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Introduction
In 3GPP RAN1# adhoc meeting in January, the following agreements were made with regard to physical downlink control channel NB-IoT or NB-PDCCH.
	Agreements:
· For NB-IoT
· The same DCI size for DL and UL is targeted for all operation modes and all coverage cases
· NB-PDCCH and NB-PDSCH are multiplexed only based on TDM at subframe level at least per UE
· It means that only cross subframe scheduling is supported
· Different NB-PDCCHs:
· TDM at subframe level for extended and extreme coverage.
· Can be multiplexed in one subframe for normal coverage
· FFS: FDM+TDM




In this contribution we discuss different aspects of NB-PDCCH design including DCI format, different multiplexing methods for NB-PDCCH.
DCI format
Each NB-PDCCH carries one Downlink Control Information (DCI) message which contains either resource assignment for PDSCH or scheduling grant for NB-PUSCH. An important aspect of physical layer design for NB-IoT system is to keep the UE power consumption low, in order to achieve a long device battery lifetime. Consequently, the UE should turn on its receiver for as short periods of time and in as few occasions as possible during the day. One way to keep this period short is to reduce the DCI size in order to achieve NB-PDCCH transmissions with small payload and short transmission time.
In the DCI design for eMTC this was already considered through various simplifications in order to reduce the number of DCI bits. The same principles could thus be applied to the coverage modes in NB-IoT. Furthermore to reduce the complexity, it is agreed to target the same DCI format for uplink grant and downlink assignment, as well as different coverage levels. Details of data channel design are treated in [1, 2, 3]. Based on this we propose following fields as the content of  DCI formats:
DCI content for DL assignment:
	Indication flag for DL assignment/ UL grant
	1 bit

	Dynamic indication of offset between PDCCH and associated PDSCH
	6 bits

	Dynamic indication of number of repetitions for data channel
	4 bits

	MCS/TBS
	4 bits

	New Data Indication (NDI) 
	1 bit

	Cross Carrier Scheduling 
	3 bits

	Redundancy version
	2 bits

	S_flag regarding paging indication
	1 bit

	CRC 
	16 bits

	Total 
	<=38


Table 1: DCI content for DL assignment
DCI content for UL grant:
	Indication flag for DL assignment/ UL grant
	1 bit

	Dynamic indication of offset between PDCCH and associated PUSCH
	4 bits

	Dynamic indication of number of repetitions for data channel
	4 bits

	MCS/TBS
	3 bits

	New Data Indication (NDI) 
	1 bit

	Redundancy version 
	2 bits

	subcarrier scheduling
	6 bits

	Cross carrier scheduling
	3 bits

	Subcarrier spacing 15kHz/3.75kHz
	1 bits (this field is needed if it would not be indicated in SIB)

	TPC for PUSCH
	2 bits

	CRC 
	16 bits

	Total 
	<= 43


Table 2: DCI content for UL grant
Proposal 1: 	DCI messages can be carried by NB-PDCCH using payload size no more than than 27 (+16 CRC) bits for both UL grant/DL assignments. 
Proposal 2: 	The content of the DCI message is according to tables 1 and 2 for downlink and uplink respectively.
As discussed in [4], it is feasible to support UE positioning with limited impact on UE using NodeB-assisted E-CID using Tavd Type 2 and PPLa. In order to support this method it is required to enable triggering of a PRACH preamble transmission from the UE. To reduce the standardization effort, it is suggested to follow the contention-free random access procedure in release 13 MTC LTE i.e. RA is initiated by a NB-PDCCH order which is triggered if only CRC is scrambled with C-RNTI and DCI fields are set as follows:
Proposal 3: 	Introduce dedicated NB-PRACH request with NB-PDCCH. 
Proposal 4: 	LTE Rel.13 RA procedure for MTC should be the starting point for NB-IoT contention-free random access procedure design. 

Resource multiplexing for NB-PDCCH 
From system point of view it is beneficial to be able to share the DL resources between multiple UEs in case there are at least two UEs in the cell that are in so good coverage that they don’t need the full DL capacity for itself. For NB-PDCCH this multiplexing can be achieved if DCI messages to one UE make use of only a subset of all the available NB-CCEs, similarly as for EPDCCH and M-PDCCH.
As another alternative, FDM between NB-PDCCH resources with smaller channel bandwidth than 1 PRB can be considered, but as explained in [2] our view is that an FDM solution would introduce unnecessary complexity to NB-PDCCH as the search space configuration as well as NB-PDCCH resource element mapping and configuration would then depend on the number of subcarriers available for NB-PDCCH.
Proposal 5:	It should be possible to multiplex different NB-PDCCH within one subframe in case of normal coverage.
In case of LTE and eMTC, since the available bandwidth for scheduling the UEs is at least 6 PRBs, FDM of different M-PDCCH and PDSCH transmissions is considered feasible there. In case of NB-IoT, due to the small system bandwidth, multiplexing of different channels is not desirable for similar reasons as mentioned above. Therefore we prefer TDM rather than FDM between NB-PDCCH and NB-PDSCH.
Proposal 6:	TDM approach is used for multiplexing NB-PDCCH and/or NB-PDSCH.
Furthermore, it should be noted that NB-PDCCH conveys both downlink assignment and uplink scheduling. Since there will be NB-PxSCH transmissions with different transport block sizes and different number of repetitions for different coverage levels, it will be difficult to schedule UEs in an efficient way with legacy fixed timing relationships between control and data channels. This scheduling inflexibility may result in blocking or unused resources. In order to enable the scheduler to serve all UEs and assign NB-PDSCH and NB-PUSCH channels simultaneously and avoid blocking issues, it is preferred to have more dynamic scheduling method in the time domain, i.e. the scheduler should be able determine the time offset between the NB-PDCCH transmission and the associated NB-PxSCH transmission and indicate this offset within a field in the scheduling DCI message.
Proposal 7: 	Support variable timing offset between NB-PDCCH and its associated NB-PxSCH. This timing offset is indicated in the DCI.
DL transmissions to UEs in poor coverage may require many repetitions and thereby block the DL for other UEs. One way to mitigate the risk for blocking is to introduce intermediate transmission gaps at well-defined time instants during long DL transmissions. During these gaps the scheduler can transmit control and data information to other UEs. In our view, using a combination of transmission gaps and TDM scheduling allows NB-IoT to keep the basic DL scheduling unit in frequency as 12 subcarriers, same as for LTE and eMTC.
Proposal 8:	Transmission gaps are introduced for NB-PDCCH with large number of transmissions.
Conclusions
In this contribution we have discussed DCI format and channel multiplexing aspects regarding NB-PDCCH. Based on the discussions, we make the below proposals.
Proposal 1: 	DCI messages can be carried by NB-PDCCH using payload size no more than 27 (+16 CRC) bits  for both UL grant/DL assignments. 
Proposal 2: 	The content of the DCI message is according to tables 1 and 2 for downlink and uplink respectively.
Proposal 3: 	Introduce dedicated NB-PRACH request with NB-PDCCH. 
Proposal 4: 	LTE Rel.13 RA procedure for MTC should be the starting point for NB-IoT contention-free random access procedure design.
Proposal5: 	It should be possible to multiplex different NB-PDCCH within one subframe in case of normal coverage.
Proposal 6: 	TDM approach is used for multiplexing NB-PDCCH and/or NB-PDSCH.
Proposal7:	Support variable timing offset between NB-PDCCH and its associated NB-PxSCH. This timing offset is indicated in the DCI.
Proposal 8: 	Transmission gaps are introduced for NB-PDCCH with large number of transmissions.
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