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In the NB-IoT Ad-Hoc meeting [1], the following agreements were concluded on the multiplexing between different NB-PDCCHs.
Agreements:
· Max aggregation level for NB-PDCCH: 2
· Repetition is only applied in case AL=2
· When AL = 2 is used, two NB-CCEs of the same UE are in the same subframe
Some agreements have been approved by email after the meeting: 
Agreements:
· For NB-PDCCH UE-specific search space: 
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {1, 1, 2}, {2, 1, 1}                                                                     for Rmax =  1
· {1, 1, 2}, {2, 1, 1}, {2, 2, 1}                                                      for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                      for Rmax = 4
· {2, Rmax/8, 1}, {2, Rmax/4, 1}, {2, Rmax/2, 1}, {2, Rmax, 1}           for Rmax >= 8
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space.
· The duration of a search space is Rmax valid subframes.
· For NB-PDCCH common search space for RAR/Msg3 retransmission/Msg4:
· UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {2, 1, 1}                                                                                    for Rmax = 1
· {2, 1, 1}, {2, 2, 1}                                                                     for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                      for Rmax = 4
· {2, Rmax /8, 1}, {2, Rmax /4, 1}, {2, Rmax /2, 1}, {2, Rmax, 1}        for Rmax >= 8
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space. 
· The duration of a search space is Rmax valid subframes.
· For NB-PDCCH common search space for Paging:
· For an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode every Ri valid subframes from the start of the search space to the end of the search space. 
· The duration of a search space is Rmax valid subframes.
In this contribution, we give our further considerations on the design of NB-PDCCH.
Set of options for Rmax
The link level simulation results of NB-PDCCH for in-band operation are shown in Figure 1, with simulation assumptions shown in Annex A. It is seen that 256 repetitions are required to achieve 164 dB MCL. Allowing a typical 3 dB implementation margin, 512 repetitions are required to achieve 167 dB MCL. Furthermore, as agreed in RAN1#82bis, “if more than one PRB is used for NB-IoT, not more than 1 PRB is boosted by 6dB”. Hence if there is an additional configured PRB for unicast, it may not be able to enjoy power boosting due to the limitation of eNB total transmit power. Four times more repetitions are required for NB-PDCCHs on those PRBs to compensate the 6 dB loss in power boosting i.e., a maximum of 2048 repetitions is required for NB-PDCCH transmission.
[image: ]
[bookmark: _Ref445214934]Figure 1 Performance of NB-PDCCH for in-band operation
Proposal 1: For NB-PDCCH search space, the set of options for Rmax is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. 
Common search space for paging
The CSS for paging should have as many Rmax levels and numbers of NB-PDCCH repetitions within each level as possible, e.g. 12 Rmax levels (counting all Exponential power of 2 from 2048 down to 1) and 8 repetitions per Rmax level.
Proposal 2: For NB-PDCCH common search space for Paging, UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {2, 1, 1}                                                                                                                                 for Rmax = 1
· {2, 1, 1}, {2, 2, 1}                                                                                                               for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                                               for Rmax = 4
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}                                                                                for Rmax = 8
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}                                                              for Rmax = 16
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}                                            for Rmax = 32
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}                          for Rmax = 64
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}      for Rmax = 128
· {2, 1, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1} 
                                                                                 for Rmax = 256
· {2, 1, 1}, {2, 4, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1} 
for Rmax = 512
· {2, 1, 1}, {2, 8, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1} 
 for Rmax = 1024
· {2, 1, 1}, {2, 16, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}, {2, 2048,1} 
for Rmax = 2048
Configuration of NB-PDCCH search space
The configuration of NB-PDCCH search space includes period and starting subframe. Considering the maximum value for Rmax can be as large as 2048, the maximum period of NB-PDCCH should be larger than 2048. The option set for the configuration of NB-PDCCH search space is shown in Table 1 and Table 2. The configuration for common search space can be carried in an NB-SIB, while that for UE-specific search space in dedicated RRC signaling. The period of common search space starts from frame #0, while that of UE-specified search space starts from the next frame following the last frame of the RRC signaling transmission. Within each period, an NB-PDCCH search space starts in the first valid subframe at or after the pair of starting (frame, subframe) selected from Table 2. This is to strike a balance between higher-layer signaling overhead and number of opportunities to start a search space.
[bookmark: _Ref445223510]Table 1 Set of options for the periodicity of NB-PDCCH search space
	Index
	0
	1
	2
	3
	4
	5
	6
	7

	Period (ms)
	20
	40
	80
	160
	320
	640
	1280
	2560


[bookmark: _Ref445223519]
[bookmark: _Ref445710445]Table 2 Set of options for the starting subframe of NB-PDCCH search space
	Index
	0
	1
	2
	3

	Starting (frame, subframe)
	(0, 0)
	(0, 5)
	(1, 0)
	(1, 5)

	Index
	4
	5
	6
	7

	Starting (frame, subframe)
	(2, 0)
	(2, 5)
	(3, 0)
	(3, 5)

	Index
	8
	9
	10
	11

	Starting (frame, subframe)
	(4, 0)
	(4, 5)
	(6, 0)
	(6, 5)

	Index
	12
	13
	14
	15

	Starting (frame, subframe)
	(8, 0)
	(8, 5)
	(12, 0)
	(12, 5)

	Index
	16
	17
	18
	19

	Starting (frame, subframe)
	(16, 0)
	(16, 5)
	(24, 0)
	(24, 5)

	Index
	20
	21
	22
	23

	Starting (frame, subframe)
	(32, 0)
	(32, 5)
	(48, 0)
	(48, 5)

	Index
	24
	25
	26
	27

	Starting (frame, subframe)
	(64, 0)
	(64, 5)
	(96, 0)
	(96, 5)

	Index
	28
	29
	30
	31

	Starting (frame, subframe)
	(128, 0)
	(128, 5)
	(192, 0)
	(192, 5)



Proposal 2: Configuration of NB-PDCCH search space should include period and starting frame.
Proposal 3: The set of options for the periodicity of NB-PDCCH search space is {20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms,}
· The starting frame and valid subframe combinations within each periodicity of NB-PDCCH search space are according to Table 2.
Proposal 4: The configuration for common search space can be carried in an NB-SIB, while that for UE-specific search space by dedicated RRC signaling.
Timing relationship
It is proposed to confirm the following working assumptions on the timing relationship between NB-PDCCH and NB-PDSCH:
· 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.
Proposal 5: Confirm the working assumption: the start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space.
Proposal 6: Confirm the working assumption: the start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment.


Conclusions 
In this contribution, further considerations on NB-PDCCH search space are provided, and the following proposals are given:
Proposal 1: For NB-PDCCH search space, the set of options for Rmax is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. 
Proposal 2: For NB-PDCCH common search space for Paging, UE monitors one of the following sets of {AL, #repetition, #blind decodes}:
· {2, 1, 1}                                                                                                                                 for Rmax = 1
· {2, 1, 1}, {2, 2, 1}                                                                                                               for Rmax = 2
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                                               for Rmax = 4
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}                                                                                for Rmax = 8
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}                                                              for Rmax = 16
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}                                            for Rmax = 32
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}                          for Rmax = 64
· {2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}      for Rmax = 128
· {2, 1, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1} 
                                                                                 for Rmax = 256
· {2, 1, 1}, {2, 4, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1} 
for Rmax = 512
· {2, 1, 1}, {2, 8, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1} 
 for Rmax = 1024
· {2, 1, 1}, {2, 8, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}, {2, 2048,1} 
for Rmax = 2048
Proposal 2: Configuration of NB-PDCCH search space should include period and starting frame.
Proposal 3: The set of options for the periodicity of NB-PDCCH search space is {20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms, 2560ms,}
· The starting frame and valid subframe combinations within each periodicity of NB-PDCCH search space are according to Table 2.
Proposal 4: The configuration for common search space can be carried in an NB-SIB, while that for UE-specific search space by dedicated RRC signaling.
Proposal 5: Confirm the working assumption: the start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space.
Proposal 6: Confirm the working assumption: the start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment.
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Annex A [bookmark: _Ref438890703]Simulation assumptions

Table 3 Simulation assumptions
	Parameter
	Value

	Tx power
	35dBm

	Frequency band
	900 MHz

	Channel model
	TU

	Doppler spread
	1 Hz

	Interference/noise
	Sensitivity

	Antenna configuration
	eNB: 2T1R
UE: 1T1R

	Cyclic prefix
	Normal

	Timing uncertainty
	Randomly chosen from two values: -2.6 us and 2.6 us.

	CFO
	Randomly chosen from two values: -50 Hz and 50 Hz.
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