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Introduction
[bookmark: _GoBack]In LTE, there are a few control channels specified. Physical downlink control channel (PDCCH) and enhanced physical downlink control channel (E-PDCCH) were specified for transmitting DL/UL scheduling information and physical uplink control channels (PUCCHs) were specified for SR/HARQ-ACK/CSI feedback. In NR, channels for transmitting control information in DL and UL need to also be specified. This contribution discusses NR DL/UL control signaling considering NR design principles as given in [1, 2].
Control signaling for NR
Downlink control signaling
In LTE, downlink control information (DCI) is transmitted either by physical downlink control channel (PDCCH) or by enhanced physical downlink control channel (E-PDCCH). PDCCH was introduced from the initial phase of LTE Rel-8, is a CRS based transmission, and it is TDM with physical downlink shared channels (PDSCHs). TDM is beneficial from the perspective of UE processing time and micro-sleep gain. As all Rel-8 UEs support the maximum system bandwidth (20MHz), PDCCH is transmitted over the whole system bandwidth in order to maximize frequency diversity gains. The amount of resource for PDCCH can be configured dynamically by transmitting a physical control format indicator channel (PCFICH). For link adaptation, multiple aggregation levels are supported and a search space is defined for reasonable UE decoding complexity.
In Rel-11, E-PDCCH was additionally introduced. The main argument for introducing E-PDCCH is to support increased control channel capacity and frequency domain interference coordination. E-PDCCH uses DMRS based transmission, it is transmitted using one or multiple PRBs, and has limited frequency diversity gain. Instead, it can support DMRS based beamforming. E-PDCCH is FDM with PDSCH so the UE has to store the whole subframe in a TTI and wait to first decode an E-PDCCH. Accordingly UE processing time is increased compared to PDCCH. 
NR DL control channels can be different from LTE control channels. From the design principle of NR [2], it was proposed to remove CRS transmission. Therefore, NR control channels should use DMRS based transmission and UE specific beamforming (or even multi-user MIMO) should be supported. Considering various usage scenarios (at least mMTC use case), it can be assumed that the UE supported bandwidth can be smaller than the system bandwidth. Therefore, subband based control channel design can be considered, in which the control channel is not mapped across the whole component carrier BW. Further, in order to meet potential tight latency requirements, TDM between control channels and data channels should be considered in order to minimize the UE processing time. Multiple CCE aggregation levels and a search space has to also be considered for NR but the details can be FFS according to the NR frame structure design. Table 1 summarizes the characteristics of downlink control channels for LTE and NR.
Table 1: Summary of downlink control channels
	
	LTE PDCCH
	LTE E-PDCCH
	New Radio

	channel estimation
	CRS based
	DMRS based
	DMRS based

	multiplexing with data
	TDM
	FDM
	TDM is preferred

	frequency diversity
	over the whole band
	one of multiple PRBs
	limited BW

	link adaptation
	multiple aggregation level
	multiple aggregation level
	to be supported

	search space
	supported
	supported
	to be supported


Proposal 1: For design of NR downlink control channels, consider the following aspects
· DMRS based transmission is baseline and. UE specific beamforming is supported
· Transmission is not over the whole system bandwidth 
· TDM between control and data channels is beneficial from the perspective of UE processing time
· Link adaptation should be supported, e.g. multiple CCE aggregation level
· UE decoding complexity should be considered in a search space design

UL control signaling
In LTE, uplink control information (UCI) is transmitted either by PUCCH or PUSCH. LTE PUCCH has multiple formats for supporting transmission of scheduling request, HARQ feedback, CSI feedback, and their combinations. PUCCH resources are allocated in each edge of the system bandwidth in order to guarantee a large frequency resource for PUSCH (due to single-carrier transmissions) and frequency diversity gain for PUCCH. Inside the PUCCH region, the exact PUCCH resource is implicitly mapped from the PDCCH resource or explicitly configured by DCI or RRC signaling. A PUCCH is transmitted using the whole 1ms subframe duration and multiple UEs can share the same resource by utilizing orthogonal sequences (code domain multiplexing) or different cyclic shifts of a Zadoff-Chu sequence.
The LTE PUCCH design is based on SC-FDMA. If OFDM is adopted for NR uplink, the design of control channel could be different from LTE. One of the most important aspects for an uplink control channel is coverage. Normally, uplink transmission is the bottleneck for network coverage. Also, the uplink control channel is more critical than the data channel since there is no HARQ operation. There are some proposals to reduce the transmission duration for the NR uplink control channel. However, if the transmission duration of the uplink control channel is shortened, its coverage will be reduced. The information payloads carried via uplink control channel has to also be concluded. Multiplexing of multiple channels and resource allocation are also potential aspects to be studied further.
Table 2: Summary of uplink control channels
	
	LTE PUCCH
	New Radio

	transmission duration
	1ms 
	could be reduced

	coverage
	sufficient
	sufficient coverage required

	information
	SR, HARQ-ACK, and CSI
	FFS

	channel formats
	Multiple PUCCH formats
	Limited number of formats preferred

	multiplexing
	CDM/FDM
	FFS

	resource allocation
	Implicit and explicit mapping
	FFS



Proposal 2: For design of NR uplink control channels, consider the following aspects 
· Sufficient coverage (especially if transmission duration is limited)
· Information to be transmitted via uplink control channel
· Minimum number of control channel formats
· Multiplexing and resource allocation 


Conclusions
This contribution discusses the design aspects for downlink and uplink control channels and proposes following proposals.

Proposal 1: For design of NR downlink control channels, consider the following aspects 
· DMRS based transmission is baseline and UE specific beamforming is supported
· Transmission is not over the whole system bandwidth
· TDM between control and data channels is beneficial from the perspective of UE processing time
· Link adaptation should be supported, e.g. multiple aggregation level
· UE decoding complexity should be considered in a search space design

Proposal 2: For design of NR uplink control channels, consider the following aspects 
· Sufficient coverage (especially if transmission duration is limited)
· Information to be transmitted via uplink control channel
· Minimum number of control channel formats 
· Multiplexing and resource allocation 
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