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1. Introduction

In RAN#69 meeting, narrow band Internet of Things (NB-IoT) has been approved as a new work item [1]. 
This contribution discusses overall design for downlink for NB-IoT. 
2. Simplification from LTE and LTE-MTC

One of the objective of NB-IoT is to provide ultra low device cost and low power consumption. Based on LTE design, it thus requires simplifying some functionality which is not essential for IoT devices. Since LTE-MTC has already simplified some functionality such as PCFICH, TM supports, etc., we consider that LTE-MTC is a good starting point for NB-IoT functionality. In other words, a NB-IoT device is not required to support
· PCFICH

· PHICH

· More than single layer, TM 3, 4, 5, 8, 10

· Periodic CSI at least in large coverage case, 

Additionally, we consider that the following simplification would further reduce the device cost and power consumption. 

· Support only a single TM: since it is envisioned that PBCH will be demodulated using different RS from legacy CRS by introducing a new RS for IoT system, we consider that a unified transmission scheme based on the newly introduced RS can be considered. This implies that a IoT device may not support TM1/2 or 9. Instead, it can support a single transmission scheme based on the newly defined RS. 

· Single HARQ process: to simplify the overall design and cost, adopting single HARQ process can be considered. If single HARQ process is introduced, transmission of SIB needs to be designed in consideration of single HARQ process (e.g., a UE may not be able to receive multiple SIBs in a interleaving fashion, rather it may read SIB in a sequential manner. Thus, sequential transmission of SIB would be more appropriate for IoT system). 

· No PUCCH format support: A/N or CSI may be transmitted only via explicit trigger or scheduling. This would simplify the uplink design. 

· No SRS support: Periodic SRS transmission may not be necessary as a IoT device generally tends to have very sporadic uplink traffic. Aperiodic SRS transmission can be replaced with PUSCH. 

· No periodic CSI feedback: With infrequent downlink transmissions, the benefits of periodic CSI feedbacks are not clear. At least from the power consumption perspective, it is desirable to reduce measurement/feedback requirements. Aperiodic CSI feedback may be further considered, though, the functionality can be simplified. 

With such simplifications, we think that the following aspects can be focused in IoT physical layer procedures. 

· Transmission scheme based on the newly defined RS: a single transmission scheme can be designed. One example of this single transmission scheme is to modify TM9 with the newly defined RS can be the same as DM-RS. Another alternative is to extend CRS with additional CRS to enhance the performance. Either way, we consider it would be desirable to support a single transmission scheme and single channel estimation regardless of control and data unless there is a strong motivation to introduce more than one. 
· Multiplexing among multiple coverage classes: simultaneously supporting multiple coverage classes in 180Khz for both downlink and uplink needs to be supported. This may be supported in a FDM or TDM manner. Generally, we prefer TDM as FDM may require the resource allocation unit of PDSCH becomes smaller than 1 RB. If FDM within 1 RB is introduced, we see some potential drawbacks. Firstly, if DM-RS type channel estimation is used, new UE-specific RS pattern covering only a few subcarriers would be necessary, which may be less efficient compared to 1 RB RS pattern. Also, by FDM, transmission time will be prolonged, which then consume more energy. Another aspect is the additional specification work to introduce FDM. If FDM is considered, we have a preference to restrict this over multiple IoT carriers only as supported in eMTC. When TDM is considered, efficient multiplexing mechanism (such as interlaced resource allocations or extending TTI by mapping frequency domain PRBs to time-domain resource block) would be necessary. 
· Power-efficient multiplexing between control and data region: to reduce the power consumption, it could be necessary to restrict the resources for control channel monitoring. One mechanism is to allocate a subset of available resource blocks to a UE such that a UE does not have to monitor every possible resource block for its control message transmission. 

· Expanded TTI: With restricted 1RB allocation per 1mec in NB-IoT, it seems natural to extend TTI beyond 1msec. Also, transmission of a channel generally requires more than a few subframes. Thus, expanding TTI and expanding the size of one frame would be necessary. 

· New RS design: Due to the lack of information of legacy system in inband operation, utilizing legacy CRS for IoT PBCH transmission seems not easily doable. Though it can be considered to utilize PSS/SSS for PBCH demodulation, we prefer a new RS used for PBCH for the following reasons. 

· The unified design between standalone and inband is necessary. If legacy CRS is used for data demodulation, the legacy CRS needs to be transmitted in stand-alone scenario. This could however lead high RS overhead. 

· Different data demodulation between PBCH and SIB: if legacy CRS is used for SIB, different demodulation between PBCH and SIB are used. This is not desirable from a ultra low cost UE perspective. Thus, we prefer a single demodulation RS among all channels. 

We could reuse DM-RS design for a new RS. However, a new RS may be considered if FDM among different UEs/different coverage classes is considered. 
Alternatively, if a UE can assume that inband scenario is a collocated scenario, by detecting a cell ID of a NB-IoT carrier, it can also assume the cell ID of the legacy carrier sharing the frequency/power in inband scenario is the same as NB-IoT cell ID. In such a case, utilizing legacy CRS for PBCH detection is also possible as long as the location of PRB where IoT carrier is deployed is also known to the UE. In terms of PRB location, we can consider fixing the PRB location where NB-IoT PBCH/PSS/PSS is transmitted. One example is to assume 37th subcarriers from the center of the legacy system center frequency is the starting subcarrier of NB-IoT carrier PBCH/PSS/PSS transmission (i.e., the center is 43th subcarrier from the center). Utilizing legacy CRS can be beneficial as PBCH can be mapped to all available REs excluding legacy control regions. As legacy CRS density itself may not be sufficient, even with legacy CRS, additional RS should be considered. When legacy CRS is used for PBCH detection, we like to utilize the same mechanism even in guard band and stand-alone scenario to have a common PBCH design/mapping. 
Besides, a new synchronization signals, new PBCH design, SIB transmission mechanism, etc. are needed. Also, new measurement would be necessary to determine a cell quality as well as a UE’s coverage class. 

3. Synchronization and Broadcast Channel

For synchronization, please refer our companion contribution [2]. Mainly, we discuss PBCH and SIB transmission in this contribution. As discussed in [2], due to UE complexity and synchronization detection performance, we propose to not differentiate operating scenario (inband vs. guardband vs. stand-alone) via PSS/SSS. Thus, a UE may not know whether there is legacy signals present or not until it detects PBCH. For PBCH mapping, thus, the common design among all three scenarios should be assume including resource mapping. As discussed in previous section, if the UE can assume the same cell ID is used in NB-IoT carrier in inband scenario to the legacy cell ID collocating with NB-IoT carrier, legacy CRS can be used for PBCH demodulation as long as the scrambling of CRS can be known to the UE with some predefined value. If this is used, it is desirable to transmit the same CRS even in guard-band and standalone at subframe where PBCH is transmitted. When PBCH is utilizing CRS with potentially additional RS, the remaining questions would be 

· Whether multiple CRS ports (2 or 4) are supported. 

· If multiple ports are supported, how does UE differentiate different cases.

· What would be the transmission scheme (e.g., SFBC, random precoding)
Before we progress on such questions, it needs to be clarified whether legacy CRS can be used for PBCH decoding. 

Next, in terms of PBCH content, we consider the following information can be considered. 

· SFN: assuming 640msec is duration where the same PBCH is transmitted, frame number changing in 640msec window can be signalled from PBCH. 

· Operating scenario
· PRB location of SIB1 transmission (and/or SIB1 scheduling information including TBS)

Proposal 1: Consider a new RS (which could be additional RS to legacy CRS or new RS based on DM-RS pattern) for PBCH and SIB demodulation. 

4. Control channel

For control channel design, with its maturity and the commonality with LTE-MTC, we prefer to use EPDCCH or M-PDCCH for NB-IoT as well. As mentioned above, it is however further considered how to support multiple coverage class UEs at the same time not to increase power consumption and blocking probability. More details can be found in our companion contribution [2]. 
5. Shared Data Channel

For the low cost, we prefer to utilize one channel coding for each downlink and uplink. Since TBCC is most likely to be used in control channel, we consider that TBCC can be used for data transmission as well. 

Proposal 2: TBCC is considered for PDSCH.

6. Conclusion
This contribution discusses some aspects related on downlink design for NB-IoT. The following captures our proposals. 

Proposal 1: Consider a new RS (which could be additional RS to legacy CRS or new RS based on DM-RS pattern) for PBCH and SIB demodulation. 
Proposal 2: TBCC is considered for PDSCH.
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