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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 this contribution, we discuss RS design for DL control channel. 

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
UE/PDCCH-specific DM-RS for PDCCH reception
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 hierarchical control channel design for the on-demand transmission is provided in our companion contribution [2].
· UE/PDCCH-specific DM-RS for the first level control channel
To enable UE-specific beamforming, UE/PDCCH-specific DM-RS for the dedicated UE is contained within the time and frequency resource for the first level control channel. In Fig. 1, we show the different distributions of 1-port DM-RS in the first level control channel. When the control channel for the dedicated UE occupy multiple adjacent 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. 


Fig. 1. 1-port self-contained DM-RS in the first level control channel
In Fig. 2, we show the different distributions of 2-port DM-RS in the first level control channel. 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.


[bookmark: _Ref465936512]Fig. 2. 2-port self-contained DM-RS in the first level control channel
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. The above beamforming gain is essential to the system operated in the high frequency bands, where the signal suffers the severe path loss. 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 transmit diversity can be used to improve the reliability of control channel reception further, the diversity methods can be further studied.  
Proposal 1: The diversity methods of control channels can be further studied for NR.

· UE/PDCCH-specific DM-RS for the second level control channel
As discussed in [2], the second level control channel can be embedded in the data region in DL-dominant slot or DL slot. In this case, it is possible to transmit the data and the control channel using the same beam, and the second-level control channel and the associated data can share the UE-specific DMRS which is located between the first-level control channel and the time interval to which  the second-level 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-level control channel located in the data region. In general, the self-contained DM-RS in the second level control channel can be reused for the data decoding for reduction of DMRS overhead.
Proposal 2:  UE-specific DMRS for the second level control channel can be shared with the associated data channel, the detail is FFS. 
Proposal 3: UE/PDCCH-specific DMRS is contained within the time and frequency resource unit for the corresponding control channel regardless of the first-level control channel and the second-level control channel.

Shared/common RS for control channel reception 
Besides the control channel for the unicast scheduling, the control channel also conveying multi-cast and common signaling for various system messages, such as SIB, paging, RAR and so on, those need to be received by multiple UEs. In this case, the shared/common RS can be considered especially for beam-based control channel transmission. 
Option 1: Shared DMRS operation
At least for the transmissions of common control channel or multi-cast control channel, the DM-RS and the associated control channel is transmitted and shared for multiple UEs, but each UE can detect the DMRS and the associated control channel with the same precoding assumption. The sharing operation can be transparent to the UE. In this case, the shared DM-RS can also be contained within the time and frequency resource for the common control channel. 


Proposal 4: 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.
· Shared RS is used at least for multi-cast/common control channels.

Option 2: Common RS operation (e.g. CRS-like)
For common RS operation, we can call it as CRS-like operation with some differences from LTE (e.g. not transmitted always-on, not span in the full bandwidth). For CRS-like operation, the common RS is transmitted on a fixed set of common resource elements potentially with the wider beam compared to UE-specific DMRS, so that a group UEs can receive control channels by using the common DM-RS. The key concerns on CRS-like sharing operation include the scheduling limitation and the reliability of the control channel. To target a group of UEs, the common RS should be transmitted by the coarse beam, by which the available beamforming gain is limited. This issue becomes more serious in the high frequency system due to the severe path loss. In addition, there are also other concerns on RS overhead and interference, the impact of data transmission and rate matching if only part of resource is occupied by control channel, and so on. Furthermore, the use cases and benefits need more study. All these aspects mentioned above should be taken into account.  
Proposal 5: The common RS for control channel reception needs further study.

[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: The diversity methods of control channels can be further studied for NR.
Proposal 2: UE-specific DMRS for the second level control channel can be shared with the associated data channel, the detail is FFS. 
Proposal 3: UE/PDCCH-specific DMRS is contained within the time and frequency resource unit for the corresponding control channel regardless of the first-level control channel and the second-level control channel.
Proposal 4: 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.
· Shared RS is used at least for multi-cast/common control channels.

Proposal 5: The common RS for control channel reception needs further study.
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