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1 Introduction
In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) approved in RAN #70 meeting, downlink and uplink numerologies were revised to:

· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
· For the uplink

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
In RAN1#Ad hoc meeting, the following agreements and working assumption on downlink design were made [2]:
· 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
· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD

· X(115kHz) is 8 for 15 kHz case with single tone transmission

· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission

· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)

· In case of 12 tones is allocated for one UE, X{12} is 1

· UL multi-tone transmission for the data with 12 tones is supported

· UL multi-tone transmission for the data also supports followings of numbers of multiple 

· {3} with 4 msec resource unit size

· {6} with 2 msec resource unit size

In this contribution, we discuss scheduling of downlink and uplink data channels for NB-IoT.
2 Resource Unit
For NB-PDCCH, NB-CCE is the minimum resource unit. For enhanced coverage, a NB-PDCCH occupies all CCEs in the allocated subframe(s) and different downlink channels are multiplexed by TDM. 
NB-PDSCH and NB-PUSCH are scheduled at the granularity of resource unit. Resource unit can be defined as a set of {X subcarrier(s), Y subframe(s)}. For downlink, the resource unit is preferred to span over {12 subcarriers, 1 subframe} which is equal to one PRB of legacy LTE system [3]. For uplink, different resource units have been agreed for different number of tones.
Proposal 1: The resource unit for NB-PDSCH scheduling should be 1 PRB.
3 Uplink scheduling

For single tone transmission, a NB-PUSCH would occupy multiple subframes where multiple users may be multiplexed in frequency domain. If UL scheduling reuses schemes of Rel-13 eMTC, i.e., fixed value is used as scheduling timing interval “k”, there would some issue since control resources and data resources are highly asymmetric. For example, if the ending subframe of NB-PDCCH is n and the starting subframe of NB-PUSCH is n+k (k is fixed as 4), at most 2 NB-PDCCH channels can be accommodated in a DL subframe while at most 12 or 48 NB-PUSCH can share a subframe for single tone transmission. Some single tone resources cannot be scheduled if fixed scheduling time interval is reused. Similar issue may also occur for multi-tone scheduling. 
Observation 1: If UL scheduling timing interval is fixed, UL scheduling would be restricted due to limited number of NB-PDCCH, and UL resources would be wasted when only single tone is scheduled.
For enhanced coverage, NB-PDCCH repetition is needed. Continuous transmission of NB-PDCCH repetition may block the transmission of other downlink control channels and UL grants of other UEs. Blocking of UL grants would lead to under-utilization of UL resource [4]. 
Observation 2: If continuous transmission of NB-PDCCH repetition is used, transmission of UL grants of other UEs would be blocked which would lead to UL resource waste.
Discontinuous transmission of NB-PDCCH across multiple scheduling windows can resolve the blocking issue [4]. Scheduling window in some sense is similar to LTE system bandwidth as illustrated in Figure 1. It is an analogy to LTE system bandwidth. Length of scheduling window can be fixed or configured by eNB. Length of scheduling window can be integer multiples of maximum length of UL resource unit, such as 32 ms. As shown in Figure 2, for discontinuous transmission, the number of subframes occupied by NB-PUSCH within a scheduling window depends on the resource allocation. The number of resources occupied by NB-PDCCH within a scheduling window is determined by the configuration of search space.
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Figure 1 Scheduling window
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Figure 2 An example of uplink scheduling for NB-IoT
In order to increase the scheduling efficiency, dynamic k value should be considered instead of fixed k value. As for general consideration, dynamic “k” can be indicated by DCI directly. To support flexible scheduling, continuous values such as {4, 5, 6, 7, …} is preferred for value of k. Considering that the value set of k is limited, such as {4, 8, 16, 32, …}, there is certain restriction on scheduling flexibility. If larger k values are included, more signalling overhead would be required. Then maximum k should be determined according to the last possible starting subframe location for NB-PUSCH in scheduling window or scheduling cycle. Dynamic “k” can also be implicitly obtained by scheduling window and RA field in DCI. Considering that NB-IoT UE is not sensitive to latency, resource asymmetry issue can be resolved by scheduling window. As shown in Figure 3, UL scheduling is based on scheduling window. The ending subframe of NB-PDCCH is “n” which is located in scheduling window #i and the starting subframe of NB-PUSCH is located in scheduling window #(i+k), where k = 1. The location of NB-PUSCH in a scheduling window can be determined by resource allocation. Scheduling window based scheme requires less overhead since starting subframe and resource allocation can be jointly coded. Based on scheduling window definition, UL resources within scheduling window can be packed more efficiently. Scheduling window can also be understood as a cycle/region for scheduling/resource allocation. To support unified scheduling for different UEs, it is preferable to configure the length of scheduling window by cell-specific signalling like NB-SIB1. Scheduling window based scheme could implicitly indicate k and gaps for discontinuous transmission without additional signals.
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Figure 3 UL scheduling based on scheduling window

Proposal 2: UL scheduling is based on scheduling window. 
· UL grant schedules the NB-PUSCH transmission in the next scheduling window. 
· The location of NB-PUSCH in a scheduling window is dynamically signalled by DCI.
4 Downlink Scheduling
For DL scheduling, if fixed value is used as scheduling timing interval k, scheduling limit would occur since control resources and data resources are not equivalent. For example, if the ending subframe of NB-PDCCH is n and the starting subframe of NB-PDSCH is n+k (k is fixed as 1), at most 2 NB-PDCCH channels can be carried in a subframe while only 1 NB-PDSCH can be carried in a subframe for normal coverage. 

Observation 3: If fixed value is used for DL scheduling timing interval, DL resource would be wasted since control channel resources and traffic channel resources are asymmetric.
Similar to UL scheduling, “k” is dynamically indicated by DCI directly, or implicitly indicated by scheduling window based scheme. The location of NB-PDCCHs is in the beginning part of a scheduling window, followed by NB-PDSCHs. As shown in Figure 4, within a scheduling window, downlink DCIs are transmitted in the first x subframes, which is beneficial for resolving the blocking issue and reducing the blind decoding complexity. If DL scheduling is based on scheduling window, DL scheduling timing interval should not be greater than the size of scheduling window. If “k” is dynamically indicated by DCI, such as k={1, 2, 3, 4, 5, 6, …} or {1, 2, 4, 8, 16, 32,…}, the maximum k should be determined according to the last possible starting subframe location for NB-PDSCH in a scheduling window/cycle. For scheduling window based scheme, interval k and NB-PDSCH length can be jointly coded by resource allocation type 2. So scheduling window based scheme is more efficient than “k” is dynamically and explicitly indicated by DCI. To facilitate the scheduling of simultaneous UEs, it is preferable to configure the length of scheduling window via cell-specific signalling, e.g., NB-SIB1. Scheduling window based scheme could implicitly indicate k and gaps for discontinuous transmission without additional signals.
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Figure 4 DL scheduling based on scheduling window

For enhanced coverage, NB-PDCCH repetition is needed. Continuous transmission of repeated NB-PDCCH and NB-PDSCH may block the transmission of DL grants, UL grants and related traffic of other UEs.
Discontinuous transmission of NB-PDCCH and NB-PDSCH based on scheduling window can resolve the blocking issue. As shown in Figure 5, for discontinuous transmission, the number of subframes occupied by NB-PDSCH within a scheduling window depends on the resource allocation. The number of resources occupied by NB-PDCCH within a scheduling window is determined by the configuration of search space.
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Figure 5 An example of downlink scheduling for NB-IoT
Proposal 3: DL scheduling is based on scheduling window. 
· The location of NB-PDSCH in scheduling window is dynamically signalled by DCI.
5 Conclusions

In this contribution, considerations on DL and UL scheduling have been discussed. We make the following observations and proposals:
Observation 1: If UL scheduling timing interval is fixed, UL scheduling would be restricted due to limited number of NB-PDCCH, and UL resources would be waste when only single tone scheduled.
Observation 2: If continuous transmission of NB-PDCCH repetition is used, transmission of UL grants of other UEs would be blocked which would lead to UL resource waste.
Observation 3: If fixed value is used for DL scheduling timing interval, DL resource would be wasted since control channel resources and traffic channel resources are asymmetric.
Proposal 1: The resource unit for NB-PDSCH scheduling should be 1 PRB.
Proposal 2: UL scheduling is based on scheduling window. 
· UL grant schedules the NB-PUSCH transmission in the next scheduling window. 

· The location of NB-PUSCH in a scheduling window is dynamically signalled by DCI.
Proposal 3: DL scheduling is based on scheduling window. 
· The location of NB-PDSCH in scheduling window is dynamically signalled by DCI.
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