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Introduction
In the RAN1 NB-IoT ad-hoc meeting, the following agreements were made on NB-PDCCH [1].
	Agreements:
· A CCE for NB-PDCCH is composed by resources within a subframe
· Within a PRB pair, 2 CCEs are defined 
· Single antenna port transmission is also supported based on the above definition 
· Same transmission scheme is applied to NB-PDCCH, NB-PBCH, and NB-PDSCH
· REG is not defined for NB-PDCCH
· Within CCE resource(s) for NB-PDCCH transmission, a SFBC pair is transmitted consecutively available two REs which is within a OFDM symbol
· REs within SFBC pair can be separated at most one tone
· LTE CRS (if present) is rate matched
· NB-RS is rate matched
· This has no implication of NB-RS patterns
· FFS: handling of CSI-RS REs
· For NB-IoT, 
· One CCE consists of 6 subcarriers per OFDM symbol in a subframe
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:
· TDM at subframe level for extended and extreme coverage.
· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM


In this contribution, we share our considerations on CCE resource mapping and NB-PDCCH/NB-PDSCH multiplexing between different UEs for NB-IoT.
Discussions
CCE resource mapping
[bookmark: OLE_LINK1]In the NB-IoT ad hoc meeting, it was agreed for reference signals of NB-IoT as follows [1]:
· At least NB-RS is always present and always used for single antenna port and 2 antenna ports transmission schemes
· FFS: Additional utilization of LTE CRS in in-band operation mode
· For NB-PDCCH/NB-PDSCH,
· In-band operation
· NB-RS is present without condition
· Stand-alone and guard-band operations
· Only NB-RS is used
Taking into account the achieved agreements on NB-PDCCH, the CCE resource mappings are shown in Figure1 and Figure 2 for stand-alone/guard-band and in-band operations respectively.
[bookmark: OLE_LINK2][bookmark: OLE_LINK6]Figure 1 shows the CCE resource mapping for stand-alone and guard-band operations. Only NB-RS is used for NB-PDCCH/NB-PDSCH. Considering SFBC was agreed to be used for NB-PDCCH/NB-PDSCH transmission, two resource elements (RE) (consecutive or separated by one RS RE) in one OFDM symbol are used for a SFBC pair. And these two REs are alternately selected for the two CCEs in one OFDM symbol.

 







       Figure 1 CCE resource mapping for stand-alone and guard-band operations
Figure 2 shows the CCE resource mapping for in-band operation. Except the NB-RS used for NB-PDCCH/NB-PDSCH demodulation, LTE CRS is presented in in-band operation. Figure 2(a) shows two LTE CRS ports presented in the NB-IoT PRB pair and Figure 2(b) shows four LTE CRS ports presented in the NB-IoT PRB pair. The same rules for CCE resource mapping in stand-alone and guard-band operations are applied for in-band operation.  

                         

                          








(a)                                       (b)  
                 Figure 2 CCE resource mapping for in-band operation
Proposal 1:
· For CCE resource mapping, two REs (consecutive or separated by one RS RE) in one OFDM symbol are used for a SFBC pair and these two REs are alternately selected for the two CCEs.
NB-PDCCH/NB-PDSCH multiplexing   
It was agreed that NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE. However, How to multiplex NB-PDCCH and NB-PDSCH of different UEs and how to multiplex multiple NB-PDSCH are not decided. Two options can be used to multiplex NB-PDCCH and/or NB-PDSCH:
· Option 1: Multiplex NB-PDCCH and NB-PDSCH of different UEs based on TDM at subframe level.
· Option 2: Multiplex NB-PDCCH and NB-PDSCH of different UEs based on CCE in one NB-IoT PRB pair.  

For option 1, when a NB-IoT UE in extreme coverage is scheduled, other NB-IoT UEs have to wait for a long time to be scheduled. So the latency will be large even for a NB-IoT UE in a good channel condition. One solution proposed in last meeting is to schedule NB-IoT UEs in extreme coverage in discontinuous subframes. However, this solution needs additional standardization efforts.
For option 2, according to the agreements on NB-PDCCH, CCE should be defined for NB-IoT. It is a straightforward way to multiplex NB-PDCCH and NB-PDSCH of different UEs based on CCE in one NB-IoT PRB pair without additional standardization efforts.
In addition, for IoT applications the data transmission usually contains a small number of bytes (e.g. alarm information, measurement, or some short commands) [2], only a part of the NB-IoT PRB pair can carry such small data for NB-IoT UEs in good channel condition. Therefore, multiple NB-PDSCH should be multiplexed based on CCE in one NB-IoT PRB pair at least for NB-IoT UEs in good channel condition to improve the spectral efficiency.  
Proposal 2:
· NB-PDCCH and NB-PDSCH of different UEs should be multiplexed based on CCE in one NB-IoT PRB pair at least for normal coverage UEs.
· Multiple NB-PDSCH should be multiplexed based on CCE in one NB-IoT PRB pair at least for normal coverage UEs.
Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· For CCE resource mapping, two REs (consecutive or separated by one RS RE) in one OFDM symbol are used for a SFBC pair and these two REs are alternately selected for the two CCEs. 
Proposal 2:
· NB-PDCCH and/or NB-PDSCH of different UEs should be multiplexed based on CCE in one NB-IoT PRB pair at least for normal coverage UEs. 
· [bookmark: _GoBack]Multiple NB-PDSCH should be multiplexed based on CCE in one NB-IoT PRB pair at least for normal coverage UEs.
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