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1. Introduction

In RAN1#83 meeting, followings are agreed for UL transmission [1]:

	Agreement: 

· Proposal for NB-IoT UL

· Single-tone transmissions are supported

· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz

· A cyclic prefix is inserted

· Frequency domain Sinc pulse shaping in the physical layer description

· Multi-tone transmissions are supported

· Multi-tone transmissions are based on SC-FDMA

· 15 kHz UL subcarrier spacing

· Additional mechanisms for PAPR reduction FFS

· The UE shall indicate the support of Single-tone and/or Multi-tone

· Details to be discussed by WGs


In addition, following working assumptions are made for initial access transmission in RAN#70 meeting [2]:
	Working assumption:

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

· 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


In this contribution, we continue to discuss consideration points to design PRACH transmission for NB-IoT including single-tone PRACH, multi-tone PRACH transmission, and contention/message-based PRACH.
2. Discussion

2.1. PRACH transmission format

2.1.1. Single-tone PRACH transmission

According to [3], single-tone PRACH transmission with tone hopping can achieve power boosting by mapping PRACH into a certain single frequency resource in a unit time, and 0dB PAPR can be theoretically obtained depending on preamble design. With this scheme, arrival time estimation can be performed by using at least two pairs of time and frequency resource. In this case, the range of arrival time to be estimated depends on symbol duration T, which is the inverse of subcarrier spacing. In other words, single-tone PRACH transmission with tone hopping can detect up to T timing error. 
Considering target cell radius (e.g. 35km) and maximum delay spread (e.g. 16.67us), the value of symbol duration T shall be larger than 250us. If subcarrier spacing is set to 3.75kHz, then the symbol duration is 266.67us, which is closed to the required value of symbol duration T. If subcarrier spacing more than 3.75kHz is supported for PRACH transmission, since single-tone PRACH transmission in [3] will not support target cell radius (e.g. 35km), it is necessary to modify preamble mapping method. Simply, within PRACH transmission unit, each symbol will have different value rather than having the same value for all the symbols. 
Proposal 1: If single tone PRACH transmission with tone hopping is supported in Rel-13 NB-IoT, subcarrier spacing can be set to 3.75kHz. It is necessary to investigate whether and how to support more than 3.75kHz subcarrier spacing (e.g. 15kHz).
As an example, for each PRACH transmission unit, ZC sequence can be generated and mapped within the symbols in PRACH transmission unit. If subcarrier spacing is 15kHz and PRACH transmission unit consists of 15 symbols including 4 symbols of CP, the length of ZC sequence will be 11 as shown in Figure 1. Since it uses constant-envelop preamble sequence, it still have 0dB PAPR regardless of phase continuity/discontinuity. Moreover, its autocorrelation property can support target cell radius. The detailed analysis is shown in Appendix A.
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(a) Example of two pair of PRACH transmission unit.
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(b) Exmaple of sequence mapping within each PRACH transmission unit.

Figure 1: Example of modified single-tone PRACH transmission with tone hopping.
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 2: 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.
2.1.2. Multi-tone PRACH transmission
Though single tone transmission can be considered with benefits such as low PAPR, it generally increases the latency to acquire PRACH resource. Particularly, for UEs with large coverage enhancements, it may take a long time till the next available PRACH resource. This would be inefficient for UEs in relatively good coverages. In that point of view, multi-tone transmission still be needed for PRACH transmission. 
In 3GPP TR 45.820 [1], PRACH design for NB-LTE consists of one PRACH area within system bandwidth and 64 PRACH preambles are assumed. If subcarrier spacing is reduced, we can consider reusing the legacy subcarrier spacing of PRACH (i.e., 1.25 kHz) which is more robust against frequency offset compared to narrower subcarrier spacing. If this subcarrier spacing is assumed with ZC sequence size of 139, the PRACH will contain 173.75 kHz among 180 kHz narrowband. This will allow 3.125 kHz guard band in each edge. We can reuse the preamble sequence which is assumed for PRACH format 4 in legacy TDD LTE for this configuration. Regarding the maximum round trip time of 35 km in NB-IoT, the minimum CP duration is set to 250 us (233.33 us propagation delay with delay spread of 16.67us), and the minimum GT (guard time) duration is 233.33us. Considering 1.25kHz subcarrier spacing, preamble sequence will be 800 us. In this case, the minimum duration of a single PRACH transmission unit is 1.3ms as shown in Figure 2-(a). To support coexistence with TDD system especially with 1 UL subframe per half frame, it is necessary to design PRACH transmission unit with 1ms duration. It can be achieved by reducing target cell radius (e.g. 14km) and target maximum delay spread. For instance, both CP duration and GT duration are set to 100us, and the overall time duration of a single PRACH transmission unit is 1ms as shown in Figure 2-(b). 
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Figure 2: Exampble of multi-tone PRACH transmission unit. 
In case of PRACH transmission unit with 1.3ms time duration, since the time duration of the PRACH transmission unit will not be aligned with subframe boundary with 15kHz/3.75kHz subcarrier spacing, it is necessary to define time resource(s) of PRACH transmission unit within single or multiple subframes. Figure 2 presents examples of allocating PRACH time resource for both 15kHz and 3.75kHz subcarrier spacing. Simply, PRACH resource can be allocated aligned with subframe or slot boundary as shown in Figure 2-(a) and Figure 2-(c). For efficient resource utilization, it can be considered to allocate additional PRACH resource in the middle of subframe as shown in Figure 2-(b). 
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Figure 2: Example of time resource allocation for PRCH transmission unit. 
If multiple narrowband is supported within the system for NB-IoT, it is possible to apply FDM and frequency hopping. In that regards, FDM among different coverage class on PRACH resources can be considered. This approach may also allow higher multiplexing capacity potentially by extending the duration of PRACH transmission. When there are more than one PRACH resources in a unit time, a UE can choose one of them randomly or it may be further considered to assign each resource to different coverage class or between initial and retransmission of PRACH or between MAR periodic trigger and MAR aperiodic trigger.

[image: image8.emf]BW

System

kHz

△f

sc

kHz

Guard band

Guard band

Guard band

N

zc

x 

△f

sc

kHz

BW

Guard

kHz

PRACH

PRACH


Figure 3: Example of two PRACH region.
In general, the repetition number per each coverage class will be different. Thus, alignment of PRACH resources among different coverage class could be necessary. One approach is to allocate more PRACH resources to low coverage class UEs (as the population of such UEs is expected to be higher). Another approach is to allow multiplexing PUSCH and PRACH in the same subframe. For example, if one PRACH resource region is not reserved for PRACH, it can be used for PUSCH instead. Overall, allowing more than one PRACH resource in a unit time can provide flexibility of resource sharing.
Similar to LTE-MTC, both FDM and TDM can be supported for PRACH resource multiplexing. It is also noted that FDM not only within a narrowband but also among different narrowbands if the system provides multiple narrowbands can be considered.
Proposal 3: Both FDM and TDM are considered for PRACH resource multiplexing for UEs.
As mentioned earlier, single-tone PRACH format and multi-tone PRACH format have pros and cons, and its usefulness will depend on target scenario and NB-IoT UEs. When multiple NB-IoT UEs with different target scenario or requirement are deployed, it can be considered that both single-tone and multi-tone PRACH transmissions coexist. Considering PAPR, latency, and coverage level, UE can select either single-tone or multi-tone transmission for PRACH transmission. In this case, simply, it is necessary to allocate different time and frequency resources between single-tone PRACH format and multi-tone PRACH format. 
Proposal 4: It is necessary to investigate whether and how both single-tone PRACH and multi-tone PRACH can coexist.
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 5: It is necessary to investigate how to distribute the load to schedule corresponding RAR, Msg3, Msg3 retransmission, and Msg4.
Regarding working assumption made in RAN#70, Msg3 can be form of single-tone transmission. In a similar manner with that of PRACH, multi-tone transmission still have benefit in terms of latency, and 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. Or, transmission type of Msg3 can be aligned with that of corresponding PRACH or preamble index. 
Proposal 6: 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: If single tone PRACH transmission with tone hopping is supported in Rel-13 NB-IoT, subcarrier spacing can be set to 3.75kHz. It is necessary to investigate whether and how to support more than 3.75kHz subcarrier spacing (e.g. 15kHz).
Proposal 2: 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 3: Both FDM and TDM are considered for PRACH resource multiplexing for UEs.
Proposal 4: It is necessary to investigate whether and how both single-tone PRACH and multi-tone PRACH can coexist.

Proposal 5: It is necessary to investigate how to distribute the load to schedule corresponding RAR, Msg3, Msg3 retransmission, and Msg4.

Proposal 6: It is necessary to investigate whether and how both single-tone Msg3 and multi-tone Msg3 can coexist.
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Appendix A
The range of arrival time to be estimated can be derived by using autocorrelation analysis for a given PRACH sequence or signal. In case of single-tone PRACH with tone-hopping described in [3], without loss of generality, two pair of time and frequency resource can be given by 
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In this case, if the CP length is larger than the arrival time, the autocorrelation function can be expressed as following equation: 
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Considering 
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, then the absolute value of the autocorrelation function forms cosine function with period T, which is the symbol duration. 
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Since T is the period of the autocorrelation function of single-tone PRACH transmission in [3], the range of the arrival time to be estimated can be shown in Figure A.1 depending on the subcarrier spacing. 

[image: image13.png]Correlation

08

>

2

02

50

100 150
Arrival Time[us]

200

250




(a) Subcarrier spacing = 3.75kHz.
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(b) Subcarrier spacing = 15kHz.

Figure A.1: Example of the absolute value of the autocorrelation function for single-tone PRACH transmission with tone hopping. 
As mentioned earlier, with 15kHz subcarrier spacing, single-tone PRACH transmission in [3] cannot support target scenario (e.g. cell radius = 35km). However, in the modified approach described in section 2.1.1., the peaks of the autocorrelation function are no longer repeated within the region of interest as shown in Figure A.2. Furthermore, since its amplitude is constant as shown in Figure A.3, the cubic metric of this approach is -0.8236 (which corresponds to 0dB PAPR). 
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Figure A.2: Example of the absolute value of the autocorrelation function for modified single-tone PRACH transmission with tone hopping with 15kHz subcarrier spacing. 
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Figure A.3: Example of the amplitude of modified single-tone PRACH transmission with tone hopping with 15kHz subcarrier spacing. 
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