3GPP TSG RAN WG1 Meeting #83                                                  R1-157351
Anaheim, USA, 15th - 22th November 2015
Source:
NTT DOCOMO
Title:
Initial Views on Technical Design for NB-IoT
Agenda Item:
6.2.6.2
Document for: 
Discussion and Decision
1. Introduction

At the 3GPP RAN#69 meeting, a new work item proposal regarding the Narrow-Band Internet-of Things (NB-IoT) was approved [1]. The work item allows for two different proposals and there remain two different numerologies/multiple access schemes for the downlink and uplink, respectively. At the RAN1#82bis meeting, the evaluation assumptions for three operational scenarios, i.e., in-band, guard-band and stand-alone scenarios, were mainly discussed and agreed. Apart from the discussion on the numerologies/multiple access schemes, designs for synchronization signals and random access channel (RACH) preamble were separately discussed. For the other physical channels, we consider that high level designs and features to be supported for NB-LTE can be discussed even before the evaluation campaign on the numerologies/multiple access schemes is finished. In this contribution, we provide high level views on the technical features to be supported in Rel-13 NB-IoT. 
2. Considerations on Technical Features
The following numerologies are considered for both the downlink and uplink. 
· Downlink

· Option 1A: 15 kHz sub-carrier spacing (with normal or extended CP) 
· Option 1B: 3.75 kHz sub-carrier spacing
· Uplink

· Option 2A: SC-FDMA

· Option 2B: FDMA with GMSK modulation
As discussed in [2], a cost-efficient support for the NB-IoT in the existing NW or maximum reuse of all types of the current eNodeB apparatuses, e.g., digital unit (DU), remote unit (RU) and booster/repeater, is considered to be one of the most important requirements. From this perspective, the FDMA with GMSK is not the best approach while SC-FDMA may also have an impact on the existing LTE NW operation as long as the subcarrier spacing for the uplink is not 15 kHz. Currently, a subcarrier spacing of 2.5 kHz is considered as one of candidates for the following reasons.
· Handling of inaccurate timing estimation
· Accuracy of timing estimation would become worse particularly for the UEs in enhanced coverage. Accuracy of timing estimation may be dependent on the RACH design for the NB-IoT, but an inaccurate timing estimate is expected to incur the inter-carrier interference and inter-symbol interference. In order to absorb the effect of those interferences, a longer CP/symbol length and narrower subcarrier spacing would be required. 
· Capacity enhancement

· For NB-IoT, as the supported BW for a UE is 180 kHz, multiplexing capacity would be limited if the same subcarrier spacing and physical resource block (PRB) structure are maintained. It is pointed out that the capacity would be increased if the subcarrier spacing becomes narrower and the PRB structure is modified accordingly. However, we note that there are some other ways to improve the capacity even for the 15 kHz-subcarrier spacing, e.g., code division multiplexing (CDM) as described below.
If these issues of the 15 kHz-subcarrier spacing are resolved or found to be insignificant, the subcarrier spacing of 15 kHz should be also considered after all evaluations for SC-FDMA and FDMA with GMSK are complete.
Proposal 1: A subcarrier spacing of 15 kHz for the uplink transmissions should be considered. 

In [3] - [6], 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 direction of resource mapping/allocation needs to be modified from the frequency domain (per PRB) to the time-domain (per subframe) since there is not enough resource in the frequency domain. Below, we share the other considerations on the physical channel designs which are considered to be irrelevant to the aforementioned numerologies/multiple access schemes. 
· 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.
· Less-control channel transmissions
· Less-control channel overhead is highly desirable in order to improve spectrum efficiency of NB-IoT. The following techniques can be considered.
· DCI overhead reduction can be considered. For example, the supported MCS would be further reduced since an accurate CSI may not be available. Also, a resource allocation scheme could be simplified if the dynamic frequency scheduling is not supported. We note that a resource allocation granularity in time-domain needs to be supported.
· In order to reduce signaling overhead for the resource configuration and allocation, contention-based or grant-less transmission can be considered. For example, multiple PRBs (resource pools) for NB-IOT are signaled via SIB or are associated with Cell ID, subframe number, etc. Then, for each UE, which resource pool to use is further determined by UE-specific parameter such as PRACH resource and UE-ID for contention-based transmission or determined by the DCI from the eNodeB for the grant-less transmission. In this way, RRC signaling and DCI for resource allocation can be reduced. We also note that such contention-based uplink transmission is being discussed in RAN2 in the context of latency reduction.
· 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.
3. Conclusion
In this contribution, we provided our views on the technical features to be supported for Rel-13 NB-IoT. The features discussed in the document are less relevant to the numerology and multiple access schemes which are under evaluation. According to the discussion, we make the following proposals. 
Proposal 1: A subcarrier spacing of 15 kHz for the uplink transmissions should be considered. 

Proposal 2: The following features to be supported for NB-IoT should be considered for further discussion.
· Frequency selective scheduling
· Frequency hopping
· Less-control channel transmissions 

· Application of CDM for capacity boosting

· Less HARQ operations
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