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1 Introduction

At RAN1 NB-IoT Ad-Hoc meeting #2 in Sophia-Antipolis it was agreed that:

· Start of NB-PDCCH search space: 

· Signalled by RRC with 3 bits for each search space except for CSS for paging
· The set of options for the max number of repetitions in an NB-PDCCH search space is the same for all search spaces

· Rmax is from: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}
This document proposes some further considerations on the remaining details of the start of NB-PDCCH search space for UE-SS and CSS for RAR/Msg3 re-transmission/Msg4.
2 Start of NB-PDCCH search space
In eMTC, the start of a search space is defined as follows [1]:
· For MPDCCH UE-specific search space, and Type0-MPDCCH common search space,  the starting subframes are given by , 
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where 

· T=Rmax*G,   G is from {1, 1.5, 2, 2.5, 4, 5, 8, 10} for FDD, and {1, 2, 4, 5, 8, 10, 20, reserved} for TDD and the index of one element is given by the higher layer parameter nPDCCH-startSF-UESS.
· The starting subframe of Type2-MPDCCH CSS is derived using the same mechanism as that for MPDCCH USS and Type0-MPDCCH CSS:

· Replace nPDCCH-startSF-UESS to npdcch-startSF-CSS-RA-r13.
The above principle can be reused for NB-IoT to define the start of search space. That is to say, for NB-PDCCH search space (apart from CSS for paging), the starting subframes can also be determined as
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where the period T is obtained as
T = Rmax*G
For the parameter G, eMTC has defined a set of 8 values which is common for all repetitions. However, for NB-PDCCH, such design may not be appropriate. Several numbers of repetitions that can be supported by NB-PDCCH are much larger than that in eMTC, so the design needs to provide more flexible period configuration for larger repetitions as well as smaller repetitions. Here, some specific considerations for defining the parameter G for NB-PDCCH are shown as follows, 
· For each number of repetitions, the range of available periods is expected as large as possible, in order to obtain the maximum configuration flexibility.
· Larger period is allowed for the smaller number of repetition, so that the probability of collision between two search spaces defined by a smaller repetition and a larger repetition can be controlled in a relative lower level. It can help reduce the blocking probability for the transmission with larger repetition. From another perspective, it can help reduce the invalid blind decoding trials for the UE configured with smaller repetition.
· In the last Adhoc meeting, it has been agreed that the start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space. Therefore, ‘1’ should not be used as a candidate value for the parameter G, but needs to be replaced with another value which is slightly larger than 1.
· From the perspective of delay, the maximum period configured for searching space is expected greater than 2.56 seconds as in eMTC.
Here, a set of 12 values are considered for the parameter G, i.e.
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where,
· Values 2n are used to achieve a larger range of period;

· Considering the restriction on timing relationships mentioned above, the value of 1.25 is used to obtain the shortest period;

· The other values including {3, 6, 12, 24} are inserted evenly to help increase the period configuration flexibility especially for the larger repetitions.
In Table 1, period values derived from G and Rmax are listed. According to the previous considerations, proper values are selected out and marked in grey, where 8 values are available for most repetitions except the larger ones as 256, 512, 1024, 2048. From these period values, it can be found that different subsets of values of parameter G should be down-selected for each Rmax, which can be expressed by formula as
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where
[g0, g1, g2, …, g11] = [1.25, 2, 3, 4, 6, 8, 12, 16, 24, 32, 64, 128]

And then 3-bit higher layer signaling can be used to indicate the expected element from the corresponding set.
Proposal 1: 

· For NB-PDCCH search space for UE-SS and CSS for RAR/Msg3 re-transmission/Msg4, the starting subframes are given by , 
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where T=Rmax*GRmax. 
· For each Rmax, the corresponding set of values of parameter GRmax is
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where
[g0, g1, g2, …, g11] = [1.25, 2, 3, 4, 6, 8, 12, 16, 24, 32, 64, 128]
And then one element in the set is chosen as GRmax by 3-bit higher layer signaling.
Table 1
List of the period values based on GRmax and Rmax
	Rmax
GRmax
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048

	
	
	
	
	
	
	
	
	
	
	
	
	

	g0=1.25
	1.25
	2.5
	5
	10
	20
	40
	80
	160
	320
	640
	1280
	2560

	g1=2
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096

	g2=3
	3
	6
	12
	24
	48
	96
	192
	384
	768
	1536
	3072
	6144

	g3=4
	4
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	8192

	g4=6
	6
	12
	24
	48
	96
	192
	384
	768
	1536
	3072
	6144
	…

	g5=8
	8
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	…
	…

	g6=12
	12
	24
	48
	96
	192
	384
	768
	1536
	3072
	6144
	…
	…

	g7=16
	16
	32
	64
	128
	256
	512
	1024
	2048
	4096
	…
	…
	…

	g8=24
	24
	48
	96
	192
	384
	768
	1536
	3072
	6144
	…
	…
	…

	g9=32
	32
	64
	128
	256
	512
	1024
	2048
	4096
	…
	…
	…
	…

	g10=64
	64
	128
	256
	512
	1024
	2048
	4096
	8192
	…
	…
	…
	…

	g11=128
	128
	256
	512
	1024
	2048
	…
	…
	…
	…
	…
	…
	…


3 Conclusions
In this contribution, the start of NB-PDCCH search space is discussed, which can be summarized through the following proposals:
Proposal 1: 

· For NB-PDCCH search space for UE-SS and CSS for RAR/Msg3 re-transmission/Msg4, the starting subframes are given by , 
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where T=Rmax*GRmax. 

· For each Rmax, the corresponding set of values of parameter GRmax is
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where

[g0, g1, g2, …, g11] = [1.25, 2, 3, 4, 6, 8, 12, 16, 24, 32, 64, 128]
And then one element in the set is chosen as GRmax by 3-bit higher layer signaling.
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