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1
Introduction
In the last RAN1 NB-IoT Adhoc meeting, for the timing relationship, it was agreed that, 
· Confirm the working assumptions
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space

· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment
It was agreed that for start of PDCCH search space,
· Signalled by RRC with 3 bits for each search space except for CSS for paging

For the DCI content, it was agreed that, 
· 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

· Values are FFS.

There was also a working assumption regarding the gap configuration, 

· 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

· Note that these gaps do not apply in Idle Mode. 

· Note that this does not impact downlink-uplink timing relationships

Based on these agreements, we give our proposals on the remain issues on NB-PDCCH design, including starting subframe for NB-PDCCH SS, the gap configuration and the scheduling delay. 
2
NB-PDCCH 
NB-PDCCH starting subframe

To reduce the standard impact, the starting subframe for NB-PDCCH SS can reuse the scheme in MPDCCH. UE can be configured with a factor G, and together with the configured Rmax, the starting subframe can be deduced [1]. It was agreed that Rmax for NB-PDCCH is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}, the maximum of which is larger than Rmax for MPDCCH to meet the coverage requirement. The factor G can be configured from the same set as in MPDCCH, which is {1, 1.5, 2, 2.5, 4, 5, 8, 10} for FDD, and {1, 2, 4, 5, 8, 10, 20, reserved} for TDD. This is aligned with the agreement that the start of NB-PDCCH SS is signaled by RRC with 3 bits for each search space except for CSS for paging.

Proposal 1: The starting subframe for NB-PDCCH SS reuses the scheme in MPDCCH. The factor G for NB-PDCCH is configured from the same set as in MPDCCH. 
Gap configuration
Based on the working assumption in the last Adhoc meeting, a gap is introduced during the repetitions of NB-PDSCH and NB-PDCCH for at least extreme coverage UEs. Other UEs can receive their NB-PDSCH and/or NB-PDCCH during the gap. This aims to reduce the NB-PDCCH blocking rate from the long repetitions of NB-PDCCH and/or NB-PDCSH repetition. Based on that, it is natural that the gap configuration and the NB-PDCCH SS related configuration shall be aligned, so that the NB-PDCCH for UEs other than extreme coverage UEs can be transmitted during the gap. From this point of view, the gap can be configured by two parameters, gap periodicity and gap size, similar with SS configuration of Rmax and G. It is noted that different UEs might be configured with different Rmax and G. Therefore from implementation, the gap configuration and the SS configuration shall be jointly considered to have SS camped on the gap.  
Proposal 2: The gap is configured by gap periodicity and gap size. 
Besides, UE can know whether it needs to use a gap based on the number of NB-PRACH repetitions from the beginning and later based on the configured NB-PDCCH repetitions, i.e., Rmax. A reference Rmax value needs to be defined as the threshold for UE to determine whether gap applies. No additional UE-specific RRC signaling is needed.
Proposal 3: UE know whether gap applies for NB-PDCCH and NB-PDSCH from the repetition of either NB-PRACH or NB-PDCCH. 
Timing between NB-PDCCH and NB-PDSCH

It was agreed that 3bits are used in the DCI to indicate the scheduling delay between end of NB-PDCCH transmission and start of data transmission. These 3 DCI bits indicate the delay in ms beyond the minimum of 4 ms. The eNB can select a timing value such that the NB-PDSCH does not overlap with any previous transmission. It is noted that the 8 timing values need not be linearly distributed. Assuming the number of NB-PDCCH and NB-PDSCH repetitions will be drawn from the set {1,2,4,8,16,…}, various delay values are possible. For example, consider the scenario where the NB-PDCCH for UE2 occupies x subframes after NB-PDCCH for UE1, where x ≤ 4, if the NB-PDSCH to UE1 spans y subframes, then the minimum NB-PDSCH start time relative to the end of NB-PDCCH in excess of 4 ms (excess delay) for UE1 is 0 and the minimum excess delay value for UE2 is equal to max(y – x,0). Table 1 shows the minimum excess delay values for different values of x and y drawn from the set {1,2,4,8,16}.

Table 1. Minimum excess delay values for UE2 (y – x) for different values of x and y.
	y    x
	1
	2
	4

	1
	0
	0
	0

	2
	1
	0
	0

	4
	3
	2
	0

	8
	7
	6
	4

	16
	15
	14
	12


Considering the scenario where x > 4, the minimum excess delay values for UE1 are obtained from x – 4, i.e., from the set {4, 12,…}. The minimum excess delay values for UE2 are the values of y, i.e., from the set {1,2,4,8,16,…}.

Thus, the set of 8 values {0,1,2,4,6,8,12,16} will cover a large number of these cases such that there is no interval between transmissions. For the other cases, the value from this set selected for indication should be the smallest value that is larger than the minimum excess delay value. This will introduce an interval (unused subframes), but the interval will not be larger than 4 ms for contiguous transmissions of 16 ms or less. For transmissions that are longer than those considered above, the eNB can transmit NB-PDCCH and NB-PDSCH without trying to fill the 4-ms interval. 

Proposal 4: The set of scheduling delay between end of NB-PDCCH transmission and start of data transmission are {0,1,2,4,6,8,12,16}.
3
Conclusion
We have the following proposals on NB-PDCCH design –
Proposal 1: The starting subframe for NB-PDCCH SS reuses the scheme in MPDCCH. The factor G for NB-PDCCH is configured from the same set as in MPDCCH. 

Proposal 2: The gap is configured by gap periodicity and gap size. 
Proposal 3: UE know whether gap applies for NB-PDCCH and NB-PDSCH from the repetition of either NB-PRACH or NB-PDCCH. 

Proposal 4: The set of scheduling delay between end of NB-PDCCH transmission and start of data transmission are {0,1,2,4,6,8,12,16}.
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