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1. Introduction
Control channels, which are used for carry control signals such as downlink control information (DCI), are key components for data transmission. PDCCH and EPDCCH are two types of downlink control channel for LTE/LTE-A. PDCCH using fixed symbols to transmit DCI, and because it uses CRS to decode DCI, its capacity and multi-antenna schemes are limited. UE-specific beamforming can be used for EPDCCH because its demodulation is done based on DMRS. And EPDCCH use PDSCH resources to transmit DCI, so its capacity is improved and the interference between different EPDCCH can be coordinated by different time-frequency resource or different beams.
Massive MIMO is a key technology of NR, higher beamforming gain and narrower beam width are the most important characteristics, especially for high frequency band. In order to ensure the coverage of NR PDCCH and improve its flexibility, the following agreements were approved in TSG RAN1 #85:
Agreements:
RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback
· Initial-access signals (synchronization signals and random access channels)
· System-information delivery 
· RRM measurement/feedback
· L1 control channel
In this contribution, we discusses the downlink control channel design for NR, include the channel design and its multi-antenna schemes.
2. Design of NR downlink control channels
Considering the coverage and the flexibility of NR PDCCH, the design of EPDCCH LTE can be incorporated into the design of NR PDCCH. In order to guarantee the signal gain of cell edge users, UE-specific beamforming should be introduced to provide sufficient link margin. There will be various deployment scenarios and service types, such as eMBB, mMTC and ULLRC. If we still design a semifixed NR PDCCH as the PDCCH in LTE, it will not only increase the common overhead for NR PDCCH, but also increase the blind detection complexity. Based on this understanding, a two stage design of NR PDCCH, which is called scheduling based NR PDCCH, is introduced. The short common message in the first stage indicates to the UE whether there is need to further decode PDCCH. This kind of design would reduce UE power consumption by reducing number of blind detections. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK4]In this scheme, the design of NR PDCCH can be decomposed into two parts: one part contains the schedule information of NR PDCCH and the other part contains the actual content of NR PDCCH. The schedule information is used to indicate the resource assignment of NR PDCCH, such as the start resource location and the aggregation level of PDCCH. There are two ways to transmit this information: a dedicated channel or RRC signalling. Code spreading can be used for this schedule information to ensure the dedicated channel reliability. Different user’s information can be multiplexed in the first several symbols in a subframe by a special pattern. For the latter one, schedule information can be sent by RRC signalling in a UE-specific way. 
NR PDCCH contains two search spaces: common search space (CSS) and UE-special search space (USS). CSS is used to transmit some common control messages as paging or random access response message. USS is used to transmit UE-specific control information as DCI. Both of CSS and USS use NR PDSCH resources to transmit downlink control information. However, CSS and USS can be distinguished by using different aggregation level and different scrambling sequence. In order to maximize the diversity gain, the concept of EREG and ECCE can also be introduced for NR PDCCH.
Proposal 1: Two stages design can be introduced for NR downlink control channel, the first stage is used to indicate the resource assignment of NR PDCCH, and the second stage is used to carry downlink control information.
Proposal 2: Dedicated schedule control channel can be designed with code spreading to ensure high reliability. And NR PDCCH can be designed like the EPDCCH of LTE-A.
3. Multi-antenna schemes for NR PDCCH
Reliability and coverage are two key features for the design of NR PDCCH. If beam training can be completed in the initial access process, at least the optimal transmit beam of TRP and the optimal receive beam of UE can be gained. UE-specific beamforming can be used for NR PDCCH to provide sufficient link gain. However, if TRP and UE cannot acquire the best transmit and receive beam information, quasi-omnidirectional or beam switching based multi-antenna schemes should be applied. Three typical omni-directional multi-antenna schemes are introduced in the following part.
· Transmit diversity is the most common and robust quasi-omnidirectional multi-antenna schemes widely used in LTE/LTE-A, such as TM2 in R8 LTE. However, it cannot provide enough antenna gain to the cell edge users, because it doesn’t utilize the array gain of massive MIMO. 
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]Multi-beam based beam switching transmission, such as the larger delay CDD used in LTE, is another effective quasi-omnidirectional multi-antenna scheme. Different high-gain narrow beams are used for different resource element to realize equivalent omni-directional coverage. Moreover, when there is spatial information on UE beams, it is possible to use narrower beams around the UE direction for beam switching. Fig.1 shows an example of 4 beams based beam switching transmission. Each grid in Fig.1 can be seen as an EREG defined in EPDCCH, Bi denotes a beamforming vector used on the corresponding EREG.
· Beamformed transmit diversity can be seen as the combination of beamforming and transmit diversity, it transmits two components of SFBC through two different directional beams in a certain RB or subframe. So both beamforming gain and diversity gain can be obtained for this scheme. Fig. 2 gives an example of beamformed transmit diversity scheme, in which different beams are used to carry the two components of Alamouti coding on different REG or subframe.


Fig.1. Example of multi-beam based beam switching transmission scheme.


Fig.2. Example of beamformed transmit diversity.
4. Analysis
The common characteristic of the proposed three schemes is that all of them don’t need channel state information at transmitter. So they are all suitable for TDD and FDD systems with or without reciprocity. Another advantage is that they are all robust to UE movement with arbitrarily speed, which can also be concluded based on the simulation results of section 5. 
Compared with the other two schemes transmit diversity is more suitable for low frequency band, because it cannot provide enough antenna gain to compensate the pathloss of high frequency band. Multi-beam based beam switching transmission and beamformed transmit diversity can be used to both low band and high band because of their high antenna gain.
[bookmark: OLE_LINK6][bookmark: OLE_LINK9]Transmit diversity and beamformed transmit diversity require that there are at least two digital chains to transmit the two components of Alamouti coding. So the two schemes cannot be used for analog antenna array architectures. And if there are several digital chains, TRP can transmit multiple beams simultaneous to increase the receive SNR and the signal coverage for the multi-beam based beam switching transmission and beamformed transmit diversity. 
The proposed multi-antenna schemes can be used for different multi-point operation scenarios with special configurations. For example, downlink control information can be transmitted by different points using different directional beam to increase the diversity gain and the receive gain at the UE side.
Observation 1: Multi-beam based beam switching transmission and beamformed transmit diversity can be used in both low frequency and high frequency band because of their high antenna gain. However, transmit diversity is more suitable for low frequency band.
Observation 2: Transmit diversity related schemes cannot be used for pure analog antenna architectures, because it requires at least 2 digital chains to receive two signal components.
5. Link level simulation of proposed schemes
In this section we show that the preliminary link level simulation results of the three quasi-omnidirectional multi-antenna schemes proposed in section 3. Numerology and frame structure of FDD-LTE-A are used for the simulation. And the resource allocation of localized EPDCCH is used as the NR PDCCH, however, different beams are used for different EREG in multi-beam based beam switching schemes. Two beams are used to send the two components of transmit diversity for beamformed transmit diversity scheme. The more detailed parameters are illustrated in Table 1.
Table 1 Simulation assumption
	Parameters
	value

	System bandwidth
	6RBs

	MCS
	4

	Channel model
	CDL-D with DS=29ns

	Channel estimation
	ideal

	Antenna parameters at TRP
	(M,N,P) = (8,1,2)

	Antenna parameters at TRP
	(M,N,P) = (1,1,2)

	Codebook for beam switching and beamformed transmit diversity schemes
	DFT based codebook

	UE speed
	3/30/60km/h


The first antenna of each polarization are used to transmit the two components of transmit diversity scheme. 4 orthogonal order-8 DFT vectors are cyclically used for each EREG of multi-beam based beam switching transmission. And the cophasing factor between different polarization is fixed to j. Alamouti coding is firstly used to beamformed transmit diversity scheme, and the two components are transmitted through different polarization. And 4 orthogonal 8-order DFT vectors are cyclically used for each EREG for beamformed transmit diversity scheme.
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Fig.1 BLER performance comparison between different quasi-omnidirectional multi-antenna schemes with different UE speed.
Based on the simulation results illustrated in fig. 1, the following observations can be obtained:
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]Observation 3: BLER performance of all three schemes is not sensitive to the velocity of UE.
Observation 4: Beamformed transmit diversity has the best BLER performance compared with the other two schemes, because it can provide both beamforming and diversity gain.
6. Conclusions
Proposal 1: Two stages design can be introduced for NR downlink control channel, the first stage is used to indicate the resource assignment of NR PDCCH, and the second stage is used to carry downlink control information.
Proposal 2: Dedicated schedule control channel can be designed with code spreading to ensure high reliability. And NR PDCCH can be designed as the EPDCCH of LTE-A.

Observation 1: Multi-beam based beam switching transmission and beamformed transmit diversity can be used in both low frequency and high frequency band because of their high antenna gain. However, transmit diversity is more suitable for low frequency band.
Observation 2: Transmit diversity related schemes cannot be used for pure analog antenna architectures, because it requires at least 2 digital chains to receive two signal components.
Observation 3: BLER performance of all three schemes is not sensitive to the velocity of UE.
[bookmark: _GoBack]Observation 4: Beamformed transmit diversity has the best BLER performance compared with the other two schemes, because it can provide both beamforming and diversity gain.
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