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1. Introduction

At the RAN1#83 meeting, the evaluation results for three operational scenarios, i.e., in-band, guard-band and stand-alone scenarios, were mainly presented. Based on the technical discussion and observations, the following progress was made [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

· Proposal for NB-IoT DL

· Downlink transmission with 15kHz subcarrier spacing for all the scenarios: standalone, guardband, in-band 

Regarding the UL transmission for the NB-IoT, both single-tone and multi-tone transmissions are supported. Furthermore, at the 3GPP RAN#70 meeting, there were some technical discussions and the following LS was sent out to the working groups [2].

· 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. 

Based on the above LS and the fact that a single-tone transmission is a new feature, more specification work is foreseen for single-tone transmission than that for multi-tone transmission. In this contribution, we focus on the single-tone transmission and provide our initial views on the technical features to be supported for the PUSCH in NB-IoT. 
2. Resource unit for PUSCH
According to [1] and [2], a single-tone transmission needs to be supported even for multi-tone transmission for coverage and capacity purposes. It seems to be natural that 1 and 12 subcarriers would be supported. In addition, a finer granularity would be needed by supporting more tones, e.g., 2, 3, 4, and 6. In our view, support of all the number of tones, i.e., 1~12, is not necessary and should be narrowed down to a fewer number of tones such as [1, 2, 4, 12], or [1, 3, 6, 12]. Although we don’t have a strong preference for the exact numbers, four values for the tones seem to be sufficient. 
When a fewer number of tones is supported, a new resource unit (RU) associated with a single transport block (TB) may need to be defined. Currently, for Rel-13 eMTC, the TBSs of {16, 24, 32, 40, 56, 72, 328, 104, 120, 136, 144, 176, 208, 224, 256} are supported for 1 PRB pair. For a single tone transmission, if similar set of TBSs is not supported, the NB-PDCCH overhead would be an issue. Thus, we prefer to reuse similar set of TBSs even for the single-tone transmission. In order to retain the above set of TBS without supporting higher order modulation, more resources in time-domain would be needed, e.g., 12 subframes are needed. Similarly, for 2 and 4 subcarriers, 6 and 3 subframes are required. If support of multiple subframes per RU is a problem, removal of some larger TBSs such as 256 can be further considered.
Proposal 1: Four values of tones, e.g., [1, 2, 4, 12] or [1, 3, 6, 12], are supported for multi-tone transmission.

Proposal 2: UL resource unit is defined such that the common set of TBSs is used for both single-tone and multi-tone transmissions as much as possible. UL resource unit comprises multiple subframes for transmissions of less than 12 subcarriers.
Proposal 3: For both single-tone and multi-tone transmissions, the maximum TBS of 256 bits should be considered as the baseline. Investigate further the necessity of larger TBS (for multi-tone transmission).
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Figure 1 – Example of UL resource unit for single-tone and multi-tone transmissions.

3. Designs and features for PUSCH
Below, we share the initial considerations on the features and designs for the PUSCH.
· Usage of multiple PRBs

· It would be beneficial to allow the NB-IoT to utilize multiple PRBs. Similarly to the DL discussion, in order to support multiple PRBs, RRC configuration and/or implicit method can be considered [4].
· Frequency hopping 
· Similarly to the DL, in order to ensure the robustness against the fading channels and to achieve the frequency diversity gains, this feature would be preferred. 
· Application of CDM for capacity boosting

· According to [3] during eMTC discussion, the capacity enhancement can be achieved without any noticeable performance degradation. The application of CDMA may not be challenging. On the other hand, the motivation to support CDM is to boost the capacity and the capacity for NB-IoT somehow depends on whether multiple NBs can be used or not as discussed in [4]. If multiple PRBs can be available for NB-IoT. The application of CDM may not be top-priority.  
· Less HARQ operations

· HARQ may be relaxed depending on service types and QoS. In order to reduce the amount of feedback, e.g.,NB-PDCCH a transmission/reception without HARQ can be also considered.

· Resource allocation

· A resource allocation could be simplified if the dynamic PRB indication is not supported. 
· Unlike the downlink, in order to support single tone transmission, a new type of resource allocation needs to be specified. There is no strong motivation to use dynamic resource indication within a 180kHz BW. Hence, resource allocation would be performed semi-statically or implicitly in order to reduce the overhead of the DCI. For example, a higher layer configuration of tone location, or implicit resource allocation using CCE index of the NB-PDCCH and an offset value controlled by DCI can be considered.
· RV cycling for repetition

· RV cycling would be beneficial to improve the performance and this can be considered as in eMTC.

· Channel coding

· TBCC can be considered as the baseline.

· DM-RS position

· For both single and multi-tone transmissions, the legacy DM-RS position should be considered as the baseline unless if there is an issue. 

4. Conclusion
In this contribution, we presented our views on the resource unit for the UL NB-IoT used for both single-tone and multi-tone transmissions. In this document, we made the following proposals.
Proposal 1: Four values of tones, e.g., [1, 2, 4, 12] or [1, 3, 6, 12], are supported for multi-tone transmission.

Proposal 2: UL resource unit is defined such that the common set of TBSs is used for both single-tone and multi-tone transmissions as much as possible. UL resource unit comprises multiple subframes for transmissions of less than 12 subcarriers.

Proposal 3: For both single-tone and multi-tone transmissions, the maximum TBS of 256 bits should be considered as the baseline. Investigate further the necessity of larger TBS (for multi-tone transmission).

In addition, we discussed other UL features necessary for the NB-IoT. According to the discussion, we make the following proposals. 
Proposal 4: The following features to be supported for UL NB-IoT should be considered for further discussion.
· Usage of multiple PRBs

· Frequency hopping
· Implicit PUSCH tone allocation

· Less-control channel transmissions 

· Application of CDM for capacity boosting

· Less HARQ operations

References

[1] 3GPP R1-157783, CMCC, et al., “Way Forward on NB-IoT,” Nov. 2015.
[2] 3GPP RP-152299, RAN, “LS on NB-IoT,” Dec. 2015.
[3] 3GPP R1-152913, Panasonic, “Multiple subframe code spreading for MTC UEs,” May 2015.
[4] 3GPP R1-160166, DOCOMO, “Design and feature for PDSCH,” Jan. 2016. 
- 4/4 -

[image: image1]