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At RAN1#87 meeting [1], it was agreed that:
· Study design of demodulation RS for broadcast channel, control channel and data channel
· Separate vs. joint design
1. 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.
0. FFS: DM-RS is PDCCH-specific and/or UE-specific
1. Shared/Common RS for PDCCH reception
1. Whether this sharing will be transparent to UE is FFS
1. FFS: Whether UE may assume the same precoding operation between RS and PDCCH
1. FFS: QCL between antenna ports for PDCCH demodulation
1. Tx diversity supported. Which scheme/how FFS

1. NR should support at least the following.
0. In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel
0. This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
0. FFS: whether a PRB or a multiple PRBs is the resource unit size
1. FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous 
1. NR should support at least the following
1. A DL control channel can be mapped on one or more NR-CCEs
0. This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
0. A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
1. FFS: whether a NR-CCE contains contiguous PRBs
1. FFS: whether multiple NR-CCEs may share one or more PRBs

In this contribution, we provide our views on the DL DMRS control channel design.

Demodulation RS for Control Channel
Use Cases 
It is expected that there would be two independent functionalities for DL control. One is for bearing DCI for a specific UE in support of unicast transmission, potentially including UL resource allocation, configuration of CSI measurement/reporting, UL power control, UL SRS request, and so on. The other one is for bearing DCI for multiple UEs (a group or all) in support of non-unicast transmission, potentially including DL resource assignment, system information change notification, paging, PRACH response and so on. 
For unicast/non-unicast transmissions, the corresponding DL control channels are supposed to have very different coverage requirements. For example, unicast control channel with DCI for unicast transmission only needs covering a single UE. Thus the beam width and direction of unicast control channel can be optimized for the single targeting UE. Multicast/broadcast control channel with DCI for multicast transmission needs covering a group of UEs, and the beam width and direction of multicast channel can be optimized for the multiple targeting UEs. Regarding the mapping of the aforementioned control channels, unicast control channel should be mapped after multicast/broadcast control channels.
Issues/Aspects 
In this subsection we discuss the different aspects and issues that RS for CCH demodulation design should consider. Later in subsection 2.3 we will discuss how different RS designs (Shared, Common and UE-specific) deal with such issues.
· Coverage/beamforming: Both non beamformed and beamformed RS can be used to provide larger coverage or higher beamforming gain respectively. In the latter case the RS can be sent using highly directional beam with high antenna gain to improve spectral efficiency of unicast and multicast channels. With wider beams, a larger coverage area is possible however with less antenna gain (while narrower beams provide larger antenna gains with smaller areas of coverage). A tradeoff between the beamwidth (coverage range) and antenna gain is thus inevitable.

· Reliability (Frequency Diversity, beamwidth): Frequency diversity require wider bands to exploit a diversified channel response. With RS being limited to narrower bands, the advantages of frequency diversity becomes limited. Note that frequency diversity can be achieved with both wide and narrow beams. However, wider beam may provide more reliability if coverage is sufficient.

· Multiplexing capability: With limited number of resources in time domain (1 or 2 OFDM) symbols, it becomes easier to perform multiplexing in frequency domain. Multiplexing between different UEs however require different RF chains (different beams) since the beamforming cannot be assumed to be common between all UEs if beamforming gain is to be fully explored. In addition, the design of the search space and blind decoding should be carefully studied considering such limitation.. 

· Channel estimation and overhead: For reliable demodulation of the PDCCH, channel estimation should be accurate. However, channel estimation with a limited number of REs provide poor channel estimates since interpolation in time and frequency domain is limited. One way to overcome this problem is to increase the number of RSs to combat this problem i.e. to improve the channel estimation accuracy, however such a solution results in an increased overhead.

Proposal 1: Issues such as coverage/beamforming, diversity, multiplexing capability and reliable channel estimation should be considered in the design of RS for control channel demodulation.

Design Options 
In this subsection we first provide a description of the two different design options: Shared and UE-specific, and then continue to explain how each of the different design options present some tradeoffs with regards to the issues and aspects discussed in section 2.2. With the current LTE common RS design, RS are used by all UEs channel estimation should be more accurate however limited beamforming gain becomes the main bottleneck. 
· UE-specific RS: UE/PDCCH-specific DM-RS are RS that are used for downlink channel estimation for coherent demodulation of PDCCH. UE specific can be both precoded or non-precoded. In the latter case, the UE specific RS can be sent using highly directional beam with high antenna gain to improve spectral efficiency of unicast channel. With regards to the aspects mentioned in section 2.2, UE-specific RS has the following tradeoffs with respect to issues listed in subsection 2.2.

· Coverage/beamforming: UE-specific RS can be flexibly non-precoded to guarantee coverage area or beamformed to support high signal robustness. 

· Frequency Diversity: With limited resources confined to a certain time frequency unit, frequency diversity might be limited across limited number of subcarriers especially when contiguous frequency mapping is used.

· Channel Estimation and Overhead: In general with such limited resources, channel estimation with UE-specific RS may be poor given the limited number of RS available for providing good channel estimates and since interpolation in both time and frequency domain is limited, especially when distributive frequency mapping is used. 

· Multiplexing capability: Multiplexing capability inherently assumes that per UE precoding can be done. In many cases analog beamforming might limit such an assumption making multiplexing between UEs in frequency domain difficult to attain.

As mentioned above, unicast control channel with DCI for unicast transmission only needs covering a single UE; thus UE-specific DMRS can be used for demodulation of unicast control channel. Besides, the DM-RS ports for unicast control channel and associated data channel may be partly or fully reused.

· Shared RS: a set of shared RSs shared between different PDCCH blind decoding candidates.   RS can be both beamformed to a group of UE or non beamformed to support multicast coverage area. Shared RS can also support unicast transmission. The beamforming should be common to the group of UEs. With more RS available than with UE specific RS, channel estimation accuracy is better with Shared RS. Moreover, frequency diversity is possible since more REs are available with a Shared RS setting. With such RS, region can be configured and can be chosen to adapt to the situation. 
Shared RS is suitable for demodulation of multicast/broadcast control channel, which is designed with DCI for multicast/broadcast transmission targeting a group of UEs. Note that “group of UEs” denotes all the UEs that can receive multicast/broadcast control channel. Moreover, Shared RS can also be used for uni-cast transmission. In this case the UEs can be covered with wider beam such that the same RS can be sent and used to demodulate the unicast DCIs.



Proposal 2: Unicast control channel should use either UE-specific or shared RS for demodulation.
Proposal 3: Unicast control channel should study reusing part or all DMRS ports with associated data channel. 
Proposal 4: Multicast/broadcast control channel should use shared RS for demodulation.

Conclusion
In this contribution we have discussed the issues that need to be considered when designing RS for control channel demodulation. The three different designs have been defined and the tradeoffs they present with such aspects are brought up.
Proposal 1: Issues such as coverage/beamforming, diversity, multiplexing capability and reliable channel estimation should be considered in the design of RS for CCH demodulation.
Proposal 2: Unicast control channel should use either UE-specific or shared RS for demodulation.
Proposal 3: Unicast control channel should study reusing part or all DMRS ports with associated data channel. 
Proposal 4: Multicast/broadcast control channel should use shared RS for demodulation.
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