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1 Introduction

In the revised WID “Revised WI: NarrowBand IOT (NB-IOT)” ([1]) approved in RAN #70 meeting, downlink numerology was down-selected to:

· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
In RAN1#83 meeting, the following agreements and working assumption on downlink design were made [2]:
Agreement:
· NB-IoT supports a physical downlink control channel, NB-PDCCH.
· NB-IoT supports a physical downlink shared channel, NB-PDSCH.
Working Assumption:
· NB-IoT supports operation with more than one DL tx antenna port.
· For operation with 2 DL tx antenna ports, NB-IoT uses SFBC.
In this contribution, we discuss multiplexing of downlink channels for NB-IOT.
2 Multiplexing of NB-PDSCH and NB-PDCCH
There are two alternatives for multiplexing of NB-PDCCH and NB-PDSCH.

Alt.1: TDM
Alt.2: FDM+TDM
An example of is shown in Figure 1. Similar to Rel-13 eMTC, UL asynchronous HARQ is supported for NB-IoT. The minimum resource allocation unit of NB-PDSCH is one PRB, i.e., one DL subframe. Multiple NB-PDCCHs can be multiplexed within single PRB using NB-CCE as discussed in [3]. Alt.1 is simple and has better backward compatibility. In addition, the standardization impact of Alt.1 is small to ensure quick standardization of NB-IoT in Rel-13.
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Figure 1 TDM of NB-PDCCH and NB-PDSCH
For Alt.2, even though FDM within single PRB is supported, TDM is still the mandatory solution because of the very narrow band, i.e., 180 kHz. Supporting FDM implies that both of NB-PDCCH and NB-PDSCH should support sub-carrier level resource allocation unit. It would cause significant standardization impact. Fixed FDM pattern would cause resource waste while dynamic FDM pattern is more flexible but with large control overhead. In addition, subcarrier-level resource allocation is not beneficial for the DL coverage enhancement and cannot bring significant scheduling gain.
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Figure 2 FDM + TDM
Above all, TDM of NB-PDCCH and NB-PDSCH is more preferable.
Proposal 1: TDM of NB-PDCCH and NB-PDSCH is supported. Multiplexing of NB-PDCCH and NB-PDSCH within one PRB is not supported.
3 Multiplexing of multiple NB-PDSCHs
As discussed in Section 2, the minimum resource allocation unit of NB-PDSCH is one PRB. Subcarrier-level based resource allocation unit is not necessary for NB-PDSCH. Multiple NB-PDSCHs would be multiplexed by TDM.
Since NB-PDSCH transmission is scheduled by NB-PDCCH, the number of subframe(s) for NB-PDSCH transmission can be indicated by DCI. TDM is used for either multiplexing of unicast and broadcast traffic or multiplexing of broadcast traffics. Simultaneous reception is not required. For control-less traffic, NB-SIB1 is transmitted in predefined locations which at least fully occupies one subframe and unicast NB-PDSCH would be scheduled to other subframes. When NB-PDSCH are repeated for enhanced coverage, unicast NB-PDSCH can be postponed to next subframe if collided with NB-SIB1 transmission.
Proposal 2: TDM of multiple NB-PDSCHs is preferable.
4 Multiplexing of multiple NB-PDCCHs
The basic resource unit of NB-PDCCH is NB-CCE. Generally, multiple NB-PDCCHs are TDMed. For normal coverage case, different NB-PDCCHs can be multiplexed in the unit of NB-CCE within a subframe to increase the resource utilization. If minimum aggregation level is used for NB-PDCCH, 4 NB-PDCCHs can be multiplexed in the same subframe.
For enhanced coverage, NB-PDCCH repetition is needed. In order to reduce the resource fragments, NB-PDCCH will occupy all the NB-CCEs in a subframe. In this case, multiple NB-PDCCHs are multiplexed by TDM.

Proposal 3: For enhanced coverage, TDM of multiple NB-PDCCHs is preferable.
5 Consideration on collision
· Collision between NB-PBCH/NB-PSS/NB-SSS and NB-PDCCH/NB-PDSCH
NB-PBCH and NB-PSS/NB-SSS are transmitted in a predefined location. At least for in-band operation mode, NB-PBCH/NB-PSS/NB-SSS will not be multiplexed with NB-PDCCH/NB-PDSCH in the same subframe. But for guard-band and standalone operation mode, NB-PBCH/NB-PSS/NB-SSS may be multiplexed with NB-PDCCH/NB-PDSCH in the same subframe. 

For enhanced coverage, NB-PDCCH/NB-PDSCH repetition may collide with NB-PBCH/NB-PSS/NB-SSS. Two methods can be considered if collision occurs:
Method 1: to postpone. In this case, NB-PBCH/NB-PSS/NB-SSS subframes are considered as unavailable subframes, NB-PDCCH/NB-PDSCH repetition will be postponed to next subframe.
Method 2: to drop. If transmission of NB-PDCCH/NB-PDSCH repetition collides with NB-PBCH/NB-PSS/NB-SSS subframes, NB-PDCCH/NB-PDSCH will be dropped. The collision subframes will be counted into the repetition number.
Considering that location of NB-PBCH/NB-PSS/NB-SSS is predefined and known to all NB-IOT UEs in a cell, “postpone” method is preferable. 
· Collision between NB-SIB1/NB-SIBx and NB-PDCCH/NB-PDSCH
Locations of NB-SIB1 transmission are fixed for a certain coverage level. Resources in a subframe are fully occupied by NB-SIB1 regardless of the operation mode. NB-SIB1 will not be multiplexed with other NB-PDCCH/NB-PDSCH transmission in the same subframe. NB-SIBx can be scheduled by NB-SIB1. NB-SIBx also would fully occupy the resources in a subframe and not be multiplexed with other NB-PDCCH/NB-PDSCH transmission in the same subframe.
For enhanced coverage, NB-PDCCH/NB-PDSCH repetition will be postponed to the next subframe if collided with NB-SIB1/NB-SIBx.
· Collisions for in-band operation mode
For in-band operation mode, it has been agreed that NB-PSS/NB-SSS/NB-PBCH does not use the first three OFDM symbols occupied by LTE PDCCH. NB-PDCCH and NB-PDSCH also need to avoid collision with LTE PDCCH symbols.
For simple implementation, the first three OFDM symbols would be excluded for NB-IoT system. Alternatively, the starting OFDM symbol of NB-IoT system can be signalled by NB-SIB1 for better flexibility. The latter scheme is preferable since it is more beneficial for resource efficiency
Regarding CRS, NB-PDCCH/NB-PDSCH can use it as decoding reference signal. A potential issue is whether the NB-IoT UE knows the number of antenna ports of LTE system. If the number of antenna ports is unknown to the NB-IoT UE, maximum of 4 antenna ports can be reserved for NB-IoT to avoid collision. It may cause resource waste. If 2 antenna ports are assumed for NB-IOT, NB-PDCCH/NB-PDSCH may collide with LTE CRS if antenna port of LTE system is 4. NB-PDCCH/NB-PDSCH will be punctured if colliding with LTE CRS. It is preferable to indicate the number of CRS antenna ports by MIB to avoid resource waste and collision.
Regarding PRS and CSI-RS, in order to reduce the impact on LTE system, NB-PDCCH/NB-PDSCH will be punctured if collision occurs.

Proposal 4: For enhanced coverage, NB-PDCCH/NB-PDSCH repetition will be postponed to the next subframe if collided with NB-PBCH/NB-PSS/NB-SSS/NB-SIB1.
Proposal 5: NB-PDCCH/NB-PDSCH needs to avoid collision with LTE PDCCH, CRS, PRS and CSI-RS for in-band operation. 
· Starting OFDM is signaled by NB-SIB1. 
· CRS antenna ports are indicated by NB-PBCH.
·  REs of NB-PDCCH/NB-PDSCH will be punctured if collision with PRS and CSI-RS.
6 Use of first three OFDM Symbols
For standalone and guard band operation modes, all OFDM symbols in a subframe are available for NB-IOT system. Use of first three OFDM symbols issue is only for subframes carrying NB-PBCH/NB-PSS/NB-SSS.
For in-band operation mode, NB-PBCH/NB-PSS/NB-SSS will occupy all the REs except for the REs occupied by LTE PDCCH and CRS. NB-PBCH/NB-PSS/NB-SSS will not be multiplexed with NB-PDCCH and NB-PDSCH within a subframe. For standalone and guard band operation modes, if the first three OFDM symbols are not used for NB-PBCH/NB-PSS/NB-SSS, it may be considered for NB-PDCCH/NB-PDSCH transmission for resource efficiency improvement.. 
Use of the first three OFDM symbols can be used by following options.

· Option 1: The first three OFDM symbols in each subframe are used independently for a NB-PDCCH/NB-PDSCH transmission.
· Option 2: The first three OFDM symbols in multiple subframes are grouped together and used for a NB-PDCCH/NB-PDSCH transmission.
Consideration this issue may only impact few subframe and need some more specification, use of the first three OFDM symbols could be for further study in Rel-14. 
Proposal 6: Use of the first three OFDM symbols could be for further study in Rel-14 for standalone and guard band operation modes.
7 Conclusions

In this contribution, considerations on DL multiplexing have been discussed. We make the following proposals:
Proposal 1: TDM of NB-PDCCH and NB-PDSCH is supported. Multiplexing of NB-PDCCH and NB-PDSCH within one PRB is not supported.
Proposal 2: TDM of multiple NB-PDSCHs is preferable.
Proposal 3: For enhanced coverage, TDM of multiple NB-PDCCHs is preferable.
Proposal 4: For enhanced coverage, NB-PDCCH/NB-PDSCH repetition will be postponed to the next subframe if collided with NB-PBCH/NB-PSS/NB-SSS/NB-SIB1.
Proposal 5: NB-PDCCH/NB-PDSCH needs to avoid collision with LTE PDCCH, CRS, PRS and CSI-RS for in-band operation. 

· Starting OFDM is signaled by NB-SIB1. 

· CRS antenna ports are indicated by NB-PBCH.
·  REs of NB-PDCCH/NB-PDSCH will be punctured if collision with PRS and CSI-RS.

Proposal 6: Use of the first three OFDM symbols could be for further study in Rel-14 for standalone and guard band operation modes.
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