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Background
In RAN1 #86bis, the following agreement was made for NR [1]. 

	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




Moreover, in RAN1 #87, the following agreements were made for NR [2].

	Agreements:
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

Agreements:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain
· FFS if resource reuse can be done in time domain as well
· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data
· FFS: time/frequency granularity of the resource reuse
· FFS: signaling needed, if any

Agreements:
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)




In this contribution, we present our views on resource unit aggregation and control resource set duration for DL control channel for NR. 
Support of beamforming
According to the agreements at RAN1#86bis meeting, NR should support UE/PDCCH-specific DM-RS for PDCCH reception. One potential benefit of UE/PDCCH-specific DM-RS is that gNB can select a preferred beam for each UE/PDCCH. For above 6 GHz, beam selection is necessary to provide secure connection. Thus, multiple UEs with different beams should be multiplexed. However, FDM operation of multiple UEs with different beams is difficult for some cases. Thus, for above 6 GHz, TDM operation of multiple UEs with different beams should be exploited (e.g. one control channel candidate is mapped to a single OFDM symbol). For below 6 GHz, multiplexing operation can be TDM or FDM. Thus, at least TDM operation of multiple UEs with different beams, that is effective both for above 6 GHz and below 6 GHz, is a typical use case for UE/PDCCH-specific DM-RS for PDCCH reception.
Observation: At least TDM operation of multiple UEs with different beams is a typical use case for UE/PDCCH-specific DM-RS for PDCCH reception.
Control channel to resource unit mapping
According to the agreement from RAN1#87, one PRB is the resource unit size (may or may not including DM-RS) for control channel in frequency domain. One control channel should be mapped to multiple resource units as shown in Figure 1. A possible way is that a control channel is mapped to multiple resource units which are located in a single OFDM symbol. Alternatively, a control channel is mapped to multiple resource units which are located in multiple OFDM symbols.
[image: ]
Figure 1: Control channel mapped to multiple resource units.
[bookmark: _GoBack]The network determines how many resource units are used for a PDCCH transmission taking into account the target UE’s geometry, channel condition and/or DCI payload size. Therefore, the network should also be able to select mapping schemes with per-UE basis. 
Proposal 1: Whether a control channel candidate is mapped to multiple OFDM symbols or to a single OFDM symbol can be configured per UE.
Two options can be considered on how UE performs control channel blind decoding attempts.
· Option 1: Semi-statically configured, i.e. a UE is configured with either one of mappings (a) and (b).
· Option 2: Dynamically selected, i.e. a UE attempts to decode both control channel candidates of mappings (a) and (b).
[bookmark: _Hlk470023462]Both options work though each has its pros and cons. Given that the maximum number of blind decoding attempts is the same, Option 1 may provide more candidates per mapping compared with Option 2, since Option 2 requires blind decoding attempts to be divided into two candidate sets. On the other hand, Option 1 may be more restrictive in terms of PDCCH multiplexing (that is potential PDCCH region sharing) among UEs.
Duration of Control resource set
The number of actually transmitted PDCCHs depends on a lot of factors such as a traffic load, channel states, scheduling, service requirements, etc. Therefore, the number of OFDM symbols which are actually used for PDCCH transmission should be able to change dynamically. On the other hand, how many OFDM symbols that a UE has to monitor may be another story. It may also change dynamically. Alternatively, it may be configured semi-statically.
· Option A: The number of OFDM symbols on which the UE has to monitor for PDCCH is semi-statically configured.
· Option B: The number of OFDM symbols on which UE has to monitor for PDCCH is dynamically indicated (e.g. via PCFICH-like indication).
If some UE are configured with mapping (a) in Figure 1, PDCCHs for multiple UEs can be mapped as shown in Figure 2. Moreover, when the network needs more PDCCH resources, OFDM symbol #2 can be used for UE2 or UE3. Hence, even with Option B, the network can dynamically control the number of OFDM symbols which are actually used for PDCCH transmission, and the rest of the region can be used for data transmissions.
[image: ]
Figure 2 PDCCHs for multiple UEs.
Proposal 2: The number of OFDM symbols on which UE has to monitor PDCCH is semi-statically configured.
Conclusion
In this contribution, we have the following observation:
Observation: At least TDM operation of multiple UEs with different beams is a typical use case for UE/PDCCH-specific DM-RS for PDCCH reception.
In this contribution, we have the following proposals:
Proposal 1: Whether a control channel candidate is mapped to multiple OFDM symbols or to a single OFDM symbol can be configured per UE.
Proposal 2: The number of OFDM symbols on which UE has to monitor PDCCH is semi-statically configured.
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