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1 Introduction
In RAN#70 meeting, an LS was sent to RAN 1[1]:  
RAN#70 has discussed NB-IoT and took the following working assumptions:

· At least the first UL message after NB-PRACH for initial access to the network can be at least via single-tone UL

· RAN1 to inform RAN2 in January the supportable message size, i.e. same number of bits as LTE Msg3 or another number of bits, while meeting latency and coverage targets for this message

· Both of the following are supported by the specifications:

· 3.75 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· 15 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· Details of network configurability is left to WGs (including the possibility of configuring both in the same cell)

· RAN will make the decision on capability/interoperability testing at RAN#71. 

In this paper, transmission scheme of Msg 3 are discussed.
2 Discussion
In LTE system, when an uplink transmission is required, e.g., for contention resolution, the eNB should not provide a grant smaller than 56 bits in the Random Access Response. For initial access, Msg 3 carrys RRCConnectionRequest message, which includes ue-Identity (40 bits), establishmentCause (3 bits) and one spare bit.  In order to avoid segmentation, which would cause specification impact and additional CRC overhead, a UL grant for Msg 3 for NB-IoT would better be larger than 56 bits as legacy LTE.   
Proposal # 1: NB-IoT supports the same size for Msg 3 as LTE one, i.e., minimum 56 bits.
Single-tone transmission is used for poor coverage, which can benefit from both PSD boosting gain and a lower PAPR. Two subcarrier spacings, 3.75kHz and 15kHz, are supported with tradeoff between data rate and PAPR. In order to deliver a transport block with 56 bits and 24 bits CRC with single-tone transmission, multiple subframes need to be bundled together to achieve a proper code rate, i.e., extending one NB-PRB to multiple subframes [2]. For UE in poor coverage, single-tone is benefit to improve UL capacity and to obtain a lower PAPR. However, for UE in good coverage, if Msg 3 is limited to single-tone transmission, it will prolong uplink transmission time. For example, as shown in Table 1, for MCL = 144.2dB, if single-tone transmission is used to deliver a 56 bits TB , 4 ms is needed with 15kHz subcarrier spacing and longer transmission time is needed with 3.75kHz subcarrier spacing. However, if using multi-tone transmission, i.e., 6 subcarriers or 12 subcarriers, only 2 ms or 1ms is needed with MCL = 145.7dB. In another word, if only single-tone transmission for Msg 3 is supported, the data rate is limited to ~ 20kbps with QPSK modulation. Contrarily, multi-tone transmission can provide a higher data rate, for example, 80kbps data rate at MCL = 136.7dB. Based on the geometry for NB-IoT, most of NB-IoT UEs are in normal coverage, i.e., 88.5% of MCL< 144dB [3]. It is worthwhile to optimize for normal coverage UE. On the other hand, a larger TBS for Msg 3 is desirable. For example, BSR can be report in Msg 3, which can reduce handshake with eNB. Considering NB-IoT traffic, it is very helpful to reduce latency and save power consumption if handshake time can be reduced. In addition, considering Msg 3 for initial access is still before contention solution, unnecessary longer transmission time should be avoided to save UE power consumption. 
Proposal #2: Multi-tone transmission for Msg 3 is supported. 
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Figure 1 Comparison between single-tone and multi-tone transmission of Msg3
Table 1 MCL and data rate for single-tone and multi-tone transmission with 56 bits TBS
	MCL
	1 subcarrier
	1 subcarrier
	1 subcarrier
	6 subcarriers
	12 subcarriers

	Transmission time (ms)
	12
	6
	4
	2
	1

	Data rate(kbps)
	6.67
	13.3
	20
	40
	80

	Transmitter
	 
	 
	 
	 
	 

	(1) Tx power (dBm)
	23
	23
	23
	23
	23

	Receiver
	 
	 
	 
	 
	 

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

	(3) Receiver noise figure (dB)
	3
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	15,000
	15,000
	15,000
	90,000
	180,000

	(6) Effective noise power= (2) + (3) + (4) + 10 log ((5)) (dBm) = (2) + (3) + (4) + 10 log ((5))  (dBm)
	-129.2
	-129.2
	-129.2
	-126.2
	-118.4

	(7) Required SINR (dB)
	1.9
	4.7
	8
	3.5
	4.7

	(8) Receiver sensitivity= (6) + (7) (dBm)
	-127.3
	-124.5
	121.2
	-122.7
	-113.7

	(9) Rx processing gain
	0
	0
	0
	0
	0

	(10) MCL  = (1) -(8) + (9) (dB)
	150.3
	147.5
	144.2
	145.7
	136.7


PRACH needs to have different formats or repetitions for different coverage levels based on discussion of eMTC. In [3], three PRACH formats were designed for normal coverage (MCL<144dB), extended coverage (144dB≤MCL≤154dB) and extreme coverage (MCL>154dB). Similar as eMTC, UE can choose a PRACH format based on measurement. Based on PRACH reception, eNB can learn coverage level of a UE so that eNB can choose a proper transmission scheme (i.e., single-tone or multi-tone transmission) for Msg 3 for different coverage levels. Figure 2 shows an example of relationship between coverage levels, PRACH formats and transmission schemes of Msg 3. PRACH formats 0/1/2 are configured to UE targeting to different coverage levels. For UEs in extreme/extended coverage, who can choose PRACH format 1/2, eNB will schedule an uplink grant with single-tone transmission. For UEs in normal coverage, format 0 can be used for random access so that eNB can schedule an uplink grant with multi-tone transmission to the UEs. Furthermore, PRACH format 1 and 2 can further associate with 3.75kHz and 15kHz numerology respectively therefore, no need to explicitly indicate numerology of Msg 3. Alternatively, the transmission scheme including subcarrier spacing for single-tone transmission of Msg 3 can be dynamically indicated in RAR, if some scheduling flexibility is needed. For example, UE may choose PRACH format 0 but based on PRACH detection, eNB may think the coverage level is good enough to use single-tone transmission with 15kHz subcarrier spacing. 
Proposal #3: Introduce multiple PRACH formats for different coverage levels. FFS if transmission scheme (single-tone or multi-tone) for Msg 3 and subcarrier spacing for single-tone transmission is associated with different PRACH formats. 
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Figure 2 PRACH format and Msg 3 transmission

3 Conclusion
In this contribution, we discussed UE capability indication and Msg 3 transmission scheme. Based on the discussions, we proposed: 
Proposal # 1: NB-IoT supports the same size for Msg 3 as LTE one, i.e., minimum 56 bits.
Proposal #2: Multi-tone transmission for Msg 3 is supported. 

Proposal #3: Introduce multiple PRACH formats for different coverage levels. FFS if transmission scheme (single-tone or multi-tone) for Msg 3 and subcarrier spacing for single-tone transmission is associated with different PRACH formats. 
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