3GPP TSG RAN WG1 Meeting #82bis

R1-155510
Malmo, Sweden, 5th – 9th October 2015

Source:
Samsung

Title:
Narrowband IoT – Overview of Downlink Design
Document for:
Discussion and Decision
Agenda item:
7.2.6.2.2
1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IOT) was approved to specify a radio access solution for cellular internet of things [1]. NB-IOT should support 3 different modes of operation, i.e., standalone operation, guard-band operation, and in-band operation. In this contribution, we discuss the downlink design options and describe the downlink design.
2. Downlink Design Options

In [1], it was mentioned that two numerology options can be considered for NB-IOT.

· 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)

Among three operation modes, in-band and guard-band modes are more challenging than standalone mode in order to achieve performance objectives due to reduced transmit power at a BS for NB-IOT. We need to carefully investigate the impact of the downlink numerology on the performance in the two modes. Since the sub-carrier spacing of 3.75 kHz is different from the sub-carrier spacing of 15 kHz used in LTE, the interference between LTE and NB-IOT is inevitable as will be shown in Sec. 2.1. 
If the sub-carrier spacing of 15 kHz is used, legacy CRSs can be exploited in in-band mode. Legacy CRS, however, cannot be used if the sub-carrier spacing of 3.75 kHz is used. Moreover, the resource elements of NB-IOT corresponding to legacy CRS should be punctured in order not to affect the operation of legacy UEs.
When the sub-carrier spacing is 3.75 kHz, the complexity increases at a BS for generation of NB-IOT signals since different IFFT operations are required for LTE and NB-IOT.
Considering these aspects, 15 kHz is preferred in in-band and guard-band modes. To achieve commonality between designs for three modes, we choose 15 kHz sub-carrier spacing in downlink design.
2.1 Interference Analysis with Sub-carrier Spacing of 15 kHz and 3.75 kHz
Fig. 1 shows power spectral density (PSD) of LTE and NB-IOT with subcarrier spacing of 3.75 kHz when in-band mode is activated. When the subcarrier spacing of NB-IOT is 15 kHz, the PSD of NB-IOT is the same as that of LTE. Threfore, it is not necessary to use additional digital-domain filtering process when the subcarrier spacing of NB-IOT is 15 kHz, because it is (almost) orthogonal to LTE. To make fare comparison, we also assume that there is no additional digital domain filtering process when the subcarrier spacing is 3.75kHz. 
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Figure 1. Power Spectral Density comparison of LTE and NB-IOT
Fig. 2 shows the signal-to-interference ratio (SIR) versus frequency, where LTE is the signal and NB-IOT is the interference. As shown in the figure, adjacent RBs of LTE suffer serious interference from NB-IOT with subcrrarrier spacing 3.75 kHz. Thus additional filtering process and/or guard band between LTE and NB-IOT are needed when NB-IOT adopts subcarrier spacing of 3.75 kHz. Additional filtering process leads to more complexity compared to NB-IOT with subcarrier spacing of 15 kHz. In addition, if we use guard band between LTE and NB-IOT to reduce interference, downlink capacity of NB-IOT also decreases.
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Figure 2. Per subcarrier SIR of LTE when NB-IOT is deployed in LTE in-band.
Proposal 1: The sub-carrier spacing of 15 kHz is preferred on the downlink for all three operation modes.

3. Downlink PHY Design 
Based on the 15 kHz sub-carrier spacing, the DL design is introduced in this part. 
3.1 Channelization 
A 180 kHz spectrum is divided into a number of sub-carriers and guard bands as shown in Figure 3. The fundamental parameters are:
· Sub-carrier spacing = 15 kHz
· Number of usable sub-carriers = 12 (180 kHz)
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Figure 3: Frequency channelization in downlink
3.2 Frame Structure

The DL frame structure is shown in Fig. 4. The subframe duration, slot duration, and symbol duration is exactly the same as LTE. 
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Figure 4: Frame Structure of NB-IOT Downlink 

3.3 Physical Channels and Signals

A downlink physical channel corresponds to a set of resource elements carrying information originating from higher layers. The following physical downlink channels are defined:

· Narrowband Broadcast Channel (N-PBCH) [2]
· For system and cell specific information

· Narrowband Downlink Control Channel (N-PDCCH) [3]
· For RACH response, DL assignment, UL assignment, ACK to N-PUSCH, Paging
· Multiple N-PDCCHs can be multiplexed in frequency domain
· Narrowband Downlink Shared Channel (N-PDSCH) [3]
· For data traffic
· Multiple N-PDSCHs can be multiplexed in frequency domain
The following physical downlink signals are defined:

· Narrowband Synchronization Signals [4]
· For time/frequency synchronization and cell search

· Narrowband Reference Signals 

· For channel estimation and measurements
· Additional N-CRS can be used
An example of time and frequency allocation of physical downlink channels and signals is shown in Figure 5.
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Figure 5: Time and frequency allocations of downlink channels and signals in NB-IOT
More detailed descriptions of each channel and signal can be found in [2-4]. And the results of performance evaluation of each channel and signal can be found in [5].
4. Conclusions
In this contribution, the downlink design options are discussed and overall downlink frame structure is presented. Our proposal is as follows.

Proposal 1: The sub-carrier spacing of 15 kHz is preferred on the downlink for all three operation modes.
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