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1. Introduction 
In RAN1#84 [1], we agreed the following:
· DL and UL scheduling delays are indicated in DCI

· number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 

· FFS the number of values and the sets of values
· Mapping of 2 CCEs: Upper 6 subcarriers are allocated to one CCE and lower 6 subcarriers are allocated to the other CCE within a PRB pair. 

· NB-PDCCH is punctured on REs used for CSI-RS in the in-band case

· No signalling of CSI-RS configurations is provided to NB-IoT UEs. 

· CSS is defined for RAR (as well as paging)

· UE is not required to simultaneously monitor NB-PDCCH USS and CSS

· Max aggregation level for NB-PDCCH: 2

· Repetition is only applied in case AL=2

· For USS, UE only searches in its configured set of ALs and numbers of repetitions of PDCCH

· When AL = 2 is used, two NB-CCEs of the same UE are in the same subframe
This contribution discusses some considerations on NB-PDCCH.
2. Discussion
2.1
Search Space

In email discussion [84-06] on the details of the NB-PDCCH search spaces, we agreed on the candidates for USS and CSS for RAR/Msg3 ReTx/Msg4:
· 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.
During the email discussion it is proposed that the candidates are reduced in the CSS for paging, i.e. for an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode the first Ri valid subframes from the start of the search space.  This is similar to the CSS for paging used in eMTC.  We support this proposal.

Proposal 1: For CSS for paging, for an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode the first Ri valid subframes from the start of the search space.

Since paging is performed in idle mode, the eNB is unaware of the UE’s radio condition and therefore it cannot assign a search space that targets a specific CE level.  Instead, the eNB needs a search space that covers the entire cell ranging from the best coverage to the worst coverage.  Hence it is noted that the dynamic range on number of repetitions of the search spaces for USS and CSS for RAR/Msg3 ReTx/Msg4 is not sufficient paging CSS.  
Observation 1: The dynamic range of the number of repetitions for paging CSS needs to be larger than that for USS and CSS for RAR/Msg3 ReTx/Msg 4 since eNB is unaware of the UE’s radio condition in idle mode.

A set of search spaces is required to cater for various deployments, system bandwidths, target coverage enhancement levels (MCL of 144 dB, 154 dB, 164 dB) and whether power boosting is applied or not.  The repetitions required for these search spaces can be derived firstly from a set of reference search spaces and the other search spaces targeting the different scenarios can be scaled according to the gain in PSD between the reference search space and these other search spaces.
We consider a search space for a reference scenario of 144 dB MCL without power boosting for in-band operation at 20 MHz system bandwidth.  In LTE, the max AL=32 for ePDCCH and we assume this is sufficient for cell edge UEs for a 20 MHz system bandwidth. To estimate the equivalent aggregation level for NB-IoT, an additional 7 dB is factored in, covering the absence of frequency diversity (3 dB) and the loss due to use of 1 Rx (4 dB). This leads to an AL=160 (40 PRB pairs) and rounding up to the nearest power of two would give a required AL=256 for the reference scenario.  AL=256 is equivalent to 64 PRB pairs or an NB-PDCCH repetition of 64 (i.e. Rmax=64) with a single PRB-pair.  The maximum NB-PDCCH repetition with 3 dB and 6 dB power boosting are 32 and 16 respectively.
For 154 dB MCL without power boosting for in-band operation at 20 MHz system bandwidth, we need 10× the NB-PDCCH repetition of the reference scenario, i.e. 400 repetitions.  Rounding up to the nearest power of 2s would give a max repetition of 512.  Similarly, the max repetition with 3 dB and 6 dB power boosting are 256 and 128 respectively.
For 164 dB MCL without power boosting for in-band operation at 20 MHz system bandwidth, we need 100× the NB-PDCCH repetition of the reference scenario, i.e. 4000 repetitions.  Rounding up to the nearest power of 2 would give a max repetition of 4096.  The max repetition with 3 dB and 6 dB power boosting are 2048 and 1024 respectively.

The repetitions/candidate of a reference set of search spaces is therefore constructed using the reference scenario of in-band operation at 20 MHz system bandwidth.  The search spaces for the other system bandwidths can be derived from this reference set of search spaces by scaling according to the gain in PSD, assuming the eNodeB transmit power is the same for all system bandwidths.  NOTE: For 15 MHz system bandwidth, the search space would be rounded up to the nearest power of 2 and would therefore be equivalent to those in 20 MHz system bandwidth.  This is shown in Table 1.
Table 1: Repetitions for set of paging CSS
	MCL
	Power Boost
	In-band

	
	
	5 MHz (0.25×)
	10 MHz (0.5×)
	15 MHz/20 MHz (Reference)

	144 dB
	6 dB
	{1, 2, 4}
	{1, 2, 4, 8}
	{1, 2, 4, 8, 16}

	
	3 dB
	{1, 2, 4, 8}
	{1, 2, 4, 8, 16}
	{1, 2, 4, 8, 16, 32}

	
	0 dB
	{1, 2, 4, 8, 16}
	{1, 2, 4, 8, 16, 32}
	{1, 2, 4, 8, 16, 32, 64}

	154 dB
	6 dB
	{1, 2, 4, 8, 16, 32}
	{1, 2, 4, 8, 16, 32, 64}
	{1, 2, 4, 8, 16, 32, 64, 128}

	
	3 dB
	{1, 2, 4, 8, 16, 32, 64}
	{1, 2, 4, 8, 16, 32, 64, 128}
	{1, 2, 4, 16, 32, 64, 128, 256}

	
	0 dB
	{1, 2, 4, 8, 16, 32, 64, 128}
	{1, 2, 4, 16, 32, 64, 128, 256}
	{1, 2, 4, 32, 64, 128, 256, 512}

	164 dB
	6 dB
	{1, 2, 4, 16, 32, 64, 128, 256}
	{1, 2, 4, 32, 64, 128, 256, 512}
	{1, 2, 4, 32, 128, 256, 512, 1024}

	
	3 dB
	{1, 2, 4, 32, 64, 128, 256, 512}
	{1, 2, 4, 32, 128, 256, 512, 1024}
	{1, 4, 32, 64, 256, 512, 1024, 2048}

	
	0 dB
	{1, 2, 4, 32, 128, 256, 512, 1024}
	{1, 4, 32, 64, 256, 512, 1024, 2048}
	{2, 8, 32, 128, 512, 1024, 2048, 4096}


It can be observed that in extreme coverage, without power boosting, the number of repetitions is significant, e.g. 4096 in 20 MHz.  This can lead to a paging repetition overlapping several paging occasions which can cause confusion as to when the, paging CSS started.  For extreme coverage, it is beneficial that power boosting is automatically applied.  For 20 MHz system bandwidth, 6 dB power boosting should be applied for 164 dB MCL.  For 5 MHz and 10 MHz system bandwidth, power boosting of at least 3 dB should be applied.
Proposal 2: For paging CSS in extreme coverage a maximum repetition of 1024 is used, which assume that the following power boosting is used for in-band operation:

· 6 dB is applied for system bandwidth ≥ 15 MHz

· 3 dB is applied for system bandwidth < 15 MHz

Since standalone operation has a PSD that is 25× that of 5 MHz in-band operation, the repetitions for paging CSS in standalone operation are 25× less than those for 5 MHz in-band operation.  Hence, a single repetition is sufficient for 144 dB MCL in standalone and for 164 dB MCL, 64 repetitions are sufficient.  Guardband operation can use the search spaces from standalone or in-band operation depending whether a separate PA is used for NB-IoT or not.  The overall set of search spaces is shown in Table 2.
Table 2: Repetitions for candidates in paging CSS

	Index
	Standalone /Guard-band
	In-band

	
	
	5 MHz
	10 MHz
	15 MHz /20 MHz

	1
	{1}
	{1, 2, 4}
	{1, 2, 4, 8}
	{1, 2, 4, 8, 16}

	2
	{1, 2}
	{1, 2, 4, 8}
	{1, 2, 4, 8, 16}
	{1, 2, 4, 8, 16, 32}

	3
	{1, 2, 4}
	{1, 2, 4, 8, 16}
	{1, 2, 4, 8, 16, 32}
	{1, 2, 4, 8, 16, 32, 64}

	4
	{1, 2, 4, 8}
	{1, 2, 4, 8, 16, 32}
	{1, 2, 4, 8, 16, 32, 64}
	{1, 2, 4, 8, 16, 32, 64, 128}

	5
	{1, 2, 4, 8, 16}
	{1, 2, 4, 8, 16, 32, 64}
	{1, 2, 4, 8, 16, 32, 64, 128}
	{1, 2, 4, 16, 32, 64, 128, 256}

	6
	{1, 2, 4, 8, 16, 32}
	{1, 2, 4, 8, 16, 32, 64, 128}
	{1, 2, 4, 16, 32, 64, 128, 256}
	{1, 2, 4, 32, 64, 128, 256, 512}

	7
	{1, 2, 4, 8, 16, 32, 64}
	{1, 2, 4, 16, 32, 64, 128, 256}
	{1, 2, 4, 32, 64, 128, 256, 512}
	{1, 2, 4, 32, 128, 256, 512, 1024}

	8
	{1, 2, 4, 8, 16, 32, 64, 128}
	{1, 2, 4, 32, 64, 128, 256, 512}
	{1, 2, 4, 32, 128, 256, 512, 1024}
	


The set of search spaces in the above table allow the system to adapt to different combinations of eNodeB transmit power, system bandwidth, DL power boosting level and mode of operation. In practice, only one of the search spaces would be used in any one cell. The UE needs to know which search space to use.
Since the UE would know its operation mode and likely the system bandwidth, the paging CSS can be indicated using 3 bits as shown in Table 2.  Alternatively, it can be indicated using 4 bits for search space ranging with Rmax = 1 to 1024 (11 possible search spaces).  We have a preference to use 3 bits indication.
Proposal 3: The CSS paging is derived from the operation mode and/or system bandwidth and a 3 bit indicator.

2.2
Starting NB-PDSCH & NB-PUSCH locations

In the previous meeting it was agreed that the starting subframe of the data channel (NB-PDSCH and NB-PUSCH) is indicated in the DCI.  The reference subframe  to which the starting subframe of the data channel refers needs to be defined.  The following are 3 possible options:
· Option 1: The starting subframe of the data channel is relative to the end of the NB-PDCCH that schedules the data channel.  Here the repetition of the NB-PDCCH needs to be indicated (as in eMTC)
· Option 2: The starting subframe of the data channel is relative to the end of the NB-PDCCH search space (i.e. the end of the NB-PDCCH candidate with the largest repetition Rmax).

· Option 3: The starting subframe of the data channel is relative to the start of the NB-PDCCH search space.

Option 1 would require that the NB-PDCCH repetition is indicated as in eMTC.  Option 2 and Option 3 do not require the DCI to indicate the NB-PDCCH repetition.  However, in Option 2, the UE would face a long delay if the largest repetition Rmax is large relative to the smallest repetition.  For example in paging where the largest repetition can be 1024 and the smallest can be 1, a UE that requires 1 NB-PDCCH repetition would have to wait for another 1023 subframes before it can receive the data channel.  For Option 1, assuming the case for USS, if 2 bits are required to indicate 4 NB-PDCCH repetition levels and 3 bits the starting subframe offset, then the possible starting subframe that can be indicated via 8 offsets × 8 possible NB-PDCCH endings = 64 starting subframes.  For Option 3, the equivalent number of bits, i.e. 5 bits, would indicate 64 starting subframes.  It is likely that the 64 starting subframes offered by Option 1 may overlap each other or are very close to each other, which may not offer much benefit.  There may be very little difference between Option 1 and Option 3.  However, since Option 3 does not require an additional field, we have a preference to use Option 3.
Proposal 4: The starting subframe offset indicated in the DCI for NB-PDSCH and NB-PUSCH is relative to the start of the NB-PDCCH search space.

3. Conclusion

In this contribution we discuss some considerations for NB-PDCCH.  We make the following observation:
Observation 1: The dynamic range of the number of repetitions for paging CSS needs to be larger than that for USS and CSS for RAR/Msg3 ReTx/Msg 4 since eNB is unaware of the UE’s radio condition in idle mode.
And we propose the following:
Proposal 1: For CSS for paging, for an NB-PDCCH candidate with number of repetitions Ri, UE needs to blind decode the first Ri valid subframes from the start of the search space.

· Proposal 2: For paging CSS in extreme coverage a maximum repetition of 1024 is used, which assume that the following power boosting is used for in-band operation:

· 6 dB is applied for system bandwidth ≥ 15 MHz

· 3 dB is applied for system bandwidth < 15 MHz

Proposal 3: The CSS paging is derived from the operation mode and/or system bandwidth and a 3 bit indicator.

Proposal 4: The starting subframe offset indicated in the DCI for NB-PDSCH and NB-PUSCH is relative to the start of the NB-PDCCH search space.
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