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1. Introduction
At the last NB-IoT ad-hoc meeting, NB-PDSCH design aspects regarding multi-subframe scheduling, MCS/TBS table and reference point for the scheduling delay determination reached as follows. 
Agreements:
· CW for NB-PDSCH can be mapped to multiple subframes

· 8 numbers of subframes 

· Supported number of subframes includes at least 1, 2, 4, 8 (Maximum value is less than or equal to 10)

Agreements:
· Any combination, i.e., inband+inband, inband+guardband, and guardband+guardband should be allowed for NB-IoT multi-carrier operation with the constraint that both guard-bands and the in-band are associated with the same LTE donor cell, i.e., the total span cannot exceed 110 PRBs from the same FFT

· No support of NB-IoT multi-carrier operation for standalone mode with either guard-band or in-band mode of operation

Agreement:

DCI content: 

· Number of repetitions of NB-PDCCH:

· 2 bits (except for CSS for paging)

· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:

· 3 bits for NB-PDSCH (except for CSS for paging)

· Values are FFS. 

Working Assumption: 

· At least for UEs in extreme coverage (FFS how the UE knows its coverage level for the purpose of knowing which gap configuration applies, if any), for transmission in downlink which requires large number of repetitions, DL gaps can be introduced during the repetitions of NPDSCH and NPDCCH

· Note: During a DL gap, UEs other than those configured with the particular gap can receive their NPDSCH and/or NPDCCH 

· Gap configuration is provided by SIB signaling

· Configuration information is composed of a subset of the following: 

· Gap enable/disable, Gap starting point (periodicity, offset), Gap size, number of Gaps for Rmax repetitions

· Exact subset is FFS.

· FFS how many gap configurations are needed

· For a given UE, the subframes designated as DL gap are treated as invalid DL subframes for the given UE

· Invalid subframe means: When overlapping with a DL gap, PDCCH and PDSCH repetitions are FFS (until RAN1#84bis)

· either postponed to the next valid DL subframe 

· or skipped

In this contribution, we discuss the remaining issues of the NB-PDSCH design in terms of the number of repetitions determination, scheduling delay values and discontinuous transmission. 

2. Discussion
2.1. NB-PDSCH repetition
The set of candidate repetitions for the NB-PDSCH is not determined yet. The exact number of NB-PDSCH repetitions depends on the supported MCS when performing repetitions. In [2], it was proposed to apply repetitions only for the lower MCS levels to keep coding rate 1/3 or lower for all the deployment scenarios. However, this kind of restriction would limit the size of transmitted data when performing repetitions and packet segmentation is required for the relatively large data size. Then, additional control signalling overhead and CRC overhead are incurred, which is not beneficial for the spectral efficiency. Moreover, this restriction also results in inflexible scheduling on network side. On the other hand, no big issue is observed for applying repetitions to all supported MCS levels. Thus, we consider it is better to support repetitions for any supported MCS by NB-IoT. 
Proposal 1: Repetitions can be applied to any supported MCS by NB-IoT
2.2. Discontinues transmission 

During the last ad-hoc meeting, it was agreed that transmission gap can be introduced at least for the extreme coverage enhancement case. One remaining issue for discontinuous transmission is how to handle the PDCCH and PDSCH repetitions when overlapping with a DL gap. There are two potential alternatives, i.e., postponing the repetitions to the next valid DL subframe or skipping the repetition. When a certain number of repetitions is configured for one NB-IoT UE, postponing behavior would not impact the actual number of repetitions. Skipping behavior would reduce the actual number of repetitions, which may affect the receiving performance or requires larger number of configured repetitions. Currently, the candidate number of repetitions for NB-PDCCH was determined as {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048} by link level evaluation with the assumption of no power boosting and 3dB implementation margin [3]. In the evaluation, transmission gap is not considered. If skipping behavior is applied when repetitions overlapping with DL gap, then the maximum number of repetitions should be increased as we analyzed. Without revising the previous agreement, postponing repetitions to the next valid DL subframe is more feasible. Furthermore, postponing mechanism has already been applied to eMTC case and no clear disadvantage is observed. Therefore, we suggest postponing the DL repetitions when overlapping with a DL gap. 
Proposal 2: When overlapping with a DL gap, repetitions of NB-PDCCH and NB-PDSCH are postponed to the next valid DL subframe
2.3. Scheduling delay for NB-PDSCH
In the previous meetings, it was decided that the scheduling timeline can be relaxed and the scheduling relay relative to the end of NB-PDCCH is included in the DCI [4]. The remaining issue is the exact value of scheduling delay. For NB-PDSCH, 8 possible scheduling delay values indicated by 3 bits can be defined. Considering the original motivation for flexible scheduling delay is to accommodate additional NB-PDCCH transmission of other device in the shared search space, the determined scheduling delay should be capable of accommodating additional NB-PDCCH transmission. Based on the agreed search space structure, the resource unit for NB-PDCCH transmission is Rmax/8. Thus, the possible scheduling delay could be (i*Rmax) /8+4, where 
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 and the 4 ms is the minimum offset between the end of the NB-PDCCH and NB-PDSCH. 
Since transmission gap can be configured for some cases, handling of transmission gap on scheduling delay should be discussed. Two alternatives are possible to handle the case when scheduling delay overlapping with the transmission gap.
· Alt.1: DL gap is NOT counted as the scheduling delay

· Alt.2: DL gap is counted as the scheduling delay

Two examples in Fig.1 show how these two alternatives work. According to the example, it is observed that if DL gap is counted into the scheduling delay, the offset between the end of NB-PDCCH transmission and the start of corresponding NB-PDSCH is unable to accommodate some NB-PDCCH transmission as show in Fig. 1(b). In this case, the feature that additional NB-PDCCH can be transmitted during the scheduling delay would be weakened. On the other hand, if the transmission gap is not counted as the scheduling delay, the impact of this transmission gap can be avoided and the candidate scheduling delay values could provide full flexibility to accommodate additional NB-PDCCH transmission with any repetitions as shown in example (a) of Fig.1. Therefore, the scheduling delay should not be counted as the scheduling delay. 
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Figure 1 Illustration of the two alternatives
Proposal 3: The scheduling delay values for NB-PDSCH are (i*Rmax) /8+4, where 
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 and the 4 ms is the minimum offset between the end of the NB-PDCCH and NB-PDSCH. 

Proposal 4: When transmission gap is configured, transmission gap is not counted as scheduling delay when it is overlapped with scheduling delay.

3. Conclusion
In this contribution, we discussed the remaining issues of NB-PDCCH including the consideration on repetitions, how to handle the DL repetitions when it is overlapped with the transmission gap and the scheduling delay value setting. Our views on these issues are summarized as follows. 
Proposal 1: Repetitions can be applied to any supported MCS by NB-IoT

Proposal 2: When overlapping with a DL gap, repetitions of NB-PDCCH and NB-PDSCH are postponed to the next valid DL subframe
Proposal 3: The scheduling delay values for NB-PDSCH are (i*Rmax) /8+4, where 
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 and the 4 ms is the minimum offset between the end of the NB-PDCCH and NB-PDSCH. 

Proposal 4: When transmission gap is configured, transmission gap is not counted as scheduling delay when it is overlapped with scheduling delay.
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