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1. Introduction

In RAN#69 meeting, NarrowBand Internet of Things (NB-IoT) was approved as a new work item based on 3GPP TR 45.820 [1].  The objectives of NB-IoT related to physical layer are as the follows. 

NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier

In particular, the following will be supported:

· 180 kHz UE RF bandwidth for both downlink and uplink

· OFDMA on the downlink

· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)

· For the uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA) 

· Technical analysis will either perform a down-selection or decide on inclusion of both 

· The two above will strive for single solution / down-selection, and the decision will be performed by RAN #70 on the basis of RAN1 evaluation. 
· RAN1 evaluation will be based on

· For the standalone mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with the exception of impacts to GSM base station baseband)

· For in-band & guard-band mode of operation: on scenarios and criteria documented in 3GPP TR 45.820 Sections 4 & 5, and Annex A (with exception of impacts to GSM base station baseband and RF), plus newly defined scenarios and criteria based upon the same TR e.g. interference to/from legacy LTE operation

· For power consumption, latency, and capacity, this evaluation will assume use of Gb interface towards the core network

· RAN1 evaluation will be based on a detailed numerical assessment in addition to any pass/fail criteria

· RAN1 will involve RAN2 as necessary

· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
· MAC, RLC, PDCP and RRC procedures based on existing LTE procedures and protocols and relevant optimisations to support the selected physical layer
This contribution discusses overall design for uplink for NB-IoT. 
2. Subcarrier spacing
In uplink, different from downlink, narrower subcarrier spacing is being considered. The main motivation of narrower subcarrier spacing is to allow higher multiplexing capacity to handle massive IoT devices, and also utilize longer CP for timing error. Reducing subcarrier spacing in UL however may not be working effectively in inband TDD case. Even in FDD in inband scenario, due to protecting some legacy SRS, PRACH, eICIC, etc., it is also necessary to consider discontinuous uplink subframes (in other words, configuration of valid uplink subframes for IoT devices in inband scenario would be necessary). In such a case, if TTI of NB-IoT is expanded over a few legacy subframes where at least one subframe is not vaild, then the entire TTI would not be usable, which may lead less available uplink resources. In terms of multiplexing capacity, since uplink will be scheduled by the network explicitly, TDM-type of multiplexing among different UEs can be considered. Given this, further consideration on larger subcarrier spacing such as 15Khz and 7.5Khz would be necessary. When 7.5Khz subcarrier spacing is used, it could be supported in some TDD DL/UL configurations while increasing the multiplexing capability twice. 

Proposal 1. Considering TDD and unavailable UL subframes in FDD, further investigation on large subcarrier spacing such as 15 kHz and/or 7.5 kHz would be necessary. 

3. FDMA with GMSK vs. SC-FDMA
Based on some observations that there could be a different ways of reducing PAPR on SC-FDMA with single tone transmission, and potentially better spectral efficiency with SC-FDMA, we propose to adopt SC-FDMA with single tone transmission for uplink transmission. Some results of PAPR comparison between single tone and multi tone can be found in [2], where multi tone transmission considerably increases PAPR. Further considerations to enhance data rate without increasing PAPR based on single tone transmission could be considered.
Proposal 2.  SC-FDMA is used for uplink transmission. 
4. PRACH transmission

If subcarrier spacing is reduced, new PRACH structure may be necessary. Firstly, we can consider reusing the legacy subcarrier spacing of PRACH (i.e., 1.25 kHz) which is more robust against frequency offset compared to the 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. This guard can be used between legacy uplink and NB-IoT uplink or NB-IoT and GSM uplink. If this is used, we can reuse PRACH configuration/preamble sequence of PRACH format 4 used in TDD. 
In IoT with maximum round trip time of 35Km, the minimum guard time (GT) becomes 250 us (233 us propagation delay with delay spread of 16.67us). Preamble sequence can be 800us. If this is used, the minimum duration to transmit one PRACH segment is about 1.3msec. In case a PRACH less than 1msec is necessary to support a certain set of TDD DL/UL configuration, the target cell radius can be reduced such as to 14Km. The benefit of smaller PRACH duration is that it can be mapped to any number of consecutive available subframes. In case 6msec TTI is used for uplink (e.g., using 2.5kHz PUSCH subcarrier spacing), four PRACH transmissions can be accommodated within 6msec by placing 1.5msec PRACH segment. The following shows an example of the proposal.
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More details on PRACH can be found in our companion contribution [3]. 
5. Pre-grant resource pool
According to [1], 80% of traffic is expected to be MAR periodic and rarely MAR exception reports will be triggered. Since the periodicity of MAR traffic is rather large, a UE whenever wakes up will probably go through RACH procedure again to get uplink synchronized. RACH procedure however leads considerable overhead due to hand-shaking and contention resolution. After RACH procedure, the UE still needs uplink grant to transmit any uplink transmission. To handle rather periodic traffic by massive IoT devices, pre-grant based uplink transmission can be considered. For example a UE can be preconfigured with uplink grant which can be effective periodically, and the UE may transmit uplink at the configured resource if there is data. Otherwise, it can skip transmission on the configured resource. This can be similar to SPS PUSCH, though pre-grant will be effective though the UE goes into RRC_IDLE. Since a UE may move out of the network coverage or switch the cell, reserving a dedicated resource per each UE could be inefficient. Also, periodic message transmission may not always follow exact period. In that regards, it can be further considered to reserve or pre-grant a set of resource pools to a group of UEs where one resource may be shared among multiple UEs. 
Regardless whether the resource is shared among UEs or dedicated to a UE, to support such pre-grant mechanism for RRC_IDLE UEs e.g., handling of inaccurate TA configuration, needs to be further addressed. 

Proposal 3. Consider introducing pre-grant based PUSCH transmission. 

6. Conclusion

This contribution discusses a few aspects related to uplink design for NB-IoT. The following captures our proposals.

Proposal 1. Considering TDD and unavailable UL subframes in FDD, further investigation on large subcarrier spacing such as 15 kHz and/or 7.5 kHz would be necessary. 

Proposal 2.  SC-FDMA is used for uplink transmission. 
Proposal 3. Consider introducing pre-grant based PUSCH transmission. 

7. Reference

[1] 3GPP TR 45.820 V2.1.0, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”
[2] R1-155804, “PAPR comparison of uplink modulation schemes for NB-IoT”, LG Electronics, RAN1#82bis

[3] R1-155802, “Discussion on PRACH for NB-IoT”, LG Electronics, RAN1#82bis
