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1 Introduction
In the last meeting, a large progress has been achieved for NB-IOT especially for the terminology of UL transmission, e.g. single-tone and multi-tone transmission, 3.75k Hz and 15k Hz subcarrier spacing [1]. However, many issues and details are not touched for each physical channel. In this contribution, we discussed some issues on scheduling timing for NB-IOT. Here, scheduling timing means the timing relationship between downlink physical control channel and scheduled physical data channel. The discussion includes scheduling timing of NB-PDSCH and scheduling timing of NB-PUSCH.
2 Discussion
2.1 Scheduling timing of NB-PDSCH
For NB-IOT, it may be difficult to multiplex a NB-PDCCH and a NB-PDSCH within a narrow bandwidth of 180k Hz, especially for the case that the NB-PDSCH is scheduled by the NB-PDCCH. From the perspective of UE complexity, NB-IOT UE may not be able to simultaneously decode NB-PDCCH and NB-PDSCH in a subframe. In addition, from the perspective of UE power consumption, the transmission time of a TB should be small as far as possible. Thus, sub-PRB allocation which may always extend multiple subframes is not recommended for NB-PDSCH. This is also suitable for NB-PDCCH considering legacy ePDCCH occupying at least 2 PRBs. Therefore, TDM between NB-PDCCH and NB-PDSCH is preferred as discussed in [2]. And cross-subframe scheduling should be supported for NB-PDSCH even for normal coverage. Although this may slightly impact the peak user data rate, it is not a problem for NB-IOT device which may not very much care peak user data rate.   

Proposal #1: Cross-subframe scheduling should be supported for NB-PDSCH.

Fixed scheduling timing

For scheduling timing of NB-PDSCH, one direction may be fixed, i.e. n+k and k is a fixed value, which is similar to current eMTC. In eMTC, considering detection time of MPDCCH needs to be reserved for cross-band scheduling, n+2 is used for scheduling timing of M-PDSCH. For NB-IOT, if cross-band scheduling is supported and detection time of NB-PDCCH is not more than M-PDCCH, n+2 can be reused. Otherwise, n+1 may be sufficient.  
One characteristic of fixed scheduling timing is that the multiple NB-PDSCHs scheduled by a NB-PDCCH region just support FDM pattern. For eMTC, considering 6 PRBs of 1.08MHz bandwidth, this is not an issue since maximum 6 NB-PDSCHs can be multiplexed with FDM in one subframe. However, for NB-IOT, it may be an issue since FDM-based NB-PDSCHs may not be supported as discussed above. This may impact to efficiency of NB-PDCCHs multiplexing, e.g. only one DL assignment within one NB-PDCCH region. 
Observation #1: For fixed scheduling timing, only FDM-based NB-PDSCHs can be scheduled by a NB-PDCCH region. 

Dynamic scheduling timing

Another direction for scheduling timing of NB-PDSCH may be dynamic, i.e. n+k and k is a dynamic value depending on scheduling. This means a NB-PDCCH can flexibly schedule a NB-PDSCH to different location in time domain. Comparing with fixed scheduling timing, both FDM-based and TDM-based NB-PDSCHs can be scheduled by a NB-PDCCH region. If 12 subcarriers are always scheduled for NB-PDSCH, there may be only TDM-based NB-PDSCH. For this case, the dynamic scheduling timing may be more proper comparing with fixed scheduling timing.
Observation #2: For dynamic scheduling timing, both FDM-based and TDM-based NB-PDSCHs can be scheduled by a NB-PDCCH region. 

There are two possible schemes for dynamic scheduling timing as following:
· Scheme 1: explicit scheduling timing using a dedicated indicator in DCI
In this scheme, the scheduling timing is explicitly indicated in DCI as illustrated in Figure 1. For example, a dedicated DCI field is used to indicate scheduling timing, i.e., the value of k, which is within a predefined or configured set. For example, 2 bits is used to indicate one value of {1, 2, 4, 8}. And, the scheduling timing should be independent on resource allocation of NB-PDSCH. However, the dedicated DCI field for scheduling timing will go against the objective of compact DCI design. 
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Figure 1 Illustration of scheme 1 for dynamic scheduling timing
· Scheme 2: implicit scheduling timing using a scheduling window

[image: image2.emf]NB-PDCCH NB-PDSCH

Time domain

F

r

e

q

u

e

n

c

y

 

d

o

m

a

i

n

Scheduling window

The scheduling timing is implicitly 

determined by the location of 

scheduled NB-PDSCH within a 

scheduling window


Figure 2 Illustration of scheme 2 for dynamic scheduling timing

In this scheme, a concept of scheduling window can be used. Within the scheduling window, any one or multiple subframes can be scheduled, which is similar to current PRB allocation within system bandwidth. And, the legacy resource allocation method can be used. For example, legacy DL resource allocation Type 2 can be reused to support contiguous subframe allocation. The scheduling timing of NB-PDSCH can be implicitly determined by the location of scheduled NB-PDSCH within the scheduling window. The main difference from scheme 1 is that the scheduling timing is dependent on resource allocation of NB-PDSCH. And, the maximum scheduling timing depends on the length of scheduling window which may depend on the maximum number of allocable subframes. Assuming the scheduling window includes 10 subframes and it is close to NB-PDCCH, the possible scheduling timing may be any one within n+1~n+10. Comparing with scheme 1, one benefit of scheme 2 is that a dedicated DCI field for indication of scheduling timing is not required, and compact DCI design can be achieved. 
For coverage enhancement with repetitions, one benefit of scheduling window is that it can support intermittent repetition to obtain additional time diversity gain. For example, just repeat transmission in the allocated subframe(s) within each scheduling window, i.e., one scheduling window corresponding to one repetition. If all subframes within scheduling window are allocated for a TB, the repetition will not be intermittent, and cannot obtain additional time diversity gain.

Observation #3: For coverage enhancement, scheduling window can be used to support intermittent repetition to obtain time diversity gain. 

For the scheme of scheduling window, one possible design may be that there are a DL control region and DL data region with TDM pattern within a scheduling window. And, same-window scheduling can be used for NB-PDSCH, i.e., NB-PDCCH and associated NB-PDSCH are within the same scheduling window. Figure 3 gives an illustration of timing relationship of NB-PDCCH and associated NB-PDSCH for repetition. In the figure 3, when the last copy of DCI carried in NB-PDCCH for specific NB-IoT device ends within scheduling window #n, the starting scheduling window of associated NB-PDSCH is also #n, i.e., in the same scheduling window.
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Figure 3 Timing relationship of NB-PDCCH and associated NB-PDSCH
As discussed above, if fixed scheduling timing is used, a NB-PDCCH region can just schedule single NB-PDSCH considering no FDM-based NB-PDSCHs within 180k Hz bandwidth, and this is not efficient. Considering the efficiency of resource allocation and multiplexing of NB-PDCCHs, multiple DL assignments may be preferred to be multiplexed within a NB-PDCCH region via flexible scheduling timing, i.e., a NB-PDCCH region can schedule multiple TDM-based NB-PDSCHs. In addition, a NB-PDCCH region scheduling a large NB-PDSCH region can keep the flexibility of NB-PDSCH scheduling and avoid frequent monitoring of NB-PDCCH. Therefore, dynamic scheduling timing should be considered for NB-PDSCH.
Proposal #2: Dynamic scheduling timing should be considered for NB-PDSCH and the scheme of scheduling window is preferred.
2.2 Scheduling timing of NB-PUSCH
For UL, the numerology is more complex than DL, e.g. 3.75k Hz and 15k Hz subcarrier spacing, single-tone and multi-tone transmission. The scheduling scheme and scheduling timing may have some difference. However, at least for multi-tone transmission of 15k Hz subcarrier spacing, above discussion on fixed and dynamic scheduling timing for NB-PDSCH can also be used for NB-PUSCH. A unified scheduling scheme and timing is preferred for both DL and UL. Just some details may be slightly different, e.g., additional minimum time interval between NB-PDCCH and NB-PUSCH needs to be considered. The minimum time interval is reserved for NB-PDCCH detection, preparation of NB-PUSCH transmission and TA range.
Proposal #3: A unified scheduling scheme and timing is preferred for both DL and UL at least for multi-tone transmission of 15k Hz subcarrier spacing.

For 3.75k Hz and 15k Hz subcarrier spacing, the relative scheduling timing may be different since the subframe duration may be different [2]. As illustrated in Figure 3, the subframe duration of 3.75k Hz and 15k Hz subcarrier spacing is assumed as 2ms and 1ms respectively. Assuming 3ms as the  minimum time interval between NB-PDCCH and NB-PUSCH, for 15k Hz subcarrier spacing, n+4 is the minimum scheduling timing, here n and 4 are based on the subframe unit of 1ms duration. For 3.75k Hz subcarrier spacing, 
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 and 3 are based on the subframe unit of 2ms duration. Different subframe duration will cause different scheduling timing even though the required minimum time interval is the same. However, the impact can be ignored, and a unified scheduling scheme and timing can be used for both 15k Hz and 3.75k Hz subcarrier spacing at least for single-tone transmission.
Observation #4: The relative minimum scheduling timing of NB-PUSCH may be different for 15k Hz and 3.75k Hz subcarrier spacing since the subframe duration may be different.
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Figure 3 Illustration of scheduling timing for 3.75k and 15k Hz subcarrier spacing

For UL multi-tone transmission in normal coverage, similar to above discussion for NB-PDSCH, allocating 12 subcarriers to a TB is also preferred to improve user data rate and reduce UE power consumption. There may be no FDM-based NB-PUSCHs and just TDM-based NB-PUSCHs. Thus, dynamic scheduling timing may also be suitable for UL multi-tone transmission. However, for single-tone transmission, FDM-based NB-PUSCHs may be general status, e.g., the maximum number of NB-PUSCHs multiplexed within 180k Hz bandwidth is up to 12 and 48 for 15k Hz and 3.75k Hz subcarrier spacing respectively. In addition, considering many subframes occupied by single-tone transmission, using a NB-PDCCH region to schedule multiple TDM-based single-tone NB-PUSCHs via dynamic scheduling timing will pre-schedule a very large time block, and this may not be efficient. Hence, dynamic scheduling timing may not be suitable for single-tone transmission. However, considering simplified specification and multiplexing of single-tone UE and multi-tone UE within a NB-PDCCH region, a unified scheduling scheme and timing may be used for both single-tone and multi-tone transmission. Therefore, whether to consider dynamic scheduling timing for single-tone transmission can be further studied.
Observation #5: Whether to consider dynamic scheduling timing for UL single-tone transmission can be further studied.

3 Conclusion
In this contribution, we discussed scheduling timing for NB-IOT including scheduling timing of NB-PUSCH and scheduling timing of NB-PDSCH. Based on the discussion, we have following proposals: 
Proposal #1: Cross-subframe scheduling should be supported for NB-PDSCH.

Proposal #2: Dynamic scheduling timing should be considered for NB-PDSCH and the scheme of scheduling window is preferred.

Proposal #3: A unified scheduling scheme and timing is preferred for both DL and UL at least for multi-tone transmission of 15k Hz subcarrier spacing.

And following observations:
Observation #1: For fixed scheduling timing, only FDM-based NB-PDSCHs can be scheduled by a NB-PDCCH region. 

Observation #2: For dynamic scheduling timing, both FDM-based and TDM-based NB-PDSCHs can be scheduled by a NB-PDCCH region. 

Observation #3: For coverage enhancement, scheduling window can be used to support intermittent repetition to obtain time diversity gain. 

Observation #4: The relative minimum scheduling timing of NB-PUSCH may be different for 15k Hz and 3.75k Hz subcarrier spacing since the subframe duration may be different.

Observation #5: Whether to consider dynamic scheduling timing for UL single-tone transmission can be further studied.
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