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1 Introduction

In this contribution we discuss remaining physical layer aspects of the random access procedure for NB-IoT.
2 Power ramping for NPRACH

In RAN1#84, the following agreement is reached regarding NPRACH 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 

Thus, NPRACH power ramping is required for the lowest repetition level.
According to Rel-13 eMTC, the PRACH transmit power, PPRACH, is determined as
PPRACH = min{PCMAX, PREAMBLE_RECEIVED_TARGET_POWER + PL} dBm

where PREAMBLE_RECEIVED_TARGET_POWER is set to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep.
We propose that the same expression can be used to determine the NPRACH transmit power during NPRACH power ramping in NB-IoT. However, since only the lowest NPRACH repetition level requires power ramping, DELTA_PREAMBLE can be set to 0.
Proposal 1:
NPRACH uses the same power ramping formula as Rel-13 eMTC with DELTA_PREAMBLE set to 0.

Based on the near-far analysis in [1], NPRACH is robust to near-far ratios at least 20 dB. Legacy LTE PRACH has power-ramping step {0, 2, 4, 6} dB. In our view, the same set can be adopted for NPRACH.
Legacy LTE PRACH has initial received target power (preambleInitialReceivedTargetPower) in the range of [image: image2.png]—-120



 dBm to [image: image4.png]


 dBm. The link budget of NPRACH is shown in Table 1. The receiver sensitivity for 164 dB MCL is -141 dBm. Power ramping for 164 dB MCL is however not required. Consider normal coverage, i.e. 144 dB MCL, the receiver sensitivity becomes -121 dBm, which could be a good target power level for initial transmission. One possibility is to shift the legacy range by 1 dB to -121 dBm to -91 dBm. However, near-far ratio needs to be considered. For example, if preambleInitialReceivedTargetPower is set to -91 dBm, consider the following examples.
UE1: PL=91 dB, the initial transmit power of NPRACH is 0 dBm and the received power is -91 dBm.

UE2: PL=144 dB, the initial transmit power of NPRACH is 23 dBm and the received power is -121 dBm.

This gives a 30 dB near-far ratio of UE1 versus UE2, which might result in a significant ToA estimation error [1].

The problem might be worsened if the estimation error of path loss is considered. For example, if UE1 in the above example has a 10 dB error in its pathloss estimation and the actual pathloss is 81 dB, the received power of the initial NPRACH transmission is -81 dBm, which is 40 dB higher than the received power of UE2. Although it is up to the network to configure an appropriate value for preambleInitialReceivedTargetPower in every cell, it might be worthwhile to consider reducing the range of preambleInitialReceivedTargetPower for NPRACH.
Table 1: NPRACH link budget
	
	NPRACH

	(1) Transmit power (dBm)
	23.0

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

	(3) Receiver noise figure (dB)
	3

	(4) Occupied channel bandwidth (Hz)
	3750

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

	(6) Required SINR (dB)
	-5.7

	(7) Receiver sensitivity = (5) + (6) (dBm)
	-141.0

	(8) Max coupling loss  = (1) - (7) (dB)
	164.0


3 UL grant definition in Random Access Response (RAR)
In response to the detected random-access attempt, the eNB will, as the second step of the random access procedure, transmit the random access response (RAR) containing:

· The index of the random access preamble

· The timing advance (TA) measured by the random access preamble receiver

· The uplink scheduling grant for Msg3 of the random access procedure

· The temporary C-RNTI which is used for further communication between the UE and eNB

RAN1#84 made e.g. the following agreements:

· eMTC search space scheme is reused for Msg3 retransmission and Msg4 transmission.

· The UL grant for the initial transmission of Msg3 is included in the RAR.

· The same NB-PDCCH search space is applied to NB-PDCCH for RAR, Msg3 retransmission and Msg4.

· DCI in NB-PDCCH indicates the number of repetitions of NB-IoT RAR / Retransmission of Msg3/Msg4

· Note that joint indication of number of repetitions with other DCI contents is not precluded

And the March RAN1 NB-IoT ad-hoc meeting agreed that:

· RAR is transmitted on an NPDSCH scheduled by an NPDCCH.
· The NPDSCH transport block can contain RAR messages to multiple UEs.

The MAC RAR messages for eMTC are shown for information in Figure 1 and Figure 2.
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Figure 1: MAC RAR for legacy LTE and eMTC PRACH CE level 0 or 1
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Figure 2: MAC RAR for eMTC PRACH CE level 2 or 3
Observation:
An UL grant size of 4+8n bits (e.g. 12, 20 or 28 bits) will achieve an octet-aligned RAR size assuming that the other RAR fields require as many bits as in LTE/eMTC.
The proposed UL grant content in RAR for NB-IoT is listed in Table 2.

RAN#71 agreed that

· From RAN1 point of view, Msg3 TBS size should allow 64 bits (targeted for RRCConnectionRequest) and 80 bits (targeted for RRCConnectionResume)
so strictly speaking it may be sufficient with 1-2 TBS values in Rel-13 NB-IoT which would require 0-1 bits for TBS indication but in our view it would be beneficial to allocate at least 2 bits for TBS indication as a preparation for potential indication of larger TBS e.g. for UL data transmission in Msg3 in a future release.

The details of the UL grant in RAR should be considered together with the details of the UL DCI format. For further discussion on the DCI definition, see our contribution in [2].

Table 2: Proposed UL grant content in RAR for NB-IoT

	Fields in UL grant in RAR
	Field sizes in number of bits

	
	In case of 15 kHz subcarrier spacing
	In case of 3.75 kHz subcarrier spacing

	UL subcarrier spacing
	1
	1

	Time offset between end of RAR and NPUSCH
	3
	3

	Msg3 NPUSCH number of PRBs
	3
	3

	Msg3 NPUSCH TBS
	2
	2

	Msg3 NPUSCH subcarrier scheduling
	5
	6

	Msg3 NPUSCH number of repetitions
	3
	2

	Msg3/4 NPDCCH resource allocation
	3
	3

	Total number of bits
	20
	20


Proposal 2:
Adopt the proposed UL grant content in RAR listed in Table 2.

4 Conclusion

In this contribution we have discussed remaining physical layer aspects of the random access procedure for NB-IoT and we have the following proposals and observations.
Proposal 1:
NPRACH uses the same power ramping formula as Rel-13 eMTC with DELTA_PREAMBLE set to 0.

Proposal 2:
Adopt the proposed UL grant content in RAR listed in Table 2.
Observation:
An UL grant size of 4+8n bits (e.g. 12, 20 or 28 bits) will achieve an octet-aligned RAR size assuming that the other RAR fields require as many bits as in LTE/eMTC.
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