the subcarrier spacing of NPRACH format 2 is same as other NPRACH formats.
Observation 3: For NB-IoT FDD, SR reuses NPRACH signal. The subcarrier spacing difference of NPRACH format 2 is considered in SR power control formula. 
Observation 4: For NB-IoT FDD, the subcarrier spacing difference of NPRACH format 2 is not considered in random access preamble power control formula.
Proposal 1: Request RAN2 to introduce the DELTA_PREAMBLE value according to the following table for NB-IoT FDD and TDD.
	Preamble Format
	DELTA_PREAMBLE value

	
	Frame Structure Type 1
	Frame Structure Type 2

	0, 1
	0 dB
	0dB

	0a, 1a
	-
	0dB

	2
	10*log10(1/3) dB
	0dB



Annex A
	Extracted from TS 36.213
16.2.1.2	SR
16.2.1.2.1	UE behaviour
If the UE is configured with higher layer parameter sr-Without-HARQ-ACK-Config, the setting of the UE transmit power for SR transmission without HARQ-ACK is defined as follows. 

The UE transmit power  for SR transmission in NB-IoT UL slot i for the serving cell [image: ]is given by:

	 [dBm]
where,


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

-	is {1/3} for NPRACH format 2 and {1}for NPRACH format 0/1.


-	is signaled from higher layers for serving cell .


-	 is signaled from higher layers for serving cell .
-	[image: ] is defined in Subclause 16.2.1.1.1.



Annex B
	Extracted from TS 36.213
16.3.1	Physical non-synchronized random access procedure
…
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.
-	A target narrowband preamble received power (NARROWBAND_PREAMBLE_RECEIVED_TARGET_POWER), a corresponding RA-RNTI and a NPRACH resource are indicated by higher layers as part of the request. 







-	If enhanced random access power control is not applied, for the lowest configured repetition level; and if enhanced random access power control is applied then for all configured repetition levels, 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 . If enhanced random access power control is not applied, for a repetition level other than the lowest configured repetition level, PNPRACH is set to .


Annex C
	[bookmark: _Toc535101876]Extracted from TS 36.321
[bookmark: _Toc535101874]5.1.1	Random Access Procedure initialization
…
The following information for related Serving Cell is assumed to be available before the procedure can be initiated for NB-IoT UEs, BL UEs or UEs in enhanced coverage, as specified in TS 36.331 [8]:
…
-	the preamble format based offset DELTA_PREAMBLE (see subclause 7.6). For NB-IoT the DELTA_PREAMBLE is set to 0.
…
5.1.3	Random Access Preamble transmission
The random-access procedure shall be performed as follows:
-	set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
…
-	if the UE is an NB-IoT UE:
-	for enhanced coverage level 0, the PREAMBLE_RECEIVED_TARGET_POWER is set to:
 PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt)
-	if the UE supports enhanced random access power control and PowerRampingParameters-NB-v1450 is configured by upper layers:
-	the MSG3_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + (PREAMBLE_TRANSMISSION_COUNTER_CE – 1) * powerRampingStep;
-	for other enhanced coverage levels:
-	if the UE supports enhanced random access power control and PowerRampingParameters-NB-v1450 is configured by upper layers; and
-	if the starting enhanced coverage level was enhanced coverage level 0 or enhanced coverage level 1:
-	if the MAC entity considers itself to be in enhanced coverage level 1 and if powerRampingStepCE1 and preambleInitialReceivedTargetPowerCE1 have been configured by upper layers:
-	the PREAMBLE_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPowerCE1 + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER_CE – 1) * powerRampingStepCE1 - 10 * log10(numRepetitionPerPreambleAttempt);
-	the MSG3_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPowerCE1 + (PREAMBLE_TRANSMISSION_COUNTER_CE – 1) * powerRampingStepCE1;
-	else:
-	the PREAMBLE_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER_CE – 1) * powerRampingStep - 10 * log10(numRepetitionPerPreambleAttempt);
-	the MSG3_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + (PREAMBLE_TRANSMISSION_COUNTER_CE – 1) * powerRampingStep;
-	else:
-	the PREAMBLE_RECEIVED_TARGET_POWER is set corresponding to the max UE output power;
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