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Introduction
In this document the outcome of the offline discussion on control channels is summarized, based on the questions in R1-1610710.
Discussion
Beamforming of control channels
· Can we agree that there is a need for UE-specific beamforming of control channels?
· What is the impact on broadcast-like control channels such as the PCFICH in LTE?
· What is the impact on the RS structure? Should each PDCCH have its own DM-RS? Should it be possible to share DM-RS across UEs?
· Should transmit diversity be supported when beamforming is not used? Spec-transparent Tx diversity or explicitly capture in the specifications?

NR should support
· UE/PDCCH-specific DM-RS for PDCCH reception. Same precoding operation for PDCCH and DM-RS, i.e. transparent to the UE
· Non-UE/PDCCH-specific DM-RS for PDCCH reception
Tx diversity supported. Which scheme/how FFS.

Frequency dimension
Control channels cannot span the full system bandwidth in all cases (unlike LTE) as the bandwidth supported by a UE may be less than the bandwidth of the carrier transmitted from the gNodeB.
· Should we introduce some form of “subband” or “frequency-domain control region”?
· What would be the size of such a control region?
· How does the UE know where it is located?

A “control subband” can be smaller than or equal to the carrier bandwidth (up to a certain limit). 
A UE may monitor one or more “control subbands”. 
A “control subband” may have non-contiguous RBs/PRBs in the frequency domain.
A “control subband” consists of an integer number of RBs/PRBs in the frequency domain.

Time dimension
· Are downlink control signaling located at the first OFDM symbol(s) of a slot (or mini-slot)?
· What is the size of the control region in time? One or multiple OFDM symbols? Can the control region size vary dynamically in time?
· Is one PDCCH limited to one OFDM symbol or can a single PDCCH span multiple OFDM symbols?
· Is FDM between data and control supported or do we adopt a TDM-only approach?
· Do we have single-stage (like LTE) or multi-stage PDCCH (first DCI points to the remaining DCI)?

A PDCCH can be located at the first OFDM symbol(s) in a slot and/or mini-slot.
Baseline: data and control have separate RS. FFS if data and control can share the same RS.
FDM between control and data is possible, i.e. data may use unused resource elements/(P)RBs in the OFDM symbol(s) used for control. 
FFS: Data cannot start earlier than the last OFDM symbol of the PDCCH.


DCI timing
· What timing relations in terms of scheduling are supported?
· Same-slot (DCI and DL data in same slot) 
· Cross-slot (DCI and DL data in different slots)?
· Same-slot (DCI and UL data in same slot)?
· Cross-slot (DCI and UL data in different slots)?

Possibility for same-slot and cross-slot scheduling for both DL and UL.


Blind decoding and DCI formats
· Should we try to clean up the LTE DCI format structure, e.g. by limit the number of DCI sizes?



Other
· Any other high-level aspects you would like to add?



