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1. Introduction
At the last NB-IoT ad-hoc meeting, NB-PDCCH design aspects regarding set of repetition number, some DCI fields and starting subframe configuration reached the following progresses [1]
Agreements:
· 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}

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

· Values are FFS. 

Agreements:
· 5 bits in UL grant are used to jointly indicate the subcarrier number and starting subcarrier for NB-PUSCH transmission with 15 kHz subcarrier spacing. 

· 6 bits in UL grant are used to indicate the subcarrier index for NB-PUSCH transmission with 3.75 kHz subcarrier spacing (48 non-overlapping single-tone allocations).

Agreement:

Start of PDCCH search space: 

· Signalled by RRC with 3 bits for each search space except for CSS for paging

In this contribution, we will discuss the remaining issues of the NB-PDCCH design in terms of remaining fields in DCI and NB-PDCCH configuration.  

2. Discussion
2.1. DCI  
During the last meeting, sizes of resource allocation, MCS indication, the number of DCI repetitions , scheduling delay and redundant version were determined. Our views on the remaining fields are shown as follows
· DL assignment/ UL grant differentiation flag: 1 bit

· Number of NB-PDSCH/NB-PUSCH repetitions: 3 bits by reusing the principle in eMTC case

· NDI: 1 bit

· TPC command for NB-PUSCH:

TPC command filed in DCI is used to carry the power adjustment parameter fc(i). According to the conclusion achieved at the last meeting, there were two possible alternatives
· Alt 1: A power adjustment parameter indicated by DCI
· Alt 2: No TPC command, fc(i)=0. 

In our opinion, Alt.2 is preferable considering the power control information may be out of date due to the relaxed scheduling timing line. In addition, the closed loop power control depends on measurement and report, which would result in power consumption and additional signaling overhead. Therefore, it is better not to support the closed loop power control and then the TPC command field in UL grant can be removed accordingly. 
· Aperiodic CSI trigger:

At the last meeting, there was no consensus in RAN1 to support aperiodic CSI in Rel-13. In our view, the accuracy of the CSI measurement can’t be guaranteed and additional complexity and standardization effort is required to support it. Thus, it is better not to support aperiodic CSI feedback and remove the aperiodic CSI trigger in DCI accordingly. 
· HARQ resource indication:

4 bits can be defined for the HARQ resource indication in DL assignment. Within the 4 bits, 2 bits are used to indicate the time offset between the end of PDSCH and corresponding HARQ feedback and 2 bits are used to derive the sub-carrier for the HARQ transmission. 
· Padding bits 

Now the total number of required bits is 35/36 for the UL grant and the total number of required bits is 37 for DL assignment. In this case, 1/2 padding bits will be inserted in the UL grant to align the sizes of DL assignment and UL grant. 
Table 1 DCI contents for DL assignment and UL grant

	
	DL assignment
	UL grant

	DL assignment/ UL grant differentiation flag
	1 bit
	1bit

	Number of RU (Agreed)
	3 bits
	5 bits for 15 kHZ subcarrier spacing
6 bits for 3.75kHZ subcarrier spacing

	MCS (Agreed)
	4 bits
	4 bits

	RV(Agreed)
	--
	1 bit

	The number of DCI repetitions(Agreed)
	2 bits
	2 bits

	Scheduling delay (Agreed)
	3 bits
	2 bits

	 The number of data repetitions
	3 bits
	3 bits

	TPC
	--
	0 bit

	Aperiodic CSI trigger
	--
	0 bit

	NDI
	1 bit
	1 bit

	HARQ resource indication
	4 bits
	--

	Padding bits
	--
	2 bits for 15 kHz subcarrier spacing

1 bit for 3.75kHZ subcarrier spacing

	CRC
	16 bits
	16 bits

	Total size
	37 bits
	37 bits


Proposal 1: The size of DL assignment and UL grant is 37 bits

·  NDI: 1 bit

·  DL assignment/ UL grant differentiation flag: 1 bit

·  The number of NB-PDSCH/NB-PUSCH repetitions : 3 bits

·  HARQ resource indication in DL assignment: 4 bits

·  Padding bits in UL grant: 1 or 2  bit(s)

2.2. NB-PDCCH configuration 
To reduce the NB-PDCCH detection complexity and save power, the starting subframes of search space is limited to a subset of subframes and it was agreed that 3 bits in RRC signaling is to be used for the starting subframe configuration. Regarding the detailed configuration mechanism, the principle in eMTC case can be reused as the baseline. In eMTC, the starting subframes for the MPDCCH UE-specific search space is 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 mPDCCH-startSF-UESS.
According to the above equation, the periodicity of the search space depends on the maximum number of repetitions in eMTC. In NB-IoT, the situation may be different considering that transmission gap would be configured for some cases. The impact of the transmission gap should be considered when determining the periodicity. For simplicity, the duration of the search space can replace the Rmax during the periodicity determination. 
· When transmission gap is not configured, the duration of the search space equals to the Rmax as shown in case (a) of Fig.1.  
· When transmission gap is configured, the duration of the search space contains the subframes used for NB-PDCCH repetitions and the transmission gap as displayed in case (b) of Fig.1 
[image: image2.emf]USS USS

D=Rmax

T=G*D

(a) Case without transmission gap

D=Rmax+T_

gap

T=G*D

(b) Case with transmission gap


Figure 1 : Example for the periodicity determination in NB-IoT
Proposal 2: Reuse the principle of starting subframe configuration in eMTC for NB-IoT
Proposal 3: The impact of transmission gap should be considered for the starting subframe determination. 

3. Conclusion
In this contribution, we discussed the remaining issues of the NB-PDCCH design. Our views on the remaining issues are summarized as follows
Proposal 1: The size of DL assignment and UL grant is 37 bits

·  NDI: 1 bit

·  DL assignment/ UL grant differentiation flag: 1 bit

· The number of NB-PDSCH/NB-PUSCH repetitions : 3 bits

·  HARQ resource indication in DL assignment: 4 bits

·  Padding bits in UL grant: 1 or 2  bit(s)

Proposal 2: Reuse the principle of starting subframe configuration in eMTC for NB-IoT
Proposal 3: The impact of transmission gap should be considered for the starting subframe determination. 
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