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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



In this contribution, we present our views on reference signals for DL Control Channel. 
UE/PDCCH-specific DM-RS for PDCCH reception 
According to the agreement at RAN1#86bis meeting, NR should support UE/PDCCH-specific DM-RS for PDCCH reception, and whether DM-RS is PDCCH-specific and/or UE-specific was for further study. Given that UE detects one PDCCH at a given timing and assumes UE/PDCCH-specific DM-RS is transmitted on the same antenna port as the one for the PDCCH transmission, the only difference between PDCCH-specific and UE-specific is whether the PDCCH is shared with another UE. From the network point of view, the NR PDCCH should support broadcast and/or multicast information (e.g. paging indication, LAA common control signaling, etc) so as to avoid duplications of exactly the same control signaling intended for multiple UEs. However, from the UE perspective, the UEs do not have to know whether a given PDCCH is shared with another UE. These should be a baseline assumption on UE/PDCCH-specific DM-RS design for PDCCH reception.
Proposal 1: NR PDCCH with UE/PDCCH-specific DM-RS should support broadcast and/or multicast information, though the sharing is transparent to UEs.
On the other hand, if the UE can detect more than one PDCCH at a given timing, UE may be able to use a single UE-specific DM-RS for the receptions of those PDCCHs. This may achieve RS overhead reduction compared to the case where PDCCH-specific DM-RS is inserted with respect to each PDCCH.
Observation 1: UE-specific DM-RS may reduce RS overhead compared to PDCCH-specific DM-RS if UE can use a single UE-specific DM-RS for the receptions of multiple PDCCHs.
Shared/Common RS for PDCCH reception 
It has been agreed that NR should support both UE/PDCCH-specific DM-RS and Shared/Common RS for PDCCH reception. The benefit to support shared/common RS on top of UE/PDCCH-specific DM-RS is to reduce the overhead due to RS. From this perspective, a typical use case of the shared/common RS is that a single serving cell has a number of active UEs.
Observation 2: The benefit to support shared/common RS for PDCCH reception on top of UE/PDCCH-specific DM-RS is overhead reduction.
As for precoding operations, if a UE assumes the same precoding operation between the RS and its corresponding PDCCH, a gNB has to transmit is as many RSs as PDCCHs. This causes exactly the same overhead as from the UE/PDCCH-specific DM-RS. Therefore, the same precoding operation should not be applied between the RS and its corresponding PDCCH. In other words, PDCCH precoding operation should apply to multiple antenna ports each of which corresponds to different Shared/Common RS.
Proposal 2: For Shared/Common RS for PDCCH reception, PDCCH precoding operation should apply to multiple antenna ports each of which corresponds to different Shared/Common RS.
[bookmark: _GoBack]Regarding the transparency, UE may know the RS used by that UE is potentially used by another UE. However, the UE does not have to know whether a given RS is actually shared with another UE. On the other hand, within a resource unit or bundled resource units, it is preferable to have reusability of channel estimation across multiple blind decoding attempts. In this sense, the UE may assume a single RS can be available for more than one PDCCH receptions.
Proposal 3: For Shared/Common RS for PDCCH reception, the sharing should be transparent to UEs.
Conclusion
In this contribution, we have the following observations:
Observation 1: UE-specific DM-RS may reduce RS overhead compared to PDCCH-specific DM-RS if UE can use a single UE-specific DM-RS for the receptions of multiple PDCCHs. 
Observation 2: The benefit to support shared/common RS for PDCCH reception on top of UE/PDCCH-specific DM-RS is overhead reduction. 
In this contribution, we have following proposals:
Proposal 1: NR PDCCH with UE/PDCCH-specific DM-RS should support broadcast and/or multicast information, though the sharing is transparent to UEs. 
Proposal 2: For Shared/Common RS for PDCCH reception, PDCCH precoding operation should apply to multiple antenna ports each of which corresponds to different Shared/Common RS. 
Proposal 3: For Shared/Common RS for PDCCH reception, the sharing should be transparent to UEs. 
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