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1. Introduction

In RAN1#86-bis meeting, NR DL control channel designs were kicked off. With the efforts from delegates, it progressed well and a number of conclusions were reached. Among them are the followings
Agreement:
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 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.

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
These conclusions described in brief the control regions for DL control channel (both frequency and time)  that UE needs to monitor. It also touched the point how the control channel may consist of (e.g., NR-CCE). Numerology of control channel was also discussed a bit.  Further discussion on control channel structure and design were launched in an email discussion after the meeting. In this contributions, some aspects related to those discussions are presented and our preliminary observations and views are provided. 

2. NR DL control channel design considerations
An email discussion was launched after RAN1 #86-bis meeting to further discuss various aspects on  DL control channel designs. 

2.1. Control subband
In RAN1 #86-bis meting, it was agreed that UE needs to monitor a subband of frequency resources for its control channel. The main motivation is that the carrier bandwidth in NR could be very wide as compared with LTE, thus it may cost too much for UE to monitor the whole bandwidth for the control channels.  Some remaining questions as follow-up are 
· Can one control channel span more than one subband?
We feel for UE-specific control channel, it could be confined on one subband, while for some common control channel, it could be transmitted on multiple subbands so that all UE could monitor them. For exmaple, if beamforming technique is used, each beam could be allocated a control subband for UE under the coverage of this beam to monitor UE-specific control channel, while for common control channel, it could be transmitted on mutiple control subbands under different beams so that all the UE in the cell could monitor them. 
· How does the UE know where to find its control subband?
The subband that UE needs to monitor for its control channel could be signaled by system information or higher layer signaling. For example UE could monitor a common region first to get the SIB information, which could point to more specific control subband. In another scenario, the UE could access to a lower frequency band first to receive higher layer signaling to indicate association between control subbands and beams for a higher frequency band. 
Proposal: 

· UE-specific control channel may span one control subband, while common control channel could span multiple control subbands

· UE may know its control subband through system information or higher layer signaling
2.2. Control channel structure
The control subband as specified could be shared by a group of UEs. Such group of UEs could be the UEs under the coverage of a particular beam, or the UEs in one cell operating on the same chunk of a carrier band. In that sense, the PDCCH of different UEs still need to be multiplexed on one control subband.  Similar as in LTE, one PDCCH channel could be divided into a set of control channel elements (NR-CCEs), and a NR-CCE could then be mapped to a time-frequency resource on the control subband. As there could be many scenarios that NR needs to support and many techniques that NR could explore, it may be good to study/support a number of different ways of NR-CCE multiplexing. For example, NR-CCEs of a control channel could be distributed and mapped to different PRBs and OFDM symbols within the control subband, thus to maximize the time/frequency diversity gains. Alternatively, one or multiple NR-CCE of the same control channel could occupy one or multiples PRBs (and the OFDMs symbols designated for control signal within that PRB), thus make the multiplexing with NR-CCEs of other UEs relatively simple. To facilitate the beamforming operation on control channel, NR-CCEs of an UE could also be mapped to one particular OFDM symbols across the control subband. 
In LTE, the CCE size is 9 resource element group (REGs), which has 36 resource element (Res). In NR, the size of a NR-CCE is not decided yet. As the control region as introduced for NR consists of a number of PRBs in frequency (control subband) and a number of OFDM symbols in time,  its dimension in time/frequency could vary depending on the configurations. That may impact the shape/dimension of an NR-CCE and could also influence how to multiplex NR-CCEs from different UEs. In light of that, we could further study on how to multiplex NR-CCEs, for example, in one PRB
Proposal: 

· A control channel in NR consists of one or more NR-CCE. Different ways of NR-CCE multiplexing could be FFS 

· Further discuss the size and dimension of NR-CCE and how NR-CCEs from different UEs could be multiplexed in one PRB
2.3. Reference signals
From the conclusions of last meeting, it seems two types of RS could be supported for control channel, one is the UE-specific/PDCCH-specific DMRS, the other is shared/common RS. UE-specific DMRS could be used for UE-specific control channel demodulation, especially when precoding/beamforming is applied.  As NR-CCEs of different control channels may have different ways of multiplexing with each other, one way is to support embedded DMRS within a NR-CCE (or maybe even smaller unit similar as REGs in LTE). By doing that, the DMRS could attach to a control channel element and can be placed in more flexible locations in the time–frequency region as compared with some fixed locations. The same precoding could be applied to such DMRS as the control channel elements that it is embedded in. In this case,  the DMRS is tied to the control channel it is associated (embedded). The weakness of this approach is such DMRS may not be placed in a more uniformed way in the time-frequency region which could make it more difficult for interpolation in channel estimation. The other alternative is to place DMRS in fixed locations in each PRB, similar as in E-PDCCH design in LTE.  The locations of those DMRS shall be informed to the UE and UE could use them for control channel demodulation.  The issue with this approach is that for this case, the DMRS could be shared by all the control channels transmitted in the same PRB, and therefore the same precoding shall be applied to the DMRS as well as to all the control channels transmitted in that PRB(s). That could limit the flexibility in applying different precoding/beamforming operation to different control channels as compared with the first approach. For this approach, depending on searching space design, the UE could use corresponding DMRS associated with the PRB that its control channel is transmitted. 
The shared/common RS could be used for some long term measurement and could be used for  common channel demodulation.  It will be shared by a group of UEs. For example,  if the same analog beamforming is applied to all the UE covered by the same beam, they could share the same set of RS with the same precoding. Such shared RS could also be used for channel estimation for transmit diversity. From that perspective,  UE may not need to know whether such RS is shared or not.  
Proposal: 

· Depending on the DMRS design, it could be tied to a particular control channel, or it could be tied with a PRB. 
· Shared/common RS could be used for beaming forming/TxD, UE may not need to know whether such RS is shared or not. 
2.4. Blinding decoding

In LTE, blind decoding (BD) for PDCCH is used very often in searching and decoding of PDCCH. It includes the searching for different PDCCH candidates at different CCE aggregation level, and decoding different DCI formats with different lengths to achieve dynamic switching between different transmit methods (e.g., between SM and TxD).  It consumes lots of UE power as such operations needs to be repeated for each subframe (SF). In NR, with more features that needs to be supported and more dynamic switching among a number of transmit methods as desired, such PDCCH design philosophy in LTE needs to be re-visited and improved. One approach is to split different DCI formats into common part DCI and specific part DCI and use two-step DCI transmit method to reduce the number of BD. The common part DCI could contain some scheduling configurations independent of different transmit methods such as resource allocations, HARQ process number, MCS etc, and can be transmitted in step 1 DCI,  leaving rest scheduling configurations more specific to each transmit method such as precoding information transmitted in step 2 DCI. Alternatively, a small header could be used in step 1 DCI to contain some basic control information and a pointer to indicate the step 2 DCI which contains the rest of the control information. 
Proposal: 

· Explore different approaches to reduce BD including two-step DCI.
2.5. Control channel duration

It was agreed at RAN1 #86-bis meeting that one or a few OFDM symbols at the beginning of the slot in the control subband region could be used to transmit PDCCH. The remaining question that needs to be further specified is whether one control channel could be mapped to one OFDM symbol or multiple OFDM symbols.  Our view is that both options could be useful, for example, if a control channel could be transmitted with beamforming, maybe it is better to map it to one OFDM symbol. But for scenario that beamforming operation is not applicable, for example, in single beam case, it may be good to split the control channel into smaller NR-CCE and spread them over different OFDM symbols to explore diversity gain. 
The indication of number of OFDM symbols used as control region also needs to be specified, whether it is semi-static configured or dynamically signaled. There are pros and cons for each approach: the first one saves the dynamic common control signal (similar as PCFICH in LTE) in each slot that could be used to indicate the number of OFDM symbols , but is not able to dynamically change the number of OFDM symbols used for control channel in each slot, and thus may lead to waste of resources. The second approach requires the transmission of a common control channel in each slot to inform the number of OFDM symbols available for control channel in that slot.  At this stage, we slightly prefer to the second approach which is similar as in LTE because we believe such approach has better efficiency in resource utilization not only for PDCCH but also for PDSCH (as it can be used to infer unused part of PRB after PDCCH, which could be used for PDSCH). 
Proposal: 

· A control channel span one or multiple OFDM symbols could both be supported. 
· Prefer to support dynamic signaling of  OFDM symbols used for control channel in each slot
2.6. Broadcast control channels
It is under discussion whether a new broadcast control channel shall be used in NR control channel design to broadcast some essential information. We feel It is worthy to support such channel, which can not only be used to carry some legacy information such as CFI for each slot, but also new information about channel structure such as DL/UL partition etc.  The detail design of such channel could be further studied. In a beamformed system, if all UE enjoy the beamforming benefit, such control channel shall also benefit from beamforming gain. 
Proposal: 

· Consider to adopt a broadcast control channel which could be used to signal not only CFI but also some information about channel structure. It is transmitted by beamforming in a beamformed system
In general, we feel the NR control channel design shall maintain similar performance under 6 GHz, but yet be able to satisfy new requirements and explore new features and benefits such as beamforming, quick DL/UL switching, low latency etc

3. Conclusions
In this contribution, a number of design considerations for NR DL control channel are discussed and our views are provided. 
Proposal:
· UE-specific control channel may span one control subband, while common control channel could span multiple control subbands

· UE may know its control subband through system information or higher layer signaling

· A control channel in NR consists of one or more NR-CCE. Different ways of NR-CCE multiplexing could be FFS 

· Further discuss the size and dimension of NR-CCE and how NR-CCEs from different UEs could be multiplexed in one PRB
· Depending on the DMRS design, it could be tied to a particular control channel, or it could be tied with a PRB. 

· Shared/common RS could be used for beaming forming/TxD, UE may not need to know whether such RS is shared or not. 

· Explore different approaches to reduce BD including two-step DCI.
· A control channel span one or multiple OFDM symbols could both be supported. 
· Prefer to support dynamic signaling of  OFDM symbols used for control channel in each slot
· Consider to adopt a broadcast control channel which could be used to signal not only CFI but also some information about channel structure. It is transmitted by beamforming in a beamformed syste
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