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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #86bis, the agreements related to the DL DM-RS design [1] were achieved as follows:
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 RAN1 #87, the agreements related to the DL DM-RS design [2] were achieved as follows:
· 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
In this contribution, we discuss RS design for DL control channel. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Demodulation RS design for DL control channel
In this section, we will discuss the different DM-RS mapping and transmission options for single-stage and two-stage DCI design.
DM-RS for single-stage DCI design
To enable beamforming transmission, DM-RS is contained within the time and frequency resource for single-stage DCI. It is agreed that one control channel can be mapped to multiple OFDM symbols or to a single OFDM symbol. In Fig. 1, we show the different distributions of 1-port DM-RS in one PRB in the control resource set, which spans 1 or 2 OFDM symbols. When the control resource set is limited to one OFDM symbol as Fig. 1 (a), the DM-RS is contained in the time and frequency resource unit for the control channel and therefore the decoding performance is acceptable. When the control resource set spans multiple OFDM symbols, e.g., 2 OFDM symbols in Fig. 1 (b) and (c), DM-RS can be placed in the first symbol such that the channel estimation can be executed after the first symbol arriving at the UE. UE can receive the control channel at the second symbol by detecting the DM-RS in the first symbol (Fig. 1 (b)) or in the second symbol (Fig. 1 (c)). Obviously, the receive performance of control channel on the second symbol in Fig. 1 (c) can be better than that in Fig. 1 (b) at the cost of overhead.



                                                                   
(a)	                                          (b)                                             (c)
[bookmark: _Ref469579710][bookmark: _Ref469406690]Fig. 1. 1-port self-contained DM-RS in the first-step control channel
Multi-port DM-RS for DL control channel can be considered in NR to support multi-port transmission. In Fig. 2, we show the different distributions of 2-port DM-RS in one PRB in the control resource set. Note that we use the FDM method as an example in Fig. 2. To multiplex multi-port DM-RS, besides FDM, the methods of TDM and CDM can be also considered. In particular, for the FDM and CDM methods, different DM-RS ports can be mapped on orthogonal/sharing resource elements on the same OFDM symbol. The FDM and CDM methods are feasible when only one OFDM symbol is allocated for control channel transmission, while the TDM method is suitable for the case where multiple OFDM symbols are allocated for control channel transmission.



         
(a)                                            (b)                                            (c)
[bookmark: _Ref465936512]Fig. 2. 2-port self-contained DM-RS in the first-step control channel
Proposal 1: UE/PDCCH-specific DMRS is contained within the time and frequency resource unit for the corresponding control channel. The different options for the mapping of DM-RS offer different advantages and should be considered. 
In the above self-contained control channel transmission, by taking advantage of beamforming according to the DL channel between the TRP and the particular UE, the more accurate estimate on control channel can be obtained and therefore help to improve the reception performance of control channel. 
Furthermore, different DM-RS patterns can be configured for the dedicated UE. The control channel can be dynamically decoded based on the blind detection of different DM-RS patterns for potential reduction of RS overhead or implicit indication of the service types, etc. 
Besides the beamforming gain, the control channel reception performance can be further improved by the diversity tools such as SFBC and CDD even under one antenna port.
Proposal 2: The diversity methods of control channels can be further studied for NR.
In RAN1 #87, it is agreed that the reference signals in at least one search space do not depend on the RNTI or UE-identity [2]. For this shared design, the RS and the associated control channel can be shared for multiple UEs, but each UE can detect the RS and the associated control channel with the same precoding assumption. Note that the sharing operation can be transparent to the UE. In this case, the shared RS can also be contained within the time and frequency resource for the common control channel. The above different options for the mapping of UE/PDCCH-specific DM-RS can be reused for the shared/common RS design.
Proposal 3: Shared RS which is contained within the time and frequency resource region for the associated channel channels can be supported. The UEs can assume the same precoding operation between RS and the associated channels.
 
DM-RS for two-stage DCI design
To reduce the network energy consumption and inter-cell interference, it has been agreed in RAN1 #84 meeting that the transmission of always-on signals should be minimized. The two-stage control channel design for the on-demand transmission is provided in our companion contribution [3].
For the first-step of two-stage control channel, the above UE/PDCCH-specific and shared/common RS designs for single-stage DCI can be fully reused. As discussed in [3], the second-step of two-stage control channel is UE-specific and can be embedded in the data region in DL-dominant slot or DL slot. The UE/PDCCH-specific DM-RS discussed in single-stage DCI design can also be reused to the DM-RS in the second-step of two-stage control channel. Furthermore, it is possible to transmit the data and the control channel using the same beam, and the second-step of two-stage control channel and the associated data can share the UE-specific DMRS which is located between the first-step of two-stage control channel and the time interval to which the second-step of two-stage control channel and/or the data is physically mapped to reduce the latency. The data can be received in the pipeline with detection of the second-step of two-stage control channel located in the data region. In general, the self-contained DM-RS in the second-step of two-stage control channel can be reused for the data decoding for reduction of DMRS overhead.
Proposal 4: UE-specific DM-RS for the second-step of two-stage control channel can be shared with the associated data channel, the detail is FFS. 
Proposal 5:UE/PDCCH-specific DM-RS is contained within the time and frequency resource unit for the corresponding control channel regardless of the first-level and the second-level of two-stage control channel.

[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses some considerations on RS design for control channel reception. In summary, the following proposals are made as follows:
Proposal 1: UE/PDCCH-specific DMRS is contained within the time and frequency resource unit for the corresponding control channel. The different options for the mapping of DM-RS offer different advantages and should be considered. 
Proposal 2: The diversity methods of control channels can be further studied for NR.
Proposal 3: Shared RS which is contained within the time and frequency resource region for the associated channel channels can be supported. The UEs can assume the same precoding operation between RS and the associated channels.
Proposal 4: UE-specific DM-RS for the second-step of two-stage control channel can be shared with the associated data channel, the detail is FFS. 
Proposal 5: UE/PDCCH-specific DM-RS is contained within the time and frequency resource unit for the corresponding control channel regardless of the first-level and the second-level of two-stage control channel.
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