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1. Introduction
In RAN1 NR Ad-hoc [1], although significant progress on DL control signaling design has been achieved, detailed transmission schemes have not been agreed. This contribution presents our view on general aspects on transmission schemes of NR DL control channel. The details on transmit diversity schemes are discussed in [2]. 
2. Discussion
In LTE, EPDCCH supports both localized and distributed transmissions. In the presence of better channel state information (CSI) at eNB, the localized transmission, whereby the EPDCCH is transmitted in localized frequency domain, intends to benefit from frequency selective scheduling gain and better beamforming gain. On the other hand, in the absence of sufficient CSI at eNB, the distributed transmission, whereby the EPDCCH is transmitted over a distributed set of PRBs configured in the EPDCCH-PRB-Set, aims to leverage more frequency diversity to achieve reliable receive performance. Given that in some cases gNB may have full CSI for the DL channel w.r.t. some UEs while in other situation only partial CSI is available at gNB, therefore we believe both localized and distributed transmission schemes should be supported for NR-PDCCH as well To study the performance of both transmission schemes, some computer simulations have been conducted. The simulation parameters are described in Table 1 in Appendix. In the simulation, the resource mapping methods of localized and distributed NR-PDCCH are illustrated in Figs. 1 and 2, respectively. As shown in Figs 1 and 2, 16 RBs are configured in a control resource set, and two OFDM symbols are used for control symbols in each configured RB. Each smallest block in the figures stand for a REG, each CCE is comprised of 4 REGs, and each blind decoding (BD) candidate consists of all the REGs in same color. It is clear that the control resource set contains 8 AL1, 4 AL2, 2 AL4 and 1 AL8 BD candidates. 
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Figure 1. Resource mapping of localized NR-PDCCH transmission, 2 control symbols, time-first REG-CCE mapping, 4 REGs/CCE.
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Figure 2. Resource mapping of distributed NR-PDCCH transmission, 2 control symbols, time-first REG-CCE mapping, 4 REGs/CCE.
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Figure 3. Localized vs. distributed transmission, 2 control symbols, 2x2 SFBC, time-first REG-CCE mapping, 40 bits DCI, TDL-A
The BLER performance of both localized and distributed NR-PDCCH is illustrated in Fig. 3. As shown from Fig. 3, thanks to additional frequency diversity, distributed transmission outperforms localized transmission when frequency selective scheduling is not possible due to the lack of sufficient CSI at gNB.
[bookmark: p1]Proposal 1: NR-PDCCH should support both localized and distributed transmission.
As discussed above, beamforming transmission, specifically DMRS based beamforming transmission, shall be supported for NR-PDCCH. To improve the control channel spectrum efficiency, MU-MIMO transmission is supported by EPDCCH. Such MU-MIMO operation can be realized by using orthogonal/quasi-orthogonal DMRS based transmission. We envision that it can be advantageous to support MU-MIMO transmission for NR-PDCCH as well. It is currently understood that the DMRS of NR-PDCCH can be designed on a REG level. To avoid large DMRS overhead, each REG may only support DMRS associated with up to 2 antenna ports. Accordingly, it is logical for NR-PDCCH to support up to 2 layer MU-MIMO transmission.     
[bookmark: p2]Proposal 2: To increase control channel capacity and spectrum efficiency, NR-PDCCH should support MU-MIMO transmission.
3. Conclusions
Our proposals in this contribution are summarized as follows.
Proposal 1: NR-PDCCH should support both localized and distributed transmission.
Proposal 2: To increase control channel capacity and spectrum efficiency, NR-PDCCH should support MU-MIMO transmission. 
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Appendix
Table 1. Link level simulation parameters
	Parameters
	Value

	Channel model
	TDL-A, 
Delay scaling: 200ns

	Channel coding
	TBCC 

	Number of gNB transmit antennas
	2

	Number of UE receive antennas
	2

	Numerology [KHz]
	15

	System bandwidth [MHz]
	10

	DCI payload size [Bits]
	40

	Control resource PRB set for localized transmission
	[1:16]

	Control resource PRB set for distributed transmission
	[1:2:32]

	Number of control symbols
	2

	Number of REGs/CCE
	4

	REG-To-CCE
	Time-first

	Aggregation levels
	1, 2, 4 and 8

	Transmission scheme
	SFBC

	Channel estimation
	MMSE, no averaging cross-PRBs 

	UE receiver
	MMSE
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