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Introduction
In the RAN1 #83 meeting, the following agreements were made on downlink design for NB-IoT [1].
	Agreements:
· NB-IoT supports a physical downlink control channel, NB-PDCCH
· NB-IoT supports a physical downlink shared channel, NB-PDSCH
Note that this does not imply anything about the design of these channels 
Note that final naming of the channels is up to the specification editors. 
Companies are encouraged to consider details of downlink control channel and scheduling design for the Jan ad-hoc meeting. 


In this contribution, we share our considerations on downlink resource multiplexing for NB-IoT.
Discussions
Multiplexing NB-PDCCH and NB-PDSCH
[bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK2][bookmark: OLE_LINK6]NB-PDCCH carries scheduling assignments for NB-PDSCH and NB-PUSCH. This is the same as that of EPDCCH in LTE. Intuitively, the multiplexing design of NB-PDCCH can reuse that of EPDCCH. However, in LTE EPDCCH multiplexes PDSCH in the same subframe via FDM based on PRB. According to the WID on Narrowband IoT [2], NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. That is to say the maximum allocated bandwidth for a NB-IoT UE is one PRB. So the multiplexing between EPDCCH and PDSCH based on PRB cannot be applied for NB-PDCCH and NB-PDSCH. TDM is one option for the multiplexing between NB-PDCCH and NB-PDSCH. However, if TDM is adopted, when a UE in large enhanced coverage is scheduled, it needs huge number of repetitions for NB-PDCCH and NB-PDSCH transmission respectively. So other UEs have to wait for a long time to be scheduled even if the UE has a good channel quality. Therefore, in order to reduce the latency, it is better to multiplex NB-PDCCH and NB-PDSCH in one NB-IoT PRB.   
Proposal 1:
· NB-PDCCH and NB-PDSCH should be multiplexed in one NB-IoT PRB.
Multiplexing Multiple NB-PDSCH   
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]NB-PDSCH carries UE data, broadcast system information which is not carried on PBCH (SIBs), and paging messages. In LTE, the smallest scheduling granularity for PDSCH is one PRB. If MU-MIMO is not adopted, multiple PDSCH cannot be transmitted in the same PRB. As mentioned in section 2.1, the RF bandwidth of NB-IoT UEs is 180 kHz. If adopting the same scheduling granularity as that of PDSCH in LTE for NB-PDSCH, multiple NB-PDSCH should be transmitted in different subframes. Therefore, when SIBs and paging messages are transmitted, NB-IoT UEs cannot be scheduled. Especially when a NB-IoT UE in large enhanced coverage is scheduled, other NB-IoT UEs have to wait for a long time to be scheduled. The latency will be large even for a NB-IoT UE in a good channel condition. So it is better to multiplex multiple NB-PDSCH in one NB-IoT PRB.        
Proposal 2:
· Multiple NB-PDSCH should be multiplexed in one NB-IoT PRB.

Multiplexing scheme 
The following schemes can be used for multiplexing NB-PDCCH and NB-PDSCH, and multiplexing multiple NB-PDSCH in one NB-IoT PRB. 
· FDM 
Subcarriers are used to multiplex NB-PDCCH and NB-PDSCH, and multiplex multiple NB-PDSCH in one NB-IoT PRB. In LTE, EPDCCH and PDSCH are multiplexed based on PRB. If FDM is adopted to multiplex NB-PDCCH and/or NB-PDSCH, additional specification efforts will be needed. In addition, because NB-PDCCH and NB-PDSCH only cover a few subcarriers, the demodulation performance will be worse than the case whose REs being allocated to NB-PDCCH/NB-PDSCH are evenly distributed in the NB-IoT PRB.    
· TDM
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]OFDM symbols are used to multiplex NB-PDCCH and NB-PDSCH, and multiplex multiple NB-PDSCH in one NB-IoT PRB. In LTE, PDCCH and PDSCH are multiplexed via TDM based on OFDM symbols. However, the minimum system bandwidth of LTE is 1.4 MHz (or 6 PRBs), instead of one PRB, if TDM is adopted to multiplex NB-PDCCH and/or NB-PDSCH, additional specification efforts will be needed. In addition, it will be difficult to achieve a common design for the 3 operation modes, because the first 3 OFDM symbols should be reserved for legacy PDCCH in in-band operation. 
· Combining FDM and TDM
REs (or EREGs) are used to multiplex NB-PDCCH and NB-PDSCH, and multiplex multiple NB-PDSCH in one NB-IoT PRB. In LTE, EREGs are defined for the mapping of enhanced control channels to resource elements. The same concept can be reused for NB-IoT to multiplex NB-PDCCH and/or NB-PDSCH. The specification efforts will be less compare to the other schemes. In addition, it can achieve better performance than that of FDM/TDM because the REs are evenly distributed in the NB-IoT PRB.      
· CDM
Spreading sequences can be used to multiplex NB-PDCCH and NB-PDSCH, and multiplex multiple NB-PDSCH in one NB-IoT PRB. For example, 12 length spreading sequences are generated for each OFDM symbol and different spreading sequences are allocated for different NB-IoT UEs. This scheme needs additional specification efforts and introduces spreading and de-spreading complexity. 
[bookmark: _GoBack]Therefore, we propose the multiplexing scheme combining FDM and TDM should be considered for NB-IoT.
Proposal 3
· The multiplexing scheme combining FDM and TDM should be considered to multiplex NB-PDCCH and NB-PDSCH, and multiplex multiple NB-PDSCH in one NB-IoT PRB.

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1:
· NB-PDCCH and NB-PDSCH should be multiplexed in one NB-IoT PRB. 
Proposal 2:
· Multiple NB-PDSCH should be multiplexed in one NB-IoT PRB. 
Proposal 3:
· The multiplexing scheme combing FDM and TDM should be considered to multiplex NB-PDCCH and NB-PDSCH, and multiplex multiple NB-PDSCH in one NB-IoT PRB.  
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