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1 Introduction
In previous RAN1 meetings, we reached some agreements on DMRS aspects for NR PDCCH. 
Based on those agreements, this contribution discusses remaining open issues on NR PDCCH DMRS design.
2 Discussion
UE specific DMRS vs. Shared DMRS

For UE-specific search space, it is straightforward to utilize the UE-specific DMRS. The controversial issue is whether UE-specific DMRS or shared DMRS is used for common search space. In LTE, even in common search space, UE-specific PDCCH can be transmitted and it can be simply assumed that NR will be the same case. Considering possible UE-specific PDCCH, UE-specific DMRS should be the baseline even for common search space. However, certain common channels are also transmitted using the common search space. It was already agreed that group common PDCCH is transmitted at least for indicating the slot format related information and this channel should be received reliably by group of UEs over the whole cell. This means that the channel estimation performance should be sufficiently good for common channel decoding and only UE-specific DMRS may not reach the channel estimation requirement. As discussed in [6], it is desirable to define some shared DMRS at least for the decoding of common channels and this shared DMRS should be known by UEs in a cell for efficient channel estimation. However, the shared DMRS does not necessarily mean that it is transmitted every slot and this is different from the LTE CRS design.
Proposal 1: Both UE-specific DMRS and shared DMRS are supported at least for PDCCH common search space.
DMRS patterns
As discussed in our companion contributions [4, 5], NR supports 2 antenna ports for NR PDCCH. Therefore, if the minimum channel estimation unit is one REG including 12 REs, at least 2 REs should be reserved for NR PDCCH. In addition, taking into account potential frequency selectivity inside one REG, 2 REs may not be sufficient. So we prefer 4 REs should be utilized for the transmission of DMRS, 2 REs per each antenna port. This is a bit in line with the CRS design in LTE. Figure 1 is showing the possible structure for NR PDCCH DMRS.  
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Figure 1. Examples of NR PDCCH DMRS

Proposal 2: 4 REs per REG are used for NR PDCCH DMRS
DMRS overhead reduction
In case that the PDCCH is transmitted using multiple OFDM symbols, it is desirable to reduce DMRS overhead by locating the REGs of multiple OFDM symbols in the same frequency positions. If REGs are aligned in frequency domain, DMRS can be transmitted just in REGs in one single OFDM symbol and the REGs in the other OFDM symbols can reuse the DMRS of the neighboring REGs for channel estimation. The first OFDM symbol is adequate one for DMRS transmission considering PDCCH decoding latency reduction.
There are two potential options to realize the DMRS overhead reduction. First option is to utilize time-first and frequency-last mapping between REG and NR CCE. In this option, CCE consists of REGs in multiple OFDM symbols and DMRS is transmitted only in the REGs of the first OFDM symbol in the CCE as shown in Figure 2-(a).  The other option is by using symbol aggregation for PDCCH whose aggregation level higher than one. Regardless of whether time-first mapping or frequency first mapping is used for REG to NR CCE mapping, if the gNB chooses aggregation level higher than one, CCEs are located in the same position of the frequency domain. In this case, DMRS is only transmitted in the CCE which is located in the first symbols of the PDCCH, and remaining CCEs do not transmit DMRS.
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Figure 2. DMRS overhead reduction options

Proposal 3: DMRS reduction scheme is supported using time first REG to NR CCE mapping and/or symbol aggregation for PDCCH of high aggregation level
Support for CoMP operation
In addition to single-point, NR PDCCH should also support multi-point transmission such as dynamic point selection (DPS) and non-coherent joint transmission (NC-JT) CoMP schemes. Similar to downlink data channel, DPS for NR PDCCH transmission can be used for dynamic offloading of the control channel transmission to the neighboring TRPs. The dynamic offloading of the control channel is required to improve the load balancing of the control channel resources across the TRPs. Support of DPS for NR PDCCH can be achieved by introducing multiple NR PDCCH sets, where DM-RS antenna ports in different NR PDCCH sets can be transmitted by different TRPs and, therefore should not be QCL-ed with each other. In this scenario, to provide more accurate time and frequency offset estimation for NR PDCCH demodulation, DM-RS antenna ports in each NR PDCCH set should be QCL-ed with some downlink RS (e.g. CSI-RS) transmitted in TRP specific manner and suitable for time and frequency offsets estimation. Such QCL assistance information for DM-RS antenna ports can be supported by configuration of the downlink RS and association of that downlink RS with the corresponding NR PDCCH set. 

NC-JT scheme is another candidate multi-point transmission scheme that should be supported for NR-PDCCH. For NR-PDCCH, NC-JT can be used to improve robustness of the control channel transmission to possible blockage effect in the communication channel. In particular multiple DM-RS antenna ports of NR PDCCH can be transmitted by different TRP and, therefore, should not be QCL-ed with each other. In this case, the NR PDCCH configuration may also include QCL signalling indicating downlink RS (e.g. CSI-RS) which should be assumed by the UE as QCL-ed with the DM-RS antenna ports of NR PDCCH. Due to multi-point transmission of DM-RS antenna ports, the robustness of the control channel transmission is improved to the possible blockage of the channel to the TRP. 
Proposal 4: QCL of DM-RS antenna ports for NR PDCCH should support DPS and NC-JT CoMP schemes
3 Conclusion 

In this contribution, we presented our views on DMRS design for PDCCH. Based on the discussion we draw the following proposals:
Proposal 1: Both UE-specific DMRS and shared DMRS are supported at least for PDCCH common search space.
Proposal 2: 4 REs per REG are used for NR PDCCH DMRS
Proposal 3: DMRS reduction scheme is supported using time first REG to NR CCE mapping and/or symbol aggregation for PDCCH with high aggregation level
Proposal 4: QCL of DM-RS antenna ports for NR PDCCH should support DPS and NC-JT CoMP schemes
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Agreements in RAN1 #86bis [1]:


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


FFS: QCL between antenna ports for PDCCH demodulation


Tx diversity supported. Which scheme/how FFS





Agreements in RAN1 #87 [2]:


when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol


The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)


At least for single-stage DCI design:


A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information


The PRBs may or may not be frequency contiguous


A UE may have one or more control resource sets


Working assumption: One DCI message is located within one control resource set


In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel





Agreements in RAN1 NR Adhoc [3]:


Transmit diversity scheme for DL control channel is supported.


FFS; SFBC or precoder-cycling, etc


Other schemes are not precluded


FFS number of antenna ports (1 or 2)


A UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs


FFS;  if the fixed number is configurable
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