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1 Introduction

At the last RAN1 #84 meeting, progress was made towards the specification of an NB-PDCCH control channel and the following was agreed.
	· 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

· For blind decoding, UE is not required to monitor more than:

· 3 NB-PDCCH blind decoding candidates in any subframe when there is no NB-PDCCH repetition, and 

· 4 NB-PDCCH blind decoding candidates in any subframe when there is NB-PDCCH repetition of any of the candidates in the subframe



This contribution addresses the remaining issues of the NB-PDCCH design including the DCI design. Companion contributions on the NB-IoT timing relationships and the NB-PDCCH search space design can be found in [3]

 REF _Ref445843178 \r \h 
[6].
2 Remaining details of NB-PDCCH design
Figure 1 shows the processing diagram for the NB-IoT Physical Downlink Control Channel (NB-PDCCH). 
[image: image1.png]



Figure 1: Block diagram of the NB-PDCCH channel processing
2.1 CRC Attachment
Error detection through Cyclic Redundancy Check (CRC) follows Section 5.3.3.2 in [2]. 
2.2 Channel Coding

Tail biting convolutional encoding according to section 5.3.3.3 in [2] is used for the NB-PDCCH channel coding. 
2.3 Rate Matching
Rate matching follows Section 5.3.3.4 in TS 36.212 [2]. 
2.4 Scrambling

The scrambling sequence for the NB-PDCCH is given in 7.2 of TS 36.211 [1]. The same initialization as in Section 6.8.2 of [1] can be used for NB-IoT. 

2.5 Modulation Mapping

NB-PDCCH is transmitted using QPSK according to Section 7.1 of TS 36.211 [1]. 
2.6 Layer Mapping

The modulated symbols are mapped to layers according to Sections 6.3.3.1 and 6.3.3.3 in [1] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.

2.7 Precoding

The modulated symbols are precoded according to Sections 6.3.4.1 and 6.3.4.3 in [1] for a single NB-RS antenna port and more than one NB-RS antenna port, respectively.
2.8 Resource Element Mapping

For the case of aggregation level two, it is clarified that the RE mapping for the NB-PDCCH is according to the illustration in Figure 2.
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Figure 2: RE mapping for NB-PDCCH
3 DCI design for NB-IoT
3.1 DCI content for DL assignment
One of the remaining issues to finalize the NB-PDCCH design is the DCI content. Table 1 depicts our preference for the DCI content for DL assignments. Further details on NB-IoT timing relationships, DL HARQ-ACK feedback design, and NB-PDSCH MCS/TBS design can be found in our companion contributions in [3]

 REF _Ref445843627 \r \h 
[4]

 REF _Ref445843630 \r \h 
[5]. The NB-PDCCH search space design is treated in a separate contribution is [6]. Also note that this table mainly serves as a starting point for further discussions during the NB-IoT ad-hoc meeting. For example, some of the details for particular rows may depend on the exact design decisions for open issues. In addition, as has been the case for the NB-MIB design at the last meeting, some of the fields in Table 1 could be encoded jointly as, for instance, indicated for the number of NB-PDCCH repetitions and the offset between an NB-PDCCH and the associated NB-PDSCH below. 
Table 1: DCI content for DL assignment

	DL assignment/ UL grant differentiation flag
	1 bit

	NB-PDSCH rate matching indication
	2 bits

	Number of NB-PDCCH repetitions
	2 bits
	Could be jointly encoded

	Offset indication between NB-PDCCH and associated NB-PDSCH
	3 bits
	

	Number of NB-PDSCH repetitions
	3 bits

	MCS/TBS
	3 bits

	New data indication
	1 bit

	HARQ ACK/NACK resource indication
	4 bits

	CRC
	16 bits

	Total
	35 bits


3.2 DCI content for UL grant
Table 2 depicts our preference for the DCI content for UL grants. Similar to the DL case, this table mainly serves as a starting point for further discussions during the NB-IoT ad-hoc meeting as some of the details for particular rows may depend on the exact design decisions for open issues. In addition, as has been the case for the downlink, some of the fields in Table 2 could be encoded jointly as, for instance, indicated for the number of NB-PDCCH repetitions and the offset between an NB-PDCCH and the associated NB-PUSCH below. 
Table 2: DCI content for UL grant
	DL assignment/ UL grant differentiation flag
	1 bit

	NB-PUSCH resource allocation
	FFS

	Number of NB-PDCCH repetitions
	2 bits
	Could be jointly encoded

	Offset indication between NB-PDCCH and associated NB-PUSCH
	2 bits
	

	Number of NB-PUSCH repetitions
	3 bits

	MCS/TBS
	3 or 4 bits

	New data indication
	1 bit

	Redundancy version
	2  bits

	CRC
	16 bits

	Total
	FFS


4 Conclusion

This contribution addressed the remaining issues of the NB-PDCCH design including the DCI design. For the DCI content, we made the following proposals:
Proposal 1: DCI content for DL assignment
· DL assignment/ UL grant differentiation flag - 1 bit

· NB-PDSCH rate matching indication - 2 bits

· Number of NB-PDCCH repetitions - 2 bits

· Offset indication between NB-PDCCH and associated NB-PDSCH - 3 bits


· Number of NB-PDSCH repetitions - 3 bits

· MCS/TBS – 3 bits
· New data indication - 1 bit

· HARQ ACK/NACK resource indication - 4 bits
Proposal 2: DCI content for UL grant
· DL assignment/ UL grant differentiation flag - 1 bit

· NB-PUSCH resource allocation - FFS

· Number of NB-PDCCH repetitions - 2 bits

· Offset indication between NB-PDCCH and associated NB-PUSCH - 2 bits


· Number of NB-PUSCH repetitions - 3 bits

· MCS/TBS – 3 bits
· New data indication - 1 bit

· Redundancy version - 2  bits
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