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1 Introduction

At previous RAN1 meetings, the following agreements were reached (see [1]):
Agreements:

· The following numbers of NB-PRACH repetitions are provided in the specifications:  

· {1, 2, 4, 8, 16, 32, 64, 128}

· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set

Agreement: 

· Multi-tone Msg3 is supported

· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 

· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection

· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:

· NB-PRACH sequence

· NB-PRACH hopping pattern

· Each NB-PRACH resource also has a repetition level configured 

· For at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications

Agreement: 

· Power ramping:

· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level

· Otherwise, the UE uses NB-PRACH power ramping 

Agreements:
· The configuration of NB-PRACH resource is given by –

· Periodicity (3 bits)

· {40, 80, 160, 240, 320, 640, 1280, 2560} ms

· When PRACH resource and PUSCH collide, PUSCH is postponed

· Number of repetitions (3 bits)

· {1, 2, 4, 8, 16, 32, 64, 128}

· Number of opportunities per period

· 1 (no indication needed)

· Starting time of period (3 bits)

· {8, 16, 32, 64, 128, 256, 512, 1024} ms
· Repetition uses contiguous subframes within one period 
· Frequency

· Frequency location in subcarrier offset (3 bits)

· {0, 12, 24, 36, 2, 18, 34}

· Number of subcarriers (2 bits)

· {12, 24, 36, 48}

· Multi-tone Msg3 transmission is not supported for the following numbers of repetitions of NB-PRACH

· {32, 64, 128}
Agreements:
· Existing timing advanced procedure is reused for NB-IoT

· FFS: The time for the TA adjustment (legacy is n+6)

Note: Time at which TA adjustment takes effect ( isolated impact within RAN1 – to be treated at RAN1#84bis.
This document provides some further considerations on the physical layer aspects of NB-IoT random access procedure.
2 UE support for multi-tone Msg3 transmission
One remaining issue on random access is how the UE could indicate by NB-PRACH resource selection that it supports multi-tone Msg3, in case an operator wishes to partition NB-PRACH resources in order to obtain this information before the interoperability testing (IOT) bit to signal UE support of multi-tone transmission is received. 
At RAN1 Ad-Hoc#2 for NB-IoT the configuration of NB-PRACH resource was agreed to be defined by a number of time and frequency domain parameters, and that the numbers of NB-PRACH repetitions for which multi-tone Msg3 transmission is not supported are {32, 64, 128}, see section 1.

It is proposed that one of the NB-PRACH resource configurations in a cell can be such that any NB-PRACH transmission using this configuration indicates UE support for multi-tone Msg3 transmission. For example, there could be 4 NB-PRACH resource configurations, based on repetitions {2, 2, 32, 128}, and the first configuration is for the indication of UE support for multi-tone Msg3 transmission.
Proposal 1: One of the NB-PRACH resource configurations in a cell can be indicated to be such that any NB-PRACH transmission using this configuration indicates UE support for multi-tone Msg3 transmission. 
Proposal 2: If there is no NB-PRACH configuration for indicating UE support of multi-tone Msg3 transmission, the maximum number of NB-PRACH resource configurations in a cell is 3. Otherwise, the maximum number of NB-PRACH resource configurations in a cell is 4.
3 UL grant in RAR

One bit is required to indicate UL subcarrier spacing (3.75 kHz or 15 kHz), and the other fields can be fully reused from DCI format N0 (see [2]). Padding bits will be added such that the total size of the RAR is byte aligned. For Msg3 size, RAN#71 decided that “from RAN1 point of view, Msg3 TBS size should allow 64 bits (targeted for RRCConnectionRequest) and 80 bits (targeted for RRCConnectionResume)” (see [3]). Msg3 could also occur after initial access as a scheduling request or in response to a NB-PDCCH order. In any case, a TBS of 88 bits, taken from the agreed MCS/TBS tables for NB-PUSCH is sufficient. Therefore, we can extract the 88 bits entries from the agreed tables for NB-PUSCH. To allow for future extension in Rel-14, some spare states can be reserved.
Table 1: UL grant in RAR

	Field name
	Bit size for 3.75 kHz
	Bit size for 15 kHz

	Subcarrier spacing
	1
	1

	Subcarrier indication
	6
	5

	MCS/TBS
	3
	3

	Initial RV
	1
	1

	Scheduling delay RAR to Msg3
	2
	2

	Msg3 repetition number
	3
	3

	Padding
	4
	5

	Total
	20
	20


Table 2: MCS/TBS table for Msg3

	MCS/TBS indication
	Modulation
	NRU
	TBS

	000
	pi/2-BPSK
	4
	88

	001
	pi/4-QPSK
	3
	88

	010
	pi/4-QPSK
	1
	88

	Others
	Reserved


The UE would interpret subcarrier indication, initial RV, scheduling delay, and Msg3 repetition number fields in the same way as in an UL grant carried in DCI. The UE would interpret the MCS/TBS field according to Table 2.

Proposal 3: UL grant in RAR is according to Table 1.

· Subcarrier indication, initial RV, scheduling delay, and Msg3 repetition number are interpreted in the same way as UL grant carried in DCI.

· The MCS/TBS field is interpreted according to Table 2.

4 Timing relationships

At RAN1 Ad-Hoc#2 for NB-IoT a few agreements were made on timing relationships regarding random access procedure, as follows,
· Timing relationships for random access

· For NB-PRACH transmission following a PDCCH order, the start of NB-PRACH transmission is the first opportunity that is >=8ms later than the end of its associated PDCCH order.

· For Msg3, 

· The start of Msg3 transmission is the first opportunity that is >=12ms later than the end of the corresponding RAR transmission.

· In case a RAR is received with no response to the corresponding NB-PRACH, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR.

· In case no RAR is received at the end of the RAR window, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR window.
The yellow highlighted text above was added during the online discussion to address a comment that it was not clear when the NB-PRACH will be transmitted by e.g. saying “>= 12ms”. The comment was valid for NB-PRACH, but not for Msg3 for which the scheduling delay should be signaled in RAR. Coupling of the time for Msg3 transmission and the end of RAR will greatly restrict the scheduling flexibility in the eNB, and can impose abandoning some of the RARs by the eNB in case of high NB-PRACH load. Hence it is proposed to update the agreement for Msg3 above as follows,
Proposal 4: The start of Msg3 transmission is >=12ms later than the end of the corresponding RAR transmission.

5 Timing advance

The remaining issue on timing advance is the time for TA adjustment. At RAN1 Ad-Hoc#2 for NB-IoT it was agreed that “the start of Msg3 transmission is the first opportunity that is >=12ms later than the end of the corresponding RAR transmission”. Since the timing advance command is conveyed in RAR, the corresponding adjustment of the uplink transmission timing is not expected to be earlier than the start of Msg3 transmission, i.e. the adjustment of the uplink transmission timing can be done before Msg3 transmission.
Proposal 5: The adjustment of the uplink transmission timing is applied 12ms after the end of the corresponding timing advance command transmission.

6 Power ramping

For the lowest configured NB-PRACH repetition level, or when only one NB-PRACH repetition level is configured, it is proposed to reuse the power ramping procedure in LTE, i.e.,

· Set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep. (see section 5.1.3 in TS 36.321)
· PPRACH = min{
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According to the simulations in Annex A, the receiver sensitivity of NB-PRACH with no repetition (i.e. number of repetitions = 1) is -117.3 dBm, which is similar to that of legacy LTE PRACH (-118.7 dBm) [5]. Therefore, the set of values for preambleInitialReceivedTargetPower is proposed to reuse that of LTE, which is {-120, -118, -116, -114, -112, -110, -108, -106, -104, -102, -100, -98, -96, -94, -92, -90} dBm. The values for DELTA_PREAMBLE are proposed to be taken from the following table.
Table 3: DELTA_PREAMBLE values

	Number of repetitions for NB-PRACH
	DELTA_PREAMBLE value

	1
	0 dB

	2
	-3 dB

	4
	-6 dB

	8
	-9 dB

	16
	-12 dB

	32
	-15 dB

	64
	-18 dB

	128
	-21 dB


The powerRampingStep values can be re-used from LTE: {0, 2, 4, 6} dB.
Proposal 6: The preamble power ramping procedure for NB-IoT is fully reused from LTE.

· The set of values for preambleInitialReceivedTargetPower is {-120, -118, -116, -114, -112, -110, -108, -106, -104, -102, -100, -98, -96, -94, -92, -90} dBm.
· The set of values for powerRampingStep is {0, 2, 4, 6} dB.
· The values for DELTA_PREAMBLE are according to Table 1.

7 Conclusions
In this contribution, further considerations on NB-IoT random access are discussed, and the following proposals are provided.
Proposal 1: One NB-PRACH resource configuration can be indicated to be such that any NB-PRACH transmission using this configuration indicates UE support for multi-tone Msg3 transmission.
Proposal 2: If there is no NB-PRACH configuration for indicating UE support of multi-tone Msg3 transmission, the maximum number of NB-PRACH resource configurations in a cell is 3. Otherwise, the maximum number of NB-PRACH resource configurations in a cell is 4.
Proposal 3: UL grant in RAR is according to Table 1.

· Subcarrier indication, initial RV, scheduling delay, and Msg3 repetition number are interpreted in the same way as UL grant carried in DCI.

· The MCS/TBS field is interpreted according to Table 2.

Proposal 4: The start of Msg3 transmission is >=12ms later than the end of the corresponding RAR transmission.

Proposal 5: The adjustment of the uplink transmission timing is applied 12ms after the end of the corresponding timing advance command transmission.

Proposal 6: The preamble power ramping procedure for NB-IoT is fully reused from LTE.

· The set of values for preambleInitialReceivedTargetPower is {-120, -118, -116, -114, -112, -110, -108, -106, -104, -102, -100, -98, -96, -94, -92, -90} dBm.
· The set of values for powerRampingStep is {0, 2, 4, 6} dB.
· The values for DELTA_PREAMBLE are according to Table 1.
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Annex A
Table 4: Simulation assumptions
	Parameter 
	Value 

	Channel model 
	TU 

	Doppler spread 
	1 Hz 

	Antenna configuration
	1Tx, 2Rx 

	UE transmit power
	23 dBm

	eNB receiver noise figure
	3 dB

	Frequency error 
	±50 Hz 

	Frequency drift 
	±22.5 Hz/s 

	Cell size 
	35 km 

	DL sync. error 
	[-2.5, 2.5] us 


Table 5: Receiver performance of NB-PRACH with no repetition
	
	False alarm probability
	Miss detection probability
	ToA estimation error

	Performance
	0.05%
	0.01%
	97% within [-2.6 us, 2.6 us]
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Figure 1: ToA estimation error of NB-PRACH with no repetition
Table 6 Receiver sensitivity of NB-PRACH with no repetition
	Physical channel name
	NB-PRACH (single repetition)

	(1) Tx power  (dBm)
	23

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	3

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	3750

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5))  (dBm)
	-135.3

	(7) Required SINR (dB)
	18

	(8) Receiver sensitivity

         = (6) + (7) (dBm)
	-117.3
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