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1 Introduction
To speed up NB-IoT standardization process, NB-IoT may follow most of design of LTE or eMTC. PDSCH design of LTE or eMTC is reviewed in this contribution and corresponding design of NB-PDSCH is proposed in this contribution. In addition, multiplexing of NB-PDCCH and NB-PDSCH and related issues are also discussed.
2 General view on NB-PDSCH
Design aspects of NB-PDSCH are examined one by one as follows :

1.  Resource mapping : Resource mapping within per PRB pair in LTE is “frequency first, and then in time”, i.e., modulated symbols are allocated among 12 subcarriers (excluding CRS ports) of the first OFDM symbol, and then the 12 subcarriers of the second OFDM symbol, …, and so on. There seems no particular benefit to change the order of resource mapping. Hence, we suggests to keep “frequency first, and then time” rule. 
2.  RV : TBCC is working assumption and there is no RV design of TBCC in LTE. Unless significant gain by introducing RV design is verified, no RV design is preferred due to the simplicity.
Proposal #1: RV of TBCC is not supported in NB-IoT unless significant performance gain is justified.
3.  Channel coding : Current working assumption is TBCC
4.  Modulation : Since there is no demanding of high data rate for NB-IoT, “QPSK as baseline, FFS on 16-QAM” is preferred.
5.  HARQ : Since there is no demanding of high data rate for NB-IoT, single HARQ process is preferred. For scheduling flexibility, asynchronous HARQ is suggested. For flexibility, adaptive HARQ is suggested. However, when NW thinks it is not necessary to change TBS/RV/repetition number and other parameters, a compact DCI with only a few bits may be used instead of normal DCI to reduce overhead. The compact DCI is not only used for retransmission but also possible to be applied for new transmission as long as there was transmission of normal DCI before.
6.  TM : Although beamforming may provide better performance, it needs complicated CSI feedback mechanism and additional RSs. Therefore, LTE-CRS associated with SFBC or SISO is preferred. Moreover, considering the complexity of NB-IoT devices, up to 2 TX ports is preferred.
7.  Anchor channel and frequency hopping : With anchor channel, it is expected system overhead of NB-PSS/NB-SSS/NB-PBCH can be reduced when there are more than one narrowband. Frequency hopping is expected to provide diversity gain to improve system performance. However, the standardization efforts are huge to introduce these two features. Therefore, the study on anchor channel and frequency hopping is preferred in Rel-14.
Proposal #2: The study on anchor channel and frequency hopping is preferred in Rel-14.
3 Multiplexing of NB-PDCCH and NB-PDSCH
In this section, the multiplexing (Mux) of NB-PDCCH and NB-PDSCH is discussed. Some NB-PDSCH related topics are also addressed.
· Mux of NB-PDCCH and NB-PDSCH
· Resource allocation of NB-PDSCH
· Repetition of NB-PDSCH for coverage enhancement
Some design considerations are addressed beforehand. The first topic is the multiplexing of NB-PDCCH and NB-PDSCH (or the multiplexing of NB-PDSCH and NB-PDSCH). “Pure TDM” is preferred compared to “TDM+FDM” because of more chance to turn off receiver for power saving. Figure 1 is provided for explanation. Since there is no much diversity gain difference between “Pure TDM” and “TDM+FDM”, it is expected the required RE numbers for the transmission of fixed information bits shall be close in these two different schemes. When “TDM+FDM” is applied, receiver needs to be awake more time to receive data.
Observation #1: “Pure TDM” provides more chance for NB-IoT device to turn off for power saving.
Proposal #3: “Pure TDM” is applied for multiplexing of NB-PDCCH and NB-PDSCH, and also for multiplexing of assigned NB-PDSCH for different NB-IoT devices.
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Figure 1. “Pure TDM” vs “TDM+FDM”
For enhanced coverage NB-IoT device, it might takes more than hundreds subframes for transmission of one transport block. To prevent the transmission of enhanced coverage NB-IoT device to “block” the transmission of normal coverage NB-IoT device for a long while, it is preferred to have the design guide line:

· To define a scheduling window, which includes NB-PDCCH and NB-PDSCH

· When repetition is necessary for enhanced coverage device, the repetition is across scheduling window

· When repetition is necessary, the transmission for specific device does not occupy whole NB-PDCCH/NB-PDSCH within a scheduling window
Proposal #4: To define a scheduling window, which includes NB-PDCCH and NB-PDSCH.
Proposal #5: When repetition is necessary for enhanced coverage device, the repetition is across scheduling window.
Proposal #6: When repetition is necessary, the transmission for specific device does not occupy whole NB-PDCCH/NB-PDSCH within a scheduling window.
Details and remaining issues are addressed in the following sub-sections.

3.1 Mux of NB-PDCCH and NB-PDSCH
Regarding to Mux of NB-PDCCH and NB-PDSCH, it is proposed that a scheduling window is defined, for example : 20ms (20 subframes) as a scheduling window. Excluding NB-PSS, NB-SSS, and NB-PBCH subframes, the first Y subframes can be configured as NB-PDCCH region. The candidates of Y depends on NB-PDCCH design and is FFS. The value “Y” may be signaled in SIB and is semi-static. The rest subframes within the scheduling window are NB-PDSCH subframes. Figure 2 shows one example with scheduling window as 20ms and NB-PDCCH region is configured as 6 subframes. In the example, number of subframes of NB-PDCCH per scheduling window is 6. However, the number of subframes of NB-PDSCH per scheduling window may not be a fixed value, and it depends on design of NB-PSS/NB-SSS/NB-PBCH. In Figure 2, number of subframes of NB-PDSCH is 9 per scheduling window. The scheduling window aligns frame boundary of LTE may bring convenient configuration of some procedures, for example : DRX, Paging, …, etc.
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Figure 2. Mux of NB-PDCCH and NB-PDSCH
3.2 Resource allocation of NB-PDSCH
“Pure TDM” for multiplexing of assigned NB-PDSCH for different NB-IoT devices is preferred as addressed in Observation #1. There is one remaining question, which is “Is one PRB pair (identical to one subframe in NB-IoT) still the minimum unit for resource allocation?”. It is possible to design so that the minimum resource allocation of NB-PDSCH is less than one subframe. Taking in-band deployment for example, there are 232 bits in one subframe in case of QPSK. When coding rate is 1/3, the carrying TBS is less than 80 bits. There seems no necessary to define an even smaller TBS. Therefore one subframe being the minimum resource allocation unit is preferred.
Proposal #7: One PRB pair (one subframe) is the minimum resource allocation unit for NB-PDSCH.
Resource allocation of NB-PDSCH may follow Resource allocation type 2 of LTE with little modification. The only difference is that RB pair counts in time domain rather than in frequency domain. Moreover, NB-PDSCH region is considered as continuous after excluding all non-NB-PDSCH subframes.
Proposal #8: Resource allocation of NB-PDSCH may follow Resource allocation type 2 of LTE.
3.3 Repetition of NB-PDSCH for coverage enhancement
Repetition of transmission may be necessary for enhanced coverage NB-IoT device. To prevent the transmission of enhanced coverage NB-IoT device to “block” the transmission of normal coverage NB-IoT device for a long while, it is preferred that the transmission of enhanced coverage NB-IoT device does not occupy all NB-PDSCH subframes within a scheduling window and the repetition is across scheduling window as shown in Figure 3.
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Figure 3. Repetition of transmission across scheduling window
4 Conclusion
General view of NB-PDSCH design is discussed and analyzed, and corresponding design of NB-PDSCH is proposed in this contribution. In addition, multiplexing of NB-PDCCH and NB-PDSCH and related issues are also discussed.

Proposal #1: RV of TBCC is not supported in NB-IoT unless significant performance gain is justified.
Proposal #2: The study on anchor channel and frequency hopping is preferred in Rel-14.
Proposal #3: “Pure TDM” is applied for multiplexing of NB-PDCCH and NB-PDSCH, and also for multiplexing of assigned NB-PDSCH for different NB-IoT devices.
Proposal #4: To define a scheduling window, which includes NB-PDCCH and NB-PDSCH.
Proposal #5: When repetition is necessary for enhanced coverage device, the repetition is across scheduling window.
Proposal #6: When repetition is necessary, the transmission for specific device does not occupy whole NB-PDCCH/NB-PDSCH within a scheduling window.
Proposal #7: One PRB pair (one subframe) is the minimum resource allocation unit for NB-PDSCH.
Proposal #8: Resource allocation of NB-PDSCH may follow Resource allocation type 2 of LTE.
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