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1. Introduction

In RAN1 NB-IoT adhoc meeting, followings are agreed for PRACH transmission [1]:

	Agreement: 

· Use only preamble based PRACH for NB-IoT
· Msg3 sizes up to 64 bits at the physical layer can be supported under all conditions (Coverage, operation mode, and subcarrier spacing)

· RAN1 may agree the further larger values for the Msg3 size

· Support one PRACH scheme for all MCL cases

Working assumption:

· PRACH scheme is based on single-tone transmission


In this contribution, we continue to discuss consideration points to design PRACH transmission for NB-IoT including PRACH hopping pattern
2. Discussion

2.1. Single-tone PRACH transmission design
2.1.1. PRACH hopping pattern
In the NB-IoT adhoc meeting, it is agreed that PRACH scheme is based on single-tone transmission as working assumption. Considering preamble sequence is set to all one sequence, arrival time estimation can be performed by using at least two pairs of time and frequency resource. In this case, its autocorrelation function is formed with cosine function with period T/g, where T is the inverse of subcarrier spacing and g is the minimum value of tone hopping size [3]. In this case, the detectable range of timing error with this scheme would be up to T (when hopping gap g is set to 1 subcarrier). 
Meanwhile, it is discussed that the required accuracy of single-tone PRACH needs to be defined to cover normal CP case (e.g. the estimated timing error is up to 4.7us with high probability). In this case, the desired autocorrelation function needs to form that the amplitude of the highest peak (so called desired peak) decreases dramatically as the timing difference increases. In addition, considering interferences and noise during PRACH reception, the amplitude of the second highest peak (so called side peak) of the autocorrelation function needs to be small enough compared to the desired peak. 
To do this, first of all, it is necessary to allocate wide transmission bandwidth for single-tone PRACH transmission. Simply, single-tone PRACH transmission can be transmitted on multiple tones by using tone hopping. For instance, when subcarrier spacing is set to 3.75kHz, the subcarrier index set to be used for single-tone PRACH transmission is given by {0, 1, 6, 7}. At that time, the amplitude of its autocorrelation function is form of the sum of multiple cosine function with periodicity T, T/5, T/6, and T/7 as shown in Figure 1-(a). Another example is shown in Figure 1-(b) and it assumes that the subcarrier index set to be used for single-tone PRACH transmission is given by {0, 1, 6, 9, 15, 18, 22, 23}.
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(a) {0, 1, 6, 7}
                   (b) {0, 1, 6, 9, 15, 18, 22, 23}
Figure 1: Example of autocorrelation function of single-tone PRACH transmission with multi-tone hopping; 3.75kHz subcarrier spacing.

According to Figure 1-(a), the second highest peak (side peak) has comparable amplitude with the desired peak, therefore, at low SINR, it is unclear whether eNB can estimate arrival time accurately by using this single-tone PRACH transmission. Regarding this autocorrelation, the operating SINR needs to be larger than 8dB (The amplitude is roughly 0.87), hereafter which is called side peak threshold. Furthermore, to achieve the timing error within 4.7us (for normal CP case), the operating SINR should be larger than 12.2dB (The amplitude at 4.7us is 0.94), hereafter which is called accuracy threshold. It means that the repetition number of PRACH transmission would be large, which can cause excessive latency. In case of another example shown in Figure 1-(b), both the side peak threshold and the accuracy threshold are 3.98dB. 
Considering coverage enhancement UEs, the autocorrelation function needs to be further improved by adjusting hopping pattern. To improve accuracy threshold, it seems necessary that the maximum hopping step is large enough. However, considering coexistence between PUSCH and PRACH transmission, the transmission bandwidth for PRACH needs to be restricted in a certain period of time. For side peak threshold, it would be necessary that the hopped subcarrier index needs to be distributed evenly across overall PRACH transmission bandwidth to have multiple periodicity of cosine function in autocorrelation function. In addition, depending on cell deployment scenario, hopping pattern needs to consider interference randomization between cells. In those points of view, it can be considered to adopt hopping pattern based on random sequence as in PUSCH hopping. In our view, single-tone PRACH hopping can consist of two parts; one is subband hopping and the other is subcarrier hopping within subband. 180kHz system bandwidth can be partitioned with multiple subband, and each subband consists of multiple subcarriers. Figure 2 shows an example of hopping pattern for single-tone PRACH transmission. 
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Figure 2: Example of hopping pattern for single-tone PRACH transmission.
By using subband hopping concept, both the coexistence between PUSCH and PRACH and wide transmission bandwidth for PRACH can be efficiently supported. For interference randomization, hopping seed can be determined based on physical cell ID for NB-IoT. Subband hopping can be performed in a unit of multiple subframes for possible energy combining for coverage enhancement and/or preamble sequence mapping. 
Proposal 1: Depending on target accuracy requirement for arrival time estimation, it can be considered that the overall transmission bandwidth for single-tone PRACH transmission is up to whole NB-IoT system bandwidth.
Proposal 2: To design frequency hopping pattern for single-tone PRACH transmission, the potential consideration points are accuracy requirement for arrival time, required number of PRACH repetition (interference/noise robustness), and randomization between cells. 
Proposal 3: It can be considered to support two-step hopping pattern for single-tone PRACH transmission; one is subband hopping, and the other is hopping within subband. 
2.1.2. Preamble design

Preamble sequence can be used to improve detection performance of single-tone PRACH transmission regardless of whether CDM is supported or not for single-tone PRACH transmission. In this case, following options can be considered for preamble design: 

· Option 1: All the symbols are the same. 

· Option 2: The symbols in a group are the same, but they are different across the symbol groups. 

· Option 3: The symbols in a group are different, but the whole symbols group is repeated across groups. 

· Option 4: The symbols can be different both within a group and across groups. 

· Option 5: Two or more combinations of the above. 

In this contribution, the group is equivalent to a single hopping unit of subband hopping (e.g. multiple PRACH transmission units). In case of Option 1 and 2, the autocorrelation function will not be changed compared to the case where preamble sequence is not used for single-tone PRACH transmission. In other words, at least Option 3 or Option 4 is needed to enhance detection performance of single-tone PRACH transmission. Figure 3 shows toy example of the autocorrelation function of single-tone PRACH transmission with preamble sequence. Figure 3-(a) or Figure 3-(b) is associated with Figure 1-(a) or Figure 1-(b) utilizing Option 4 (based on ZC sequence where one long ZC sequence is mapped within a group and across groups), respectively. According to the examples in Figure 3, at least the amplitude of side peak can be further reduced by using preamble sequence. 
[image: image4.png]Corsiatian

08

s

04

02

@

@

100

120

150 160

Anival Time [usg]

180

200

220

210

200

200

00



[image: image5.png]Corsiatian

08

0

04

02

B

o

@

@

100

120

150 160

Anival Time [usg]

180

200

220

210

200

200

00




(a) {0, 1, 6, 7}
                   (b) {0, 1, 6, 9, 15, 18, 22, 23}
Figure 3: Example of autocorrelation function of single-tone PRACH transmission with multi-tone hopping and preamble sequence; 3.75kHz subcarrier spacing.

Meanwhile, if Option 4 is considered with a long ZC sequence which are transmitted over different frequency and time, it may not be easily possible to assume that the property of ZC sequence will be maintained as the channel condition changes during transmission. At the same time, longer sequence may have better correlation property and PAPR. Thus, reasonable length of ZC sequence should be selected which are mapped over one or a few hopping units. 

Proposal 4: For single-tone PRACH transmission, preamble sequence is supported to further improve PRACH detection performance. 

Proposal 5: It is necessary to investigate how to design preamble sequence and its mapping rule. 
2.1.3. Other aspect

Regarding our previous contribution [3], by adopting preamble sequence, single-tone PRACH with 15kHz subcarrier spacing also can support target cell radius. Figure 4 shows an example of the amplitude of autocorrelation function for single-tone PRACH transmission with 15kHz subcarrier spacing and with preamble sequence. It seems comparable with that of 3.75kHz subcarrier spacing case. 
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Figure 4: Example of autocorrelation function of single-tone PRACH transmission with multi-tone hopping and preamble sequence; 15kHz subcarrier spacing;subcarrier index set {0, 1, 4, 5, 6, 7, 10, 11}
In this case, considering both hopping pattern and preamble sequence, their design flexibility will be depending on subcarrier spacing. In case of 3.75kHz subcarrier spacing, there exist 48 subcarriers across 180kHz system bandwidth and 2 symbols excluding CP within 1ms. On the other hand, in case of 15kHz subcarrier spacing, there are 12 subcarriers across system bandwidth and 11 symbols excluding CP within 1ms. Since each subcarrier spacing would need hopping pattern design and preamble sequence design, considering Rel-13 NB-IoT WI timeline, it would be better to down select one of them considering complexity of designing hopping pattern and preamble sequence. Overall, we consider supporting 15 kHz subcarrier spacing would be sufficient as it offers long preamble sequence within a certain period of time compared to 3.75kHz and alignment with 1 msec subframes especially for coexistence with TDD. 
Proposal 6: In Rel-13 NB-IoT WI, only one subcarrier spacing of 15 kHz is supported for single-tone PRACH transmission. 
Due to the propagation delay, PRACH transmission without GT (guard time) can interfere other UL transmission in a next time unit (e.g. subframe). If dedicated frequency resource is allocated only for PRACH transmission, since CP duration of PRACH transmission is large enough, GT would not be necessary. However, when PUSCH/PUCCH can share frequency resource with single-tone PRACH transmission, since CP duration of PUSCH/PUCCH will relatively smaller compared to PRACH, GT would be needed even for single-tone PRACH transmission. 
Proposal 7: If dedicated frequency resource is allocated for single tone PRACH transmission, guard time is not introduced. Otherwise, guard time is applied to single tone PRACH transmission.
2.2. Subsequent transmissions
In LTE system, after PRACH reception at eNB side, multiple RAR messages for different UEs can be grouped and transmitted on single PDSCH depending on the arrival time of corresponding PRACH transmissions. Each RAR contains UL grant for scheduling Msg3. Finally, eNB schedules Msg4 for contention resolution by using Msg3 contents. 

Regarding target scenario of NB-IoT WI, considerably large number of UEs can be densely deployed in a limited geographical area. To support these kinds of scenarios, it can be considered to introduce contention-based RACH procedure. In other words, multiple UEs are accessing the network at the same time. However, since NB-IoT will use only 180kHz per carrier, the resources will not be enough to transmit subsequent transmissions of multiple UEs simultaneously. In case of Msg2, even though multiple RAR messages can be jointly encoded within single PDSCH, increasing number of UEs can cause increasing code rate and overall data reception time. For other cases (e.g. Msg3 and Msg4), even if single-tone transmission is supported, only 12 UEs can be scheduled at the same time considering FDM only as multiplexing scheme. In that point of view, it seems necessary to design some mechanisms to distribute the load to schedule corresponding RAR, Msg3, Msg3 retransmission, and Msg4. To alleviate this limitation, TDM approach can be further considered to multiplex subsequent transmissions for a number of UEs. Simply, UL delay field in UL grant can be reused to adjust transmission timing of Msg3, and it can be further enhanced to support more flexible TDM. On the other hand, transmission timing of the subsequent transmission can be distributed in time based on preamble index of the corresponding PRACH transmission. In addition, considering near-far effect discussed in MTC WI, subsequent transmission for NB-IoT can also have different resources depending on PRACH transmission type (e.g. PRACH repetition number/level, and PRACH resource). 

Proposal 8: It is necessary to investigate how to distribute the load to schedule corresponding RAR, Msg3, Msg3 retransmission, and Msg4.
Considering benefit in terms of latency, both single-tone and multi-tone transmission for Msg3 can coexist depending on traffic condition and target scenario. Thus, we consider supporting both single tone and multi tone transmissions for Msg3 seems necessary. If the coexistence is supported for Msg3, additional indication filed in UL grant can be used to indicate either single-tone or multi-tone transmission for Msg3. 
Proposal 9: It is necessary to investigate whether and how both single-tone Msg3 and multi-tone Msg3 can coexist.
3. Conclusion
In this contribution, we discussed issues related to random access procedure for NB-IoT. The followings summarize our proposals.
Proposal 1: Depending on target accuracy requirement for arrival time estimation, it can be considered that the overall transmission bandwidth for single-tone PRACH transmission is up to whole NB-IoT system bandwidth.
Proposal 2: To design frequency hopping pattern for single-tone PRACH transmission, the potential consideration points are accuracy requirement for arrival time, required number of PRACH repetition (interference/noise robustness), and randomization between cells. 

Proposal 3: It can be considered to support two-step hopping pattern for single-tone PRACH transmission; one is subband hopping, and the other is hopping within subband. 

Proposal 4: For single-tone PRACH transmission, preamble sequence is supported to further improve PRACH detection performance. 

Proposal 5: It is necessary to investigate how to design preamble sequence and its mapping rule. 

Proposal 6: In Rel-13 NB-IoT WI, only one subcarrier spacing of 15 kHz is supported for single-tone PRACH transmission. 

Proposal 7: If dedicated frequency resource is allocated for single tone PRACH transmission, guard time is not introduced. Otherwise, guard time is applied to single tone PRACH transmission.
Proposal 8: It is necessary to investigate how to distribute the load to schedule corresponding RAR, Msg3, Msg3 retransmission, and Msg4.

Proposal 9: It is necessary to investigate whether and how both single-tone Msg3 and multi-tone Msg3 can coexist.
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