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1. Introduction
In RAN1#86b, considerable progress has been made on DL control signaling design, and the following agreements [1] on the basic aspects of DL control signaling have been reached: Agreements:
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

Agreements:
· 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

Agreements:
· 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.






This contribution presents our view on the further details about these basic aspects of NR DL control signaling, specifically the basic building blocks, i.e., NR-REG and NR-CCE, NR PDCCH DMRS and transmit diversity schemes listed in the above FFS are discussed. The time and frequency domain aspects of NR DL control signaling are further discussed in [2], and [3], respectively.
2. Discussion
In light of LTE control channel principle, we believe NR PDCCH shall support both common and UE specific control channels. The former schedules the data channel intended for multiple UEs in the cell, and the latter schedules the data transmitted for a particular UE. In case of common NR PDCCH intended for multiple UEs, the associated DMRS shall ensure the sufficient channel estimation performance for multiple UEs. As a result, the DMRS of common NR PDCCH shall be PDCCH-specific instead of UE specific. For UE specific NR PDCCH, it is desired that the associated DMRS of NR PDCCH can be designed/configured so as to be adapted according to the UE specific channel condition for the sake of trade-off between channel estimation performance and RS overhead. In other words, it is envisioned that the PDCCH-specific DMRS of UE specific NR PDCCH can be configured in a UE-specific manner. As a result, UE specific DMRS is a special case of PDCCH-specific DMRS.  
[bookmark: p1]Proposal 1: To accommodate both common and UE specific NR PDCCHs, PDCCH-specific DMRS can be configured as part of search space configuration parameters by high layer signalling.
For common NR PDCCH intended for multiple UEs, it is plausible to apply shared/common RS which can be well received by multiple UEs. In addition, some open loop transmit diversity approaches are needed to improve the reliability and coverage of common NR PDCCH. In LTE, space-frequency transmit diversity and per RE beam alternating (precoding cycling) are adopted for PDCCH and EPDCCH, respectively. It is plausible that similar transmit diversity approaches shall be supported by NR PDCCH as well to achieve similar control channel coverage as that of LTE in the respective deployment scenario. The transmission scheme and associated DMRS of some common NR PDCCH, e.g., scheduling system information and RAR, may need to be known to UE before the establishment of the UE RRC connection. In this case, the transmission scheme and associated DMRS need to be either defined in the specification or signalled by some essential system information. To minimize the signalling overhead of essential system information, it may be beneficial to apply defined transmit diversity scheme and associated DMRS for common NR PDCCH without the needs of explicit signalling in essential system information.   
[bookmark: p2]Proposal 2: The transmission scheme and associated DMRS for some common NR PDCCH are defined in specification and applied without the needs of explicit signalling in essential system information.
With space-frequency/time transmit diversity, the precoding of DMRS and NR PDCCH will be different. However, similar to EPDCCH, the transmit diversity with the DMRS based beam alternating (precoding cycling) applies the same precoding for DMRS and respective NR PDCCH REs. As a consequence, whether the same precoding between RS and NR PDCCH depends on the adopted transmit diversity approach. 
[bookmark: p3]Proposal 3: It is FFS whether space-frequency transmit diversity (specification based SFBC) and/or DMRS based beam alternating (precoding cycling) shall be adopted for NR PDCCH.    
The QCL definition for DMRS of NR PDCCH is important to improve the channel estimation performance of NR PDCCH. Moreover, the concept of QCL also enables the advanced transmission scheme such as CoMP for EPDCCH in LTE. We also believe that the support of multi-point transmission can potentially improve the reliability of NR PDCCH thanks to the increased transmit/beam diversity. Currently, a number of RSs are discussed in RAN1. For example, CSI-RS and SRS have been agreed for the CSI functionalities of DL and UL, respectively. And some new RS may be adopted for mobility management. At this stage, it is still under study that which of them should be enabled by QCL characteristics.  
[bookmark: p4]Proposal 4: For UE specific NR PDCCH, similar to LTE EPDCCH, NR PDCCH should support multiple-point transmission. It is FFS for the QCL of DMRS antenna ports and support of multi-point transmission for common NR PDCCH. 
To study the control resource unit size, we first need to understand/define the meaning/usage of the resource unit for NR PDCCH. So far the principle of LTE PDCCH/EPDCCH still seems to be an appealing approach for the control channel design. In details, to support link adaptation, each PDCCH/EPDCCH is comprised of one or several CCEs/ECCEs depending on adopted aggregation level. In other words, one CCE/ECCE consisting of several REGs/EREGs serves as the basic link adaptation step of PDCCH/EPDCCH. As the basic building block of CCE/ECCE, each REG/EREG is designed as a group of localized REs which are confined in a PRB (or in an OFDM symbol of the PRB) and associated with a set of APs. According to RAN1 86b agreements, NR PDCCH can contain one or more NR-CCEs. By virtue of LTE PDCCH design principle, it is desired that NR-CCE shall consist of several NR-REGs. Naturally, the control channel resource unit can be defined as the NR-REG serving as the basic building block of NR-CCE. Due to the fact that in LTE, REG contains 4 REs and EREG contains not more than 9 REs, and to have a similar LTE design, it is preferred that in frequency domain, control channel resource unit, i.e., NR-REG, can span only one PRB.
[bookmark: p5]Proposal 5: In frequency domain, one PRB is the resource allocation unit size for NR PDCCH. And the resource unit for a DL control channel is called as NR-REG.
Due to the fact that NR-CCE is the smallest control channel link adaptation unit, and it can be constructed by multiple NR-REGs, each of which spans one PRB in frequency domain. In some scenarios, e.g., similar to localized EPDCCH, it is advantageous that one NR-CCE can be transmitted in a localized manner, e.g., by using continuous PRBs. This can potentially improve the frequency selective scheduling and beamforming gain. 
[bookmark: p6]Proposal 6: A NR-CCE can be allocated in contiguous PRBs.
To reduce control channel overhead, it is envisioned that NR network can configure the same DL control region to multiple UEs. When several UEs are scheduled in the same slot, it is possible that NR-CCEs associated with different PDCCHs for different UEs may share the same or several PRBs. And if localized NR PDCCH is supported, it can be also possible that multiple NR-CCEs of one PDCCH for a particular UE are transmitted in one PRB or more PRBs.   
[bookmark: p7]Proposal 7: Multiple NR-CCEs may share one or more PRBs.
We envision that both distributed and localized PDCCH shall be supported in NR to accommodate different UE KPI requirements and channel conditions. For latency critical services, it is beneficial that NR PDCCH and its associated NR-CCE shall be transmitted in as small number of OFDM symbols as possible. In this case, it is advantageous that the NR-CCE can be mapped on frequency domain only. Moreover, this would be the case when only one OFDM symbol is configured in DL control region. In other situations, for those latency less critical services, such as eMBB, the localized NR PDCCH may be preferred to improve control channel spectrum efficiency by virtue of frequency selective scheduling and beamforming. For the localized NR PDCCH, it is desired to encapsulate NR-CCE into as small number of PRBs as possible. As a result, this would require to map NR-CCE in both frequency and time domain.  
[bookmark: p9][bookmark: p8]Proposal 8:  In some scenarios, NR-CCE can be mapped on frequency domain only. And in other scenarios, NR-CCE can be mapped on both frequency and time-domain.

3. Conclusions
Our proposals in this contribution are summarized as follows.
Proposal 1: To accommodate both common and UE specific NR PDCCHs, PDCCH-specific DMRS can be configured as part of search space configuration parameters by high layer signalling.
Proposal 2: The transmission scheme and associated DMRS for some common NR PDCCH are defined in specification and applied without the needs of explicit signalling in essential system information.
Proposal 3: It is FFS whether space-frequency transmit diversity (specification based SFBC) and/or DMRS based beam alternating (precoding cycling) shall be adopted for NR PDCCH. 
Proposal 4: For UE specific NR PDCCH, similar to LTE EPDCCH, NR PDCCH should support multiple-point transmission. It is FFS for the QCL of DMRS antenna ports and support of multi-point transmission for common NR PDCCH. 
Proposal 5: In frequency domain, one PRB is the resource allocation unit size for NR PDCCH. And the resource unit for a DL control channel is called as NR-REG.
Proposal 6: A NR-CCE can be allocated in contiguous PRBs.
Proposal 7: Multiple NR-CCEs may share one or more PRBs.
Proposal 8:  In some scenarios, NR-CCE can be mapped on frequency domain only. And in other scenarios, NR-CCE can be mapped on both frequency and time-domain.
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