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1 Introduction
In RAN1#86th meeting, there are extensive discussions on the time unit that 5G NR needs to support and relevant frame structure. The following agreements are made [1]:
Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe

· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded

· One possible scheduling unit

· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
In this contribution, we discussed the design aspects on the DL control channel design and present our views.

2 DL control channel requirements
In legacy LTE system, a DL control region is defined and spans over 1~3 symbols for normal subframes. In the DL control region, PCFICH is introduced to dynamically indicate the size of the control region in a subframe, PHICH is introduced to carry the DL ACK/NACK information and PDCCH is introduced to carry the DL/UL scheduling grants. The DL control region spans over the entire bandwidth in a carrier. 
5G NR is targeting to support various types of service (e.g, eMBB, URLLC, mMTC) with quite different performance requirements such as spectrum efficiency and latency. The DL control channel design need to be carefully designed to support the multiplexing different types of service. In our understanding, the DL control channel design should consider at least the following aspects

1) Forward compatibility

Forward compatibility of NR shall ensure smooth introduction of future services and features while efficient access of the earlier services and UEs in the same spectrum is still ensured. It has been agreed that the design should striving for confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource [2] from the viewpoint of forward compatibility. Meanwhile, UEs might have different capability, bandwidth requirement. Thus unlike the legacy DL control channel design that spans over the entire carrier bandwidth, the time/frequency resource to carry  DL control channel for 5G NR should be limited at least from the UE side. Meanwhile, the presence of the DL control channels should be designed in an on-demand manner and only be transmitted when needed.
2) UE-specific reference RS based demodulation

In legacy LTE design, the control channel demodulation is based on CRS which is a cell-specific RS. In 5G NR, the wideband RS may be absent, thus, the control channel demodulation should be based on the UE-specific RS.
3) Multiplexing of different numerologies
TDM/FDM multiplexing of different numerologies is supported to meet the service requirement which introduce quite different length of scheduling units. The control channel should be flexible enough to support variable TTI length. 

Proposal 1: The DL control channel design should take into account the following aspects

· Forward compatibility

· UE-specific reference RS based demodulation
· Multiplexing of different numerologies

3 DL control channel design aspects
In RAN1 #86th meeting, extensive discussion on the time units is present. Finally the concept of “subframe”, “slot” and “mini-slot” are agreed to be the starting points of the NR frame structure. From the UE perspective, it is important to acquire the time instance to monitor the control channel to save the UEs’ detection complexity. The control channel design should be efficient to support different services especially for the one have strictly latency requirement. The symbol length regarding different subcarrier spacing is illustrated in Table 1:
Table 1: Symbol length with different subcarrier spacings
	Subcarrier spacing
	Nominal duration of one symbol (µs)
	Duration of 2 symbols (µs)
	Duration of 4 symbols (µs)
	Duration of 7 symbols (µs)

	15kHz
	71.43
	142.86
	285.71
	500

	30kHz
	35.71
	71.43
	142.86
	250

	60kHz
	17.86
	35.71
	71.43
	125

	120kHz
	8.93
	17.86
	35.71
	62.5

	240kHz
	4.46
	8.93
	17.86
	31.25

	480kHz
	2.23
	4.46
	8.93
	15.625


Note that equal CP length for all symbols is assumed in table 1. For eMBB service, a transmission may spans over multiple slots, the DL control channel can be presented in the beginning of the starting slot. For URLLC service, the 0.5ms DL/UL latency requirement can be satisfied with 7 symbols bundled as a scheduling unit even with 15KHz subcarrier spacing as observed. However, when large subcarrier spacing is utilized, the scheduling granularity is quite low if the concept of mini-slot is introduced. Thus, the necessity to introduce DL control channel in every mini-slot if introduced should be further studied.
Proposal 2: The DL control channel design should at least be allowed to be transmitted in the beginning of a slot 

Proposal 3: The necessity to introduce DL control channel in every mini-slot if introduced should be further studied.
4 Conclusions
In this contribution, we present the discussion on the requirement and design aspect on the DL control channels. Based on our analysis, we have the following proposals:
Proposal 1: The DL control channel design should take into account the following aspects

· Forward compatibility

· UE-specific reference RS based demodulation

· Multiplexing of different numerologies

Proposal 2: The DL control channel design should at least be allowed to be transmitted in the beginning of a slot 

Proposal 3: The necessity to introduce DL control channel in every mini-slot if introduced should be further studied.
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