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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 

Agreements:

· NB-IoT supports a physical downlink shared channel, NB-PDSCH

Regarding the DL transmission for the NB-IoT, support for a single numerology of 15 kHz-subcarrier spacing was agreed. This implies that most features and design aspects of the legacy PDSCH can be reused to the NB-PDSCH. In this contribution, we provide our initial views on the technical features to be supported for the NB-PDSCH. 
2. Usage of multiple PRBs

Usage of multiple PRBs for the NB-IoT would be beneficial to accommodate more IoT devices. There are several methods to utilize multiple PRBs for NB-IoT. 

· Alt. 1: Support multiple stand-alone PRBs

· Alt. 2: Support a single primary PRB for cell selection/reselection and configure secondary PRB for NB-IoT UEs 

In Alt. 1, NB-IoT UE can camp on any PRBs containing NB-PSS/SSS and NB-PBCH from the very beginning. However, the motivation for this option is not clear at this stage. We also note that option 1 may increase the UE power consumption for initial cell selection and duplicate transmission of NB-PSS/SS and NB-PBCH. Hence, we slightly prefer Alt. 2 although details of Alt. 2 need to be further clarified. 

Proposal 1: Multiple PRBs should be available for NB-IoT UEs in RRC_CONNECTED.

Proposal 2: A single anchor PRB for NB-IoT per band is supported. Secondary PRBs without NB-PBCH and/ or NB-PSS/SSS are also supported and configured by higher layer signaling (SIB or RRC signaling).
In Alt. 2, it should be further discussed when and how to configure the secondary PRBs. The following options can be considered.

· Option 1-1: Explicit way: Configure a secondary PRB via RRC signaling

· This approach is the most straight-forward and relies on the RRC signaling to configure a secondary PRB for a UE.
· Option 1-2: Explicit way: Configure a secondary PRB via dynamic signalling 
· Dynamic PRB indication through DCI can be considered. For load-balancing purpose only, semi-static approach would be sufficient. 
· Option 2: Select one PRB in implicit way (e.g., coverage level)

· PRB is implicitly selected based on some parameters such as UE-ID, coverage level, and PRACH resource. If the whole PRBs are considered as candidates for NB-IoT UE, the radio resource for the legacy operation would be fragmented and inefficient. Hence, depending on the traffic situation, those candidate PRBs to be used for NB-IoT would be restricted by SIB. Then, a secondary PRB is implicitly and statically derived from those candidate PRBs. In this way, multiple PRBs would be available even during the RACH procedure.

In our view, option 1-1 or option 2 is preferred. Between options 1-1 and 2, if multiple PRBs can be used during the RACH procedure for Option 2, we prefer option 2.

Proposal 3: Further investigate to configure multiple PRBs by SIB and determine one secondary PRB based on UE-specific and/or CE level-specific parameter.

3. Designs and features for NB-PDSCH
In [2] - [5], the overview of physical channel designs is described and a basic principle is to reuse the current LTE transmission scheme as much as possible. Some modification would be, however, needed. For instance, the time-domain resource mapping using multiple subframes would be necessary since only one PRB is used and there is not enough resource in the frequency domain. Below, we share the other considerations on the physical channel designs.
· Frequency selective scheduling
· This feature may not be needed even though the UE has a frequency retuning functionality. CSI measurement/reporting per PRB may become more challenging.
· Frequency hopping 
· In order to ensure the robustness against the fading channels and to achieve the frequency diversity gains, this feature would be needed for most physical channels. The frequency hopping designs to be specified for the eMTC could be reused.
· Application of CDM for capacity boosting

· As we discussed above, there is a motivation to enhance the capacity of NB-IoT. During eMTC discussion, for this purpose of capacity enhancement, there are proposals [7], [8] to adopt CDMA when the repetition is applied. According to [7], the capacity enhancement can be achieved without any noticeable performance degradation. Hence, the application of CDMA could be considered. 
· Less HARQ operations

· HARQ may be relaxed depending on service types and QoS. In order to reduce the amount of feedback, e.g., PUCCH, a transmission/reception without HARQ can be also considered.
· MCS
· The supported MCS would be further reduced since an accurate CSI may not be available. 
· TBS
· The maximum TBS supported in eMTC is 256 bits for 1 PRB. When the increased maximum TBS is to be supported, the overhead for the NB-PDCCH would be decreased. When the maximum TBS is increased compared to that for eMTC as agreed, it should be further discussed whether one TB can be transmitted using 1 subframe or it should be mapped to multiple subframes.

· Resource allocation

· A resource allocation could be simplified if the dynamic PRB indication is not supported as discussed in Section 2. We note that a resource allocation granularity in time-domain may need to be supported.
· 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.
4. Conclusion
In this contribution, we provided our views on the technical features to be supported for Rel-13 NB-IoT. Support of multiple PRBs for NB-IoT UEs makes NB-IoT more attractive. In this document, we made the following proposals regarding how to use multiple PRBs.
Proposal 1: Multiple PRBs should be available for NB-IoT UEs in RRC_CONNECTED.

Proposal 2: A single anchor PRB for NB-IoT per band is supported. Secondary PRBs without NB-PBCH and or NB-PSS/SSS are also supported and configured by higher layer signaling(SIB or RRC signaling).
Proposal 3: Further investigate to configure multiple PRBs by SIB and determine one secondary PRB based on UE-specific and/or CE level-specific parameter.
In addition, we discussed other DL features necessary for the NB-IoT. According to the discussion, we make the following proposals. 
Proposal 4: The following features to be supported for DL NB-IoT should be considered for further discussion.
· Frequency hopping
· Less-control channel transmissions 

· Application of CDM for capacity boosting

· Less HARQ operations
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