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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In RAN 1 NB-IoT adhoc #2, indication of scheduling delay was discussed and agreed to introduce two fields to indicate scheduling delay for both NB-PDSCH and NB-PUSCH: 
Agreement
· DCI content: 
· Number of repetitions of NB-PDCCH:
· 2 bits (except for CSS for paging)
· 3 bits 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)
· 0 bits for paging
· 2 bits for NB-PUSCH
· Start of PDCCH search space: 
· Signalled by RRC with 3 bits for each search space except for CSS for paging
In this paper, the detail design on scheduling delay for NB-PUSCH and NB-PDSCH are discussed.
Start of PDCCH search space
It was agreed to introduce 3 bits RRC signalling to configure start of NB-PDCCH search spacing except for CSS for paging. In eMTC, it is agreed that starting subframes are given by , where , G is from {1, 1.5, 2, 2.5, 4, 5, 8, 10} for FDD and G is signalled by RRC. For NB-IoT, it was agreed that 
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space
Therefore, the starting subframe can be modified correspondingly, for example: , where G is from {1, 1.5, 2, 2.5, 4, 5, 8, 10}. That is, the range between two search spaces is {Rmax +4, 10Rmax+4}.
Proposal #1: The start of PDCCH search space are given by , where , where G is from {1, 1.5, 2, 2.5, 4, 5, 8, 10}. 
Scheduling delay for NB-PDSCH
The range of scheduling delay for NB-PDSCH may depends on the gap between two adjacent starting subframes of NB-PDCCH search space and the number of subframes for on NB-PDSCH. Based on the proposal in section 2, the gap between two starting subframes of search space is between {Rmax+4ms, 10Rmax+4ms}. On the other hand, if one search space is able to support 2 UEs in extreme coverage, the max scheduling delay shall at least larger than the transmission of NB-PDSCH for the first UE. Based on the simulation in [2], 256 repetitions with MCS 0 can achieve 164dB (with 1.5dB margin) for NB-PDSCH for in band mode with 6dB power boosting. For NB-PDCCH, ~512 subframes can achieve 164dB MCL. We can roughly calculate repetition number of PDSCH is about Rmax/2 (this is because target BLER is different for data and control). Therefore, in order to support two UEs, the range of scheduling delay is about 5Rmax considering up to 10 subframes for one TBS with a payload 256 bits as a general case. Although with about 5Rmax subframes, it cannot support the extreme case with large TBS for 164dB MCL, it could cover most of the cases. As a result, 3 bits for scheduling delay indication is proposed as:
+4ms
When Rmax <8, the scheduling delay is {4, 5, 6, 8, 12, 20, 36, 68}ms;
When Rmax<=8, the scheduling delay is {0, Rmax /8, Rmax/4, Rmax/2, Rmax , 2Rmax, 4 Rmax , 8Rmax }+4ms

Proposal #2: 3 bits to indicate the scheduling delay between the starting subframe of NB-PDSCH and the end of its associated NB-PDCCH transmission from:
+4ms
Scheduling delay for NB-PUSCH
Different from NB-PDSCH, NB-PUSCH supports FDM between different UEs. In addition, different granularities of NB-PUSCH in time domain are supported, i.e., resource unit with 1ms, 2ms, 4ms, 8ms for 15kHz and 32ms for 3.75kHz. There is no much gain to support scheduling delay with same granularity (1ms) for different tone number. Especially considering limited candidates with 2 bits, the range of scheduling delay is more important than granularity.
For good coverage case (e.g., when Rmax <8), it is more desirable to use 12 or 6 tones for NB-PUSCH. For poor coverage case (e.g., when Rmax>=8), it is more desirable to use single tone or 3 tones for NB-PUSCH. On the other hand, the gap between two search spaces is proposed to base on Rmax in section 2. Therefore, there is no need to support large range scheduling delay for NB-PUSCH. The following scheduling delay for NB-PUSCH is proposed: 
+8ms. 
When Rmax <8ms: 
· for 12 tones, the scheduling delay is from {0, 1, 2, 8}+8ms;
· for 6 tones, the scheduling delay is from {0, 2, 4, 16}+8ms;
· for 3 tones, the scheduling delay is from {0, 4, 8, 32}+8ms.
When Rmax >=8:
· for 3.75kHz single tone, the scheduling delay is from {0, 4 Rmax, 8 Rmax, 32Rmax }+8ms;
· for 15khz single tone, the scheduling delay is from {0, Rmax, 2Rmax, 8Rmax }+8ms;
· for 3 tones, the scheduling delay is from {0, Rmax /2, Rmax, 4Rmax }+8ms
Proposal #3: 2 bits to indicate the scheduling delay between starting subframe of NB-PUSCH and end of its associated NB-PDCCH transmission from:
+8ms. 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we discussed the configuration of start of NB-PDCCH search space and the scheduling delay of NB-PDSCH and NB-PUSCH. The following proposals are made:
Proposal #1: The start of PDCCH search space are given by , where , where G is from {1, 1.5, 2, 2.5, 4, 5, 8, 10}. 
Proposal #2: 3 bits to indicate the scheduling delay between the starting subframe of NB-PDSCH and the end of its associated NB-PDCCH transmission from:
+4ms
Proposal #3: 2 bits to indicate the scheduling delay between starting subframe of NB-PUSCH and end of its associated NB-PDCCH transmission from:
+8ms. 
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