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1 Introduction
Many aspects of NB-PDSCH are discussed and agreed in RAN1 NB-IoT Adhoc meeting [1]. For example

· QPSK baseline, 16-QAM FFS
· HARQ process : single, adaptive, asynchronous

· Channel coding : TBCC

Two remaining important topics of NB-PDSCH are multiplexing and resource allocation. We will discuss multiplexing and resource allocation in this contribution.
2 Multiplexing and resource allocation of NB-PDSCH
In this section, the multiplexing and resource allocation of NB-PDSCH is discussed. Related topics are to be addressed in sub-section.

· Scheduling window of NB-PDSCH

· Resource allocation of NB-PDSCH

· Repetition of NB-PDSCH for coverage enhancement

· Timing relationship of NB-PDCCH and NB-PDSCH
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” is better for NB-IoT device to turn off for power saving.
Proposal #1: “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. For example, from our evaluation, it takes more than 500 subframes for a transport block of 520bits to achieve 10% BLER in In-band deployment @ MCL=164dB. 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 of NB-PDSCH

· When repetition is necessary for NB-PDSCH, the repetition is across scheduling window 
· To avoid “block” issue, NW may schedule a transmission with many repetitions not to occupy whole NB-PDSCH subframes within a scheduling window.
Proposal #2: To define a scheduling window of NB-PDSCH.
Proposal #3: When repetition is necessary for NB-PDSCH, the repetition is across scheduling window.
Another alternative is to introduce “transmission gap” for DL transmission, which takes long time, so that DL transmission for normal coverage device can use “transmission gap” for reception. However, by a regular pre-defined scheduling window, normal coverage device has more chance to receive its data and it has lower chance to be blocked for a while.

Details and remaining issues of our proposed design are addressed in the following sub-sections.

2.1 Scheduling window of 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 remaining subframes are defined as NB-PDSCH subframes region. One transport block is allowed to use all NB-PDSCH subframes in a scheduling window. Figure 2 shows one example with scheduling window as 20ms and there are in total 15 NB-PDSCH subframes per scheduling window. Considering In-band scenario, there are ~100REs per PRB pair. When coding rate is 1/3, QPSK modulation, with 15 subframes, it means DL transmission with TBS=1000bit is possible. In this way, segmentation is not necessary in most NB-IoT DL traffic.
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Figure 2. Scheduling window of NB-PDSCH
Proposal #4: Scheduling window takes 2 radio frames. Except NB-PSS/NB-SSS/NB-PBCH/SIB subframes/MBSFN of LTE, remaining subframes are NB-PDSCH subframes.
2.2 Resource allocation of NB-PDSCH
To reuse PRB definition and to have TBS table easily modified from LTE, the minimum resource allocation unit for NB-PDSCH is preferred as one PRB pair.

Proposal #5: 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 PRB 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. NB-PDSCH of different NB-IoT devices can be multiplexed within a NB-PDSCH scheduling window
Proposal #6: Resource allocation of NB-PDSCH may follow Resource allocation type 2 of LTE.
2.3 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

Proposal #7: DCI indicates the number of repetition across scheduling window.
2.4 Timing relationship of NB-PDCCH and NB-PDSCH
Before we define the timing relationship of NB-PDCCH and NB-PDSCH, we briefly compare two Multiplexing mechanism between NB-PDCCH and NB-PDSCH, as shown in Figure 4. In Alt A, NB-PDCCH and NB-PDSCH share subframes within a scheduling window. The first X subframes are dedicated for NB-PDCCH. Number of NB-PDCCH subframes can be signaled in SIB semi-statically. However, the resource usage is somehow not flexible. In Alt B, only search space of NB-PDCCH is defined, the search space may be confined to the first X subframes. However, in the first X subframes, subframes which are not occupied by NB-PDCCH can be allocated to NB-PDSCH. This is more flexible for resource usage. It is also noted that Alt A can be seen as a subset of Alt B. Hence, Alt B is preferred.
Proposal #8: Search space of NB-PDCCH overlaps with NB-PDSCH subframes. By appropriate scheduling, NB-PDCCH and NB-PDSCH may not occur in the same subframe.
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Figure 4. Two alternatives for multiplexing of NB-PDCCH and NB-PDSCH

Although occurrence probability of extreme coverage device is small, the blocking issue has still be addressed. For flexible resource usage and scheduling simplicity, two kinds of NB-PDSCH scheduling windows may be defined. One is only allocated for normal coverage device, and the other can be allocated for normal/extended/extreme coverage device. Search space of NB-PDCCH can also be separated into two types, as shown in Figure 5. One is only allocated for normal coverage device, and the other is only allocated for extended/extreme coverage device. 
Figure 5 shows the corresponding design of multiplexing of NB-PDCCH and NB-PDSCH, as well as timing relationship of NB-PDCCH and NB-PDSCH. As shown in Fig. 5a of Figure 5, odd scheduling windows of NB-PDSCH can be allocated to Extended/Extreme coverage device and search space of Extended/Extreme coverage device is also confined in odd scheduling windows, for example, #k+1, #k+3, #k+5, #k+7 (in case k is even) in the figure. Regarding to timing relationship of NB-PDCCH and NB-PDSCH, when NB-PDCCH of desired device ends in scheduling window #k+1, the associated NB-PDSCH starts in scheduling window #k+3. If repetition of NB-PDSCH is necessary, it may repeat in #k+5, #k+7, etc. 
As shown in Fig. 5b, regarding to Normal coverage device, NB-PDSCH can be allocated in every scheduling window; however, starting subframes of NB-PDCCH for Normal coverage may align the starting subframe of even scheduling window, for example, #k, #k+2, #k+4, #k+6 (in case k is even) in the figure. Regarding to timing relationship of NB-PDCCH and NB-PDSCH, when NB-PDCCH of desired device ends in scheduling window #k, the associated NB-PDSCH starts in scheduling window #k+1 or #k+2, and one additional bit is required. NB-PDSCH repetition for Normal coverage device may not be necessary. If repetition is defined for Normal coverage, when the first transmission occurs in scheduling window #w, repetition happens in #w+2, #w+4, etc.
Fig. 5c shows the combination of Fig. 5a and Fig. 5b. Fig. 5c shows the search space of NB-PDCCH for different coverages and which NB-PDSCH scheduling windows can be allocated for Normal/Extended/Extreme coverage device in order for NB-PDSCH scheduling. The timing relationship of NB-PDCCH and NB-PDSCH are illustrated in Fig. 5a and Fig. 5b.
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Figure 5. Multiplexing of NB-PDCCH and NB-PDSCH considering different coverage devices

Proposal #9: For Extended/Extreme coverage device, when its NB-PDCCH ends in scheduling window #k, the associated NB-PDSCH starts in scheduling window #k+2.
Proposal #10: For Normal coverage device, when its NB-PDCCH ends in scheduling window #k, the associated NB-PDSCH starts in scheduling window #k+1 or #k+2, and one additional bit is required to differentiate #k+1 or #k+2.
3 Conclusion
Multiplexing and resource allocation of NB-PDSCH is discussed. After reviewing these two topics, we have the below proposals.
Proposal #1: “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 #2: To define a scheduling window of NB-PDSCH.
Proposal #3: When repetition is necessary for NB-PDSCH, the repetition is across scheduling window.
Proposal #4: Scheduling window takes 2 radio frames. Except NB-PSS/NB-SSS/NB-PBCH/SIB subframes/MBSFN of LTE, remaining subframes are NB-PDSCH subframes.
Proposal #5: One PRB pair (one subframe) is the minimum resource allocation unit for NB-PDSCH.
Proposal #6: Resource allocation of NB-PDSCH may follow Resource allocation type 2 of LTE.
Proposal #7: DCI indicates the number of repetition across scheduling window.
Proposal #8: Search space of NB-PDCCH overlaps with NB-PDSCH subframes. By appropriate scheduling, NB-PDCCH and NB-PDSCH may not occur in the same subframe.
Proposal #9: For Extended/Extreme coverage device, when its NB-PDCCH ends in scheduling window #k, the associated NB-PDSCH starts in scheduling window #k+2.
Proposal #10: For Normal coverage device, when its NB-PDCCH ends in scheduling window #k, the associated NB-PDSCH starts in scheduling window #k+1 or #k+2, and one additional bit is required to differentiate #k+1 or #k+2.
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