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In the previous meetings some progress has been made on the DM-RS design for DL L1/L2 control channels. Some relevant agreements are listed below including some open issues.
At RAN1#86bis, it was agreed that [1]
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

At RAN1#87, it was agreed that [2]
Agreements:
· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity
· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly

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

In this contribution we discuss some of the open issues related to DM-RS in the above agreement.
Discussion
In the following we focus the discussion on some aspects that are crucial to achieve progress on the DM-RS design for DL control channel design.

‘Hierarchical’ structure for Channel estimation:
Firstly, we are in favor of adopting a ‘hierarchical’ structure where the channel estimate obtained for one RE is reusable across multiple blind decoding operations involving that RE. As we discussed in our companion contribution [3], to blindly detect the aggregation level, which includes obtaining a channel estimate using the DM-RS associated with a particular control channel candidate, it is preferable if there is some form of hierarchical structure of the control channels. This way, the channel estimate for aggregation level n+1 can be obtained from the channel estimated for the two underlying control channel candidates for aggregation level n, thereby possibly simplifying the UE implementation. 
Proposal:
· For one UE, the channel estimate obtained for one RE is reusable across multiple blind decoding operations involving that RE.

UE specific DM-RS:
Enabling ‘hierarchical’ structure for DL control channel estimation implies that DM-RS for the different PDCCH candidates cannot be PDCCH specific since in that case channel estimate could not be reused. Hence, the DM-RS sequence should be the same for all PDCCH candidates for which blind decoding is performed by a UE. 
Moreover, beamforming of the downlink control channels is an important feature for NR. To suppress interference between different beams intended for different UEs, different reference signal sequences are needed for the different beams. Furthermore, to allow for mobility between transmission points being transparent (invisible) to the UE, it is beneficial if the reference signal sequence does not depend on the specific transmission point from which it is transmitted. At the same time, it is beneficial for the DM-RS used for a given UE to be known to another UE in order to make it simpler for features such as advanced interference cancellation. A potential solution is to use a base sequence that depends on a virtual cell ID. Then from this base sequence a few sequences can be derived for DM-RS generation which can be distributed across UEs. In this manner, the DM-RS sequences preserve some UE specific components. 
Proposal:
· Reference signals for downlink control signaling intended for a single UE should 
· depend on a configured identity
· not depend on the identity of the transmission point from which the transmission occurs.

Common/Shared DM-RS:
In addition, when control signaling is transmitted to a UE for which it does not yet have an identity or has been configured with a reference signal identity, clearly the reference signal sequence cannot depend on the UE identity or a configured identity in these cases. Instead, it can be linked to some a priori known quantity, e.g. a cell identity or derived from the synchronization signal. Typically, this quantity is common to multiple UEs, implying that there might be some limitations on which UEs that can be addressed in different beams, but this is a minor issue as non-UE-specific transmissions are typically used as part of the initial access of a UE or when addressing a set of UEs. Other than the reference signal sequence being not dependent on the UE specific identity, the potential sharing of this reference signal by multiple UEs is transparent to the UE. For example, the same precoding is used for the reference signal and the control channels. 
Proposal:
· For Shared/Common RS for PDCCH reception
· This sharing will be transparent to UE
·  UE may assume the same precoding operation between RS and PDCCH

DL data in control resource set:
There is a considerable benefit to reuse the control resource set in time domain in addition to the frequency for DL data transmission when feasible. For example, in the case of the PDCCH being mapped into one of the OFDM symbols of a two symbols control resource set, it would be waste of resources if only one symbol can be reused for DL data transmission. 
Moreover, it is not clear why there should be dependency between the DM-RS location for data and usage of the control resource set resources for DL data. In our view, the location of DM-RS for DL data should not be changed dynamically as consequence of reusing resources in control resource set for DL data. 
Proposal:
· NR supports dynamic reuse of resources in the control resource sets for data for the same or different UE both in time and frequency domains.
· DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

Conclusions
The following proposals are made for progress on the DM-RS design for DL control channel:
Proposals:
· For one UE, the channel estimate obtained for one RE is reusable across multiple blind decoding operations involving that RE.
· Reference signals for downlink control signaling intended for a single UE should 
· depend a configured identity
· not depend on the identity of the transmission point from which the transmission occurs.
· For Shared/Common RS for PDCCH reception
· This sharing will be transparent to UE
·  UE may assume the same precoding operation between RS and PDCCH

· NR supports dynamic reuse of resources in the control resource sets for data for the same or different UE both in time and frequency domains.
· DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data
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