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1. Introduction
In RAN1 #88 meeting, there were discussions on NR-PDCCH, and the following agreements were made [1]:
	Agreements:
· NR-PDCCH can be mapped contiguously or non-contiguously in frequency
· The following may be considered to achieve the above (in the physical domain)
· Option 1: Localized or distributed mapping of REGs to a CCE. 
· Option 2: Localized mapping of REGs to a CCE. Localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH
· Down-selection between Op t 1 and Opt 2 should be further discussed
· Companies are encouraged to perform evaluations considering aspects such as channel estimation, frequency diversity, impact of resource reuse for NR-PDSCH, etc., especially for one CCE case
Agreements:
· FFS details of mapping of NR-PDCCH in time and frequency, considering the following options:
· Frequency first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate 
· Time first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Frequency first mapping of REGs to CCEs, time first mapping of CCEs to search space candidate
· Time first mapping of REGs to CCEs, frequency first mapping of CCEs to search space candidate
· Down-selection should be discussed, including of the number of supported option(s)




In RAN1 NR Ad-Hoc meeting [2], it was agreed that a UE assumes fixed number of RS REs per REG for control channel rate matching when the REG contains RS REs as follows; 
	Agreements:
· 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



In this contribution, we discuss the RS type and position for NR DL control channel.

2. Discussions 
Determination of RS type
There are two types of DM-RS considered for NR control channel. As mentioned in previous agreement, a UE-specific DM-RS for control channel reception is used for beamforming, and UE may assume same precoding operation for control channel and associated DM-RS. On the other hand, the estimated channel information based on shared RS can be shared by multiple NR-PDCCH in a PRB, and shared RS can be used for transmit diversity scheme (if distributed resource mapping is used to transmit diversity scheme and multiple NR-PDCCHs are included in a PRB) or common control signaling (which is transmitted to multiple UEs). In other words, UE-specific DM-RS is used for a UE (or a NR-PDCCH) and shared DM-RS is used for multiple UEs (or multiple NR-PDCCHs).
The RS type can be determined by search space type (i.e., CSS/USS) and possibly resource mapping type of NR control channel element (NR-CCE). Regarding the search space type, common search space (CSS) is used for common control signaling which are common for at least a group of UEs monitoring the same CSS (for example, system information, paging, PRACH responses, or UL TPC commands in LTE). So when CSS is defined in NR, a shared RS is suitable as a demodulation RS for CSS. In the case of UE-specific search space (USS), a UE-specific DM-RS is suitable when a UE-dedicated beamforming scheme is used to control signaling.
Another consideration of the RS type determination is the resource mapping of the control channel element (CCE). There are two types of REGs-to-CCE mapping; localized and distributed mapping. The localized NR-CCE mapping is suitable for UE-dedicated beamforming scheme when the channel information is accurate. So a UE-specific DM-RS is adequate to the localized NR-CCE mapping. The distributed NR-CCE mapping, on the other hand, a part of CCE/PDCCH candidate (e.g., resource element group (NR-REG)) can be distributed across time and frequency for frequency diversity gain, and multiple NR-REGs from different NR-CCEs (which may be for different UEs) can be multiplexed in a PRB. So it is desirable to use a shared RS for distributed NR-CCE mapping.
Proposal 1: Shared RS may be supported even for USS, particularly when distributed NR-CCE mapping in both time/frequency is used.
Determination of RS position
In LTE PDCCH, a common RS (CRS) is used to demodulate the control channel and the CRS is transmitted on the fixed position through the whole system bandwidth, and this CRS location is applied not only to CSS but to USS. In NR, RS position can be determined by considering control resource mapping, for example, the number of NR-CCE within a PRB and NR-CCE mapping type. According to the agreements in previous meeting [2], the basic resource unit (i.e., NR-REG) consists of a single PRB in a symbol (i.e., 12 REs), and the minimum resource block (i.e., NR-CCE) consists of multiple NR-REG. In addition, the resource unit for NR control channel is discussed in last meeting [1], and there are some agreements about the mapping of NR-PDCCH. After mapping rule is decided, the next consideration is which REG is used to RS transmission. There are four options to determine RS location.
Option 1) RSs are located on the fixed position in every PRB (i.e., first symbol of a control region)
Option 2) RSs are located on the first REG of each CCE
Option 3) RSs are located on the first REG of each CCE in every PRB
Option 4) Fix a part of RS pattern, and configure additional RS in the required condition
Figure 1 shows examples of option 1 when there are 1, 2 or 3 control symbols. We assume the number of NR-REGs per NR-CCE is 4. As shown in the figure, option 1 can decrease RS overhead, and it is suitable for shared RS case. However, if we assume these RSs are UE-specific and multiple NR-CCEs are multiplexed in a PRB like option 1(c), it may cause decoding performance degradation of some CCEs which don’t have proper RSs. 


Figure 1. Determination of RS position about option 1
Option 2 has less RS overhead than option 1, figure 2 shows examples of option 2 when there are 1, 2 or 3 control symbols. There are some constrain about option 2 to guarantee the performance, the REGs of a CCE have to stay coherent time and coherent frequency, and another one is when a CCE has to stay at different frequency domain because of the small size of control symbol, then the performance cannot be guaranteed due to the bad channel estimation.  


Figure 2. Determination of RS position about option 2
Option 3 has largest RS overhead, while the decoding performance of each NR-CCE is better than other options, and RS overhead can be reduced by proper NR-REG to NR-CCE mapping. Figure 3 shows the example of option 3, when REGs of a CCE are not located in the same PRB, then RSs are located in the REGs which have smallest index in each PRB. This is a proper way to do the channel estimation when there are different precoding for different CCEs. Additionally, the CCE mentioned in option 3 can be seen as aggregated CCEs, for example, if we aggregate CCE0 and CCE1 in option 3(c), then RSs are located in REG0, REG3 and REG6.


Figure 3. Determination of RS position about option 3
About option 4, fix a part of RS pattern, and configure additional RS in the required condition, we can take an example, assume the first symbol of control channel has fixed RS pattern, and the other REGs in the same PRB are precoded for different UEs, then we can send additional RSs which are configured for each UE. The way of option 3 can be used for additional RS pattern, and UE has to make sure the first REG with RS is not included in the symbol that has fixed RS pattern. 
Proposal 2: Variable RS position can be considered for efficient transmission of control channel.
Multiplexing of RS ports
Regarding the multiplexing scheme of RS ports, the FDM may be enough for single analog beam (e.g., below 6GHz case), but multiplexing schemes for RS ports should be carefully decided for multiple analog beam (e.g., above 6GHz case). In this case, channel estimation performance and beam selection flexibility for scheduling need to be considered for selecting RS ports multiplexing scheme. The orthogonal multiplexing scheme such as FDM, TDM and CDM of control channel RS ports can acquire good channel estimation performance without inter-layer interference, while it may increase RS overhead depending on the number of layers multiplexed in the same resources. On the other hand, the SDM of control channel RS ports can reduce the RS overhead or increase the number of layers with a given RS overhead, while channel estimation performance may be worse due to inter-layer interference. In addition, the SDM may have restriction on beam selection for scheduling related to each layer because gNB should select low-correlated beams for increasing channel estimation performance. Considering channel estimation performance and beam scheduling flexibility, 2 FDMed RS ports are preferable for NR-PDCCH. This 2 ports can provide MU-MIMO pairing between 2 UEs (receiving 1 port transmission) or 2 port transmits diversity scheme for a UE. 
Proposal 3: The 2 FDMed RS ports are used for DL control channel in NR.
3. Conclusion
In this contribution, we discuss reference signal for DL control channel, and followings are proposed;
Proposal 1: Shared RS may be supported even for USS, particularly when distributed NR-CCE mapping in both time/frequency is used.
Proposal 2: Variable RS position can be considered for efficient transmission of control channel.
Proposal 3: The 2 FDMed RS ports are used for DL control channel in NR.
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