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1 Introduction
In RAN1 #86bis, some agreements were reached about DL control channel design [1]:
NR should support:

· UE/PDCCH-specific DM-RS for PDCCH reception. At least for beamforming, UE may assume same precoding operation for PDCCH and associated DM-RS for PDCCH.
· FFS: DM-RS is PDCCH-specific and/or UE-specific
· Shared/Common RS for PDCCH reception   
· Whether this sharing will be transparent to UE is FFS
· FFS: Whether UE may assume the same precoding operation between RS and PDCCH
· FFS: QCL between antenna ports for PDCCH demodulation
· Tx diversity supported. Which scheme/how FFS
For the frequency-domain aspects:

· A UE monitors for downlink control information in one or more “control subband”

· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)

· FFS: One DCI message is transmitted within one control subband.

· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 

· FFS if a “control subband” is non-contiguous and/or contiguous in the frequency domain. 

· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain

· FFS: multiplexing of multiple control channels in a subband
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot

· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot
· NR supports at least same-slot and cross-slot scheduling for DL.

Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.

· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Followings applies both DL and UL

· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission

FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity
· NR should support at least the following.
· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· FFS: whether a PRB or a multiple PRBs is the resource unit size
· FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous

· FFS: whether the resource unit size for a DL control channel is called as NR-REG or not
· NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
FFS: whether a NR-CCE contains contiguous PRBs

FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.
· UE-specific DL control information monitoring occasions at least in time domain can be configured

In this contribution, we give our further analysis on PDCCH structure design for NR. Related DCI design and procedure is discussed in companion contribution [2].
2 PDCCH resources in time and frequency domain
In order to reduce latency, decode control signalling should be as soon as possible. The downlink control channels should be located at the beginning of the slot, in the first OFDM symbol or span to several OFDM symbols. Further considering the agreed slot structure with only 7 symbols, one symbol duration of PDCCH should be supported considering the limited available symbols. From overhead point of view, it is also possible to carry all needed number of REs for PDCCH. In that case, payload and DMRS should be multiplexed in same PRB(s). For the purpose of time domain extension, the PDCCH PRB resources can be defined in granularity of OFDM. However, this does not exclude using shared RS outside of the PDCCH PRBs.
Proposal 0: 1-Symbol duration of NR PDCCH is mandated for UE. The PDCCH payload and DMRS should be multiplexed within the same PRB(s).
Transmitting downlink control channel within the first OFDM symbol can be a baseline design. A UE search space can be mapped from the first OFDM symbol. For the case when there are not enough PRBs to map PDCCH, e.g. smaller number of PRBs for control sub-band, more OFDM symbols should be used. 
Considering beamforming-based transmission in higher frequency, beam sweeping scheme with multi-shot transmissions is needed. This will expands downlink control channel from single symbol to multiple symbols at the beginning of slot. It can be beam-specifically or UE-specifically enabled. According to beam coverage performance, trigger this expansion can be periodically or aperiodically. If control channel sweep within 3 symbols, 3 symbols downlink control channel overhead can be acceptable for 14symbols slot. The corresponding numerology subcarrier space usually smaller, which suitable for frequency close to 6GHz. With higher frequency when beam width will be narrower, 28syboml slot can provide more down link control symbol.
Proposal 1: NR PDCCH transmission should support time domain extension for beam sweeping. The sweeping structure can be based on repetition of first symbol(s),
In frequency domain, whole carrier can be divided into several sub-bands. Downlink control channel can be in one or more sub-bands. From the perspective of UE, each UE may need only one sub-band used for downlink control channel. The control sub-band for each UE can be configurable. In those sub-bands not configured as PDCCH, the resource should be able to transmit PDSCH. Thus, PDSCH transmission design should support case that PDSCH starting from Symbol #0.
On the other hand, pre-determined control channel should also be supported. E.g. it can be informed by some broadcast channel such as MIB or Essential SIB or keeping default configuration related to the synchronization signal. 
Proposal 2: NR PDCCH resource configuration includes configurable and non-configurable parts. The sub-bands not configured for PDCCH should be reuse as PDSCH region.
3 PDCCH resource mapping
A downlink control channel sub-band can load multiple PDCCH candidates. They will have different effective coding rates by repetition. NR can use CCE or NR-CCE as control channel resource unit. In LTE, PDCCH based on CRS demodulation, the design of a REG consists for 4 Res. Each REG can allow transmit diversity. The use of 9 REGs enables sufficient frequency diversity. In NR, the frequency diversity should be sufficient within each control sub-band. NR-CCE should not be randomized over the whole channel sub-band. 
Using PRB as the CCE mapping unit, PDCCH, PDSCH Resource mapping can achieve unified granularity in frequency domain. It will allow flexible sharing of PDCCH and PDSCH resource. Considering RS overhead, only less than 12 REs can be used by downlink control channel in one symbol. The RS RE should be around 2~6 per PRB. Then, each NR-CCE can have 4 or more PRBs.
The NR-CCE mapping for each UE should be symbol by symbol in frequency-first manner. The starting candidate of PDCCH should be UE-specific. Considering the PDCCH capacity, a UE’s searching space may expand to OFDM symbols other than the first OFDM symbol. 

Further considering time domain extension of multiple symbols in order to achieve sweeping beam for downlink control channel, down link structure should be repeat in time. Assuming that search space of all UE is fitted in 1 OFDM symbol. This 1 OFDM can repeat to N time’s sweeping. Following are options: 
Alt1: All UEs’ CCEs will start from Symbol #0. A UE will continuously use the PRBs allocated for this UE in Symbol #0 as shown in Figure 1. 
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Figure 1: Alt1 mapping
Alt1: UEs’ CCEs can start from Symbol #0. Some of UE’s CCEs can start from Symbol #1/2. A UE will continuously use the same set of PRBs allocated for this UE as shown in Figure 2.
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 Figure 2: Alt2 mapping
Unused PRBs in the PDCCH region can be used for PDSCH transmission.
Each UE will be configured with different PDCCH duration. For UE does not occupy the all the PDCCH region, PUSCH can reuse the resource, which can transmit data with DMRS structure of PDCCH.  For Alt1, the PRBs for each symbols remains same for each UE. Then, if that UE do not scheduling PDSCH, the source cannot be used by other UEs. Alt2 will allow different UEs reuse the PRBs.
Proposal 3: In the sub-band configured for PDCCH, unused PRBs should be considered for PDSCH transmission.
4 Blind detection
Fast processing of DL control is critical to following data processing and HARQ response. How to reduce the downlink control channel blind detection and latency should be well taken into account in study. Several methods can reach these objectives:
· gNB Limit the number of DCI format payload size, e.g. configuring a candidate payload size subset dynamically or semi-statically.
· gNB restrict the search space by some explicit or implicit indication, avoiding UE blind decoding downlink control channel in a large search space. 
· In order to adapt different channel conditions and different DCI payload sizes, supporting several CCE aggregation levels is necessary. In the same time, using some tree-like or nested design can be used to minimize PDCCH candidate’s number.
5 PDCCH RS Design
Regarding the demodulation RS associated with PDCCH, channel estimation performance and beam selection flexibility for scheduling need to be considered for selecting multiplexing scheme for the RS. The transmission diversity scheme should also be considered for PDCCH design. This also needs taking into account the decisions in MIMO schemes.
The orthogonal multiplexing scheme can be FDM, TDM, CDM of control channel RSs from multiple layers. It may increase RS overhead depending on the number of layers multiplexed in the same resources.  However, NR PDCCH should support some basic transmit diversity. Thus, at least 2 ports on PDCCH should be supported. On the other hand, the SDM of control channel RSs can reduce the RS overhead or increase the number of layers with a given RS overhead, while channel estimation performance may be worse due to inter-layer interference.
As 1 symbol PDCCH have to be supported. TDM of PDCCH RSs from multiple layers may not be applicable. As 2 ports for example, FDM, CDM, SDM can be seen as Figure 3.

[image: image3.emf]1 symbol

12 REs

Port0

Port1

1 symbol

12 REs

Port0,1

FDM

CDM

1 symbol

12 REs

Port0

SDM


Figure 3: PDCCH RS

For the NR PDCCH, multi-port DMRS should be supported. Multiple UEs can multiplex PDCCH resource through FDM, CDM, SDM or some hybrid multiplexing schemes. Detailed schemes can be considered in following NR PDCCH discussion. Considering diversity-based transmission is more robust, then supporting transmission diversity so as to provide certain fall back, which will need at least 2 ports DMRS.
Proposal 4: At least 2 ports DMRS should be supported for PDCCH. The transmission diversity scheme should be jointly decided with MIMO discussion.
6 Conclusion

In this contribution, some considerations on DL control channel design for NR are discussed. The structure of PDCCH is analyzed to cover beam sweeping, transmit diversity, resource mapping, etc. From to the discussion, the following proposals are given:

Proposal 0: 1-Symbol duration of NR PDCCH is mandated for UE. The PDCCH payload and DMRS should be multiplexed within the same PRB(s).
Proposal 1: NR PDCCH transmission should support time domain extension for beam sweeping. The sweeping structure can be based on repetition of first symbol(s),
Proposal 2: NR PDCCH resource configuration includes configurable and non-configurable parts. The sub-bands not configured for PDCCH should be reuse as PDSCH region.
Proposal 3: In the sub-band configured for PDCCH, unused PRBs should be considered for PDSCH transmission.
Proposal 4: At least 2 ports DMRS should be supported for PDCCH. The transmission diversity scheme should be jointly decided with MIMO discussion.
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