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1 Introduction

At the last RAN1 #83 meeting in Anaheim, CA a compromise WF was agreed to progress the work on an NB-IoT system for a cellular Internet-of-Things based on a non-backward compatible variant of the E-UTRA air interface. For the NB-IoT downlink, OFDMA with 15 kHz subcarrier spacing was adopted whereas for the uplink, single-tone and multi-tone transmissions will be supported. Initial technical design decisions were also reached, e.g., on TDD support and synchronization signal design. With respect to the NB-IoT downlink design, working assumptions on the use of SFBC for operation with 2 Tx antenna ports and the use of TBCC as in LTE for all NB-IoT downlink channels were agreed. In this contribution, we further present our views on the design aspects of the various NB-IoT downlink channels, in particular, on the NB-PDSCH design. 
2 NB-IoT Downlink Shared Channel Design Considerations
Figure 1 shows the proposed processing diagram for the NB-IoT Physical Downlink Shared Channel (NB-PDSCH). The modulated symbols for transmission on the NB-PDSCH are created according to Rel. 8 LTE specifications for the legacy PDSCH [1]

 REF _Ref440025004 \r \h 
[2] and are detailed in Sections 2.1 to 2.7. However, the mapping of these symbols to the physical resource elements of the OFDM time-frequency resource grid needs to be changed for NB-IoT systems due to the coexistence with legacy LTE channels and signals for in-band deployments and, potentially, due to the “clean-slate” deployment in LTE guard-bands or even in a standalone manner (Section 2.8). Lastly, a possible reference signal design for NB-PDSCH demodulation is discussed in Section 2.9. 
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Figure 1: Block diagram of the NB-PDSCH channel processing
2.1 CRC Attachment
Error detection through Cyclic Redundancy Check (CRC) follows Section 5.3.2.1 in [2]. The entire transport block is used to calculate the L=24 CRC parity bits. We propose to reuse the same maximum TBS size as in eMTC, i.e., 1,000 bits to avoid code block segmentation. 
Proposal 1:
· Error detection through Cyclic Redundancy Check (CRC) follows Section 5.3.2.1 in TS 36.212
2.2 Channel Coding
Tail biting convolutional encoding according to section 5.1.3.1 in [2] is used for the NB-PDSCH channel coding. In other words, we propose to confirm the working assumption to re-use TBCC as in LTE. It is not clear at the moment if support of redundancy versions (RVs) for NB-PDSCH is needed, however, additional specification work for TS 36.212 would be required if TBCC with RVs would be adopted. In light of the limited time left to complete the work item, we don’t see a reason to revert the working assumption from RAN1 #83. Note that for larger transport blocks, it may be possible to map a single transport block to multiple subframes thereby avoiding a very high initial code rate.
Proposal 2:

· Tail biting convolutional encoding according to section 5.1.3.1 in TS 36.212 is used (confirm the working assumption)

· Redundancy versions (RVs) for NB-PDSCH are not supported
2.3 Rate Matching
Rate matching follows Section 5.3.2.4 in TS 36.212 [2]. 
Proposal 3:

· Rate matching follows Section 5.3.2.4 in TS 36.212
2.4 Scrambling

The scrambling sequence for the NB-PDSCH is given in 7.2 of TS 36.211 [1]. The same initialization as in Section 6.3.1 of [1] can be used for NB-IoT. 
Proposal 4: 

· The scrambling sequence for the NB-PDSCH is given in 7.2 of TS 36.211 [1] and is initialized as in Section 6.3.1 of [1]
2.5 Modulation Mapping

The NB-PDSCH is transmitted using QPSK according to Section 7.1 of TS 36.211 [1]. 16QAM can be considered as well. 
Proposal 5: 

· The NB-PDSCH is transmitted using QPSK according to Section 7.1 of TS 36.211 [1]. 16QAM can be considered as well
2.6 Layer Mapping

The modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in [1] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
Proposal 6:

· The modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in TS 36.211 for a single NB-RS antenna port and more than one NB-RS antenna port, respectively
2.7 Precoding

The modulated symbols are precoded according to Sections 6.3.4.1 and 6.3.4.3 in [1] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
Proposal 7: 

· The modulated symbols are precoded according to Sections 6.3.4.1 and 6.3.4.3 in TS 36.211 for a single NB-RS antenna port and more than one NB-RS antenna port, respectively
2.8 Resource Element Mapping

NB-PDSCH resource mapping can follow the basic principles in Sections 6.3.5 and 6.4 of TS 36.211 [1]. For standalone and guard-band deployments, NB-PDSCH can be mapped to the time/frequency grid that generates the OFDM waveform taking only NB-IoT signals and channels into account. In contrast, for in-band operation, NB-IoT operation needs to protect legacy channels and signals that coexist within the NB-IoT resources to which the NB-PDSCH is mapped. To this end, the NB-MIB indicates the LTE CRS resources so the NB-PDSCH can be rate matched properly. In addition, the NB-PDSCH starting symbol can be configured such that the entire legacy control region is protected. Frequency first, time second mapping of the modulated symbols to the resource elements available for NB-PDSCH transmission can be re-used. NB-IoT signals and channels should not be mapped to the center six PRBs of the donor LTE system in in-band operation and this should be captured in the NB-IoT specifications. In addition, it should be possible to exclude mapping of the NB-PDSCH to certain subframes such as MBSFN subframes. Such information could be configured at the NB-IoT UE via system information broadcast.
Proposal 8:
· NB-PDSCH resource mapping can follow the basic principles in Sections 6.3.5 and 6.4 of TS 36.211

· Frequency first, time second mapping of the modulated NB-PDSCH symbols is adopted

· The center six PRBs of the donor LTE system in in-band operation are precluded from NB-IoT operation

· NB-PDSCH is not mapped to certain resources in in-band operation (LTE CRS REs, legacy control region, MBSFN subframes …)

To simplify the specification effort and to account for a timely completion of the work item, we propose to not introduce sub-PRB allocations of the NB-PDSCH. Rather the NB-PDSCH is mapped to entire subframes, i.e., multiple NB-PDSCHs are multiplexed in a time-division multiplexing (TDM) manner. Contiguous and non-contiguous resource allocations can be considered to trade-off latency with inter-user blocking especially in the extreme coverage case. The transport block mapping to physical resources is indicated in the downlink control information. 

Proposal 9:
· Sub-PRB allocations of the NB-PDSCH are not supported

· Multiple NB-PDSCHs are multiplexed in a time-division multiplexing (TDM) manner

· Contiguous and non-contiguous resource allocations can be considered

· The transport block mapping to physical resources is indicated in the downlink control information
2.9 NB-PDSCH Reference Signal Design

Figure 2 and Figure 3 depict possible reference signal designs for demodulation of the NB-PDSCH. By shifting the legacy CRS positions in the time domain, collision with CRS transmitted by other cells with a different v-shift is avoided. Alternatively, the legacy CRS positions can be shifted in the frequency domain. In this case, the NB-RS may collide with the CRS of a neighboring cell depending on that cells PCI. On the other hand, such a frequency domain shift avoids collisions with legacy CSI-RS that may occur when the NB-RS is shifted depending on the PCI as is the case with the legacy CRS. 
Irrespective of the NB-RS pattern, the legacy CRS sequence generation can be re-used for NB-RS transmissions. Therefore, the number of REs carrying CRS for antenna ports one and two is identical with the number of REs carrying NB-RS for antenna ports 100 and 101. Definition of more than two NB-RS antenna ports may not be needed for NB-IoT systems.
To further simplify NB-IoT UE receiver structures, we also propose to use the same NB-RS pattern for demodulation in all NB-IoT modes of operation (guard-band, in-band, standalone).
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Figure 2: NB-PDSCH reference signal design
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Figure 3: Alternate NB-PDSCH reference signal design
3 Conclusion

In this contribution, we present our views on design aspects of the NB-PDSCH channel. The following are the proposals:
Proposal 1:
· Error detection through Cyclic Redundancy Check (CRC) follows Section 5.3.2.1 in TS 36.212
Proposal 2:

· Tail biting convolutional encoding according to section 5.1.3.1 in TS 36.212 is used (confirm the working assumption)

· Redundancy versions (RVs) for NB-PDSCH are not supported
Proposal 3:

· Rate matching follows Section 5.3.2.4 in TS 36.212
Proposal 4: 

· The scrambling sequence for the NB-PDSCH is given in 7.2 of TS 36.211 [1] and is initialized as in Section 6.3.1 of [1]
Proposal 5: 

· The NB-PDSCH is transmitted using QPSK according to Section 7.1 of TS 36.211 [1]. 16QAM can be considered as well
Proposal 6:

· The modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in TS 36.211 for a single NB-RS antenna port and more than one NB-RS antenna port, respectively
Proposal 7: 

· The modulated symbols are precoded according to Sections 6.3.4.1 and 6.3.4.3 in TS 36.211 for a single NB-RS antenna port and more than one NB-RS antenna port, respectively
Proposal 8:
· NB-PDSCH resource mapping can follow the basic principles in Sections 6.3.5 and 6.4 of TS 36.211

· Frequency first, time second mapping of the modulated NB-PDSCH symbols is adopted

· The center six PRBs of the donor LTE system in in-band operation are precluded from NB-IoT operation

· NB-PDSCH is not mapped to certain resources in in-band operation (LTE CRS REs, legacy control region, MBSFN subframes …)
Proposal 9:
· Sub-PRB allocations of the NB-PDSCH are not supported

· Multiple NB-PDSCHs are multiplexed in a time-division multiplexing (TDM) manner

· Contiguous and non-contiguous resource allocations can be considered

· The transport block mapping to physical resources is indicated in the downlink control information
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