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1. Introduction

In RAN1 NR Ad-Hoc#2, DMRS for DL control channel was discussed with the following aggreements:

Agreement:
· DMRS is mapped on all REGs on all the OFDM symbols of a given PDCCH candidate
· The DMRS density is the same on all REGs
In this contribution, we show our views on the detail design on RS.
2. Discussion
The performance of DL control channel plays an important role in the performance of the whole system. In order to support a control channel with very robust performance, the design of its RS would be critical as it would directly determine the accuracy of the channel estimation. On the other hand, the channel estimation complexity also needs to be considered, especially considering that UE may need to exhaust on all possible control channel candidates before decoding its PDCCH. Therefore, the design of RS needs to provide a balance among performance, overhead and complexity.
A UE may have different PDCCH candidates with different control channel element (CCE) aggregation level (AL) and their resource may have overlapping.  The RS design for PDCCH candidates with different CCE AL could follow two principles:
· Option1: Independent of  CCE AL 

· Option 2: Dependent of  CCE AL
The first option (option 1) means that the RS design does not change with PDCCH candidates of different CCE AL. That would reduce the channel estimation complexity at the UE and allow it to reuse the channel estimation on certain RE(s) obtained from blind decoding some PDCCH candidates and use them in the blind decoding of other PDCCH candidates with may have different CCE AL. It would also reduce the standard efforts in specifying RS for control channel. The drawback of this approach is that using one set of RS may not lead to most efficient design of RS for different PDCCH candidates. 

The second option (option 2) is simply the opposite of the first one as it requires the design of RS for different CCE AL, which may provide more efficient RS design for each CCE AL. However, it may require more specification efforts and also impose more complexity on channel estimation at the UE side. 

Considering both pros and cons of each option, our preference is as follows:
Proposal 1: Strive for the RS design so that channel estimation on RE(s) can be reused across decoding of different PDCCH candidates especially with different CCE AL.
Figure 1 shows an RS design example, where in each control channel resource unit (one PRB in frequency), 4 REs are used for RS and remaining 8 REs are used for control channel, thus leading the RS overhead in a control channel resource unit to be 1/3. The RS REs are divided into groups with each group containing a pair of RE(s). As it was agreed at R1-88bis meeting that single port transmit diversity scheme is supported for NR PDCCH, the pair of REs for RS could be used to achieve power boosting on RS or support 2 RS ports in MU-MIMO for PDCCH transmission, one for each UE.  In latter case, CDM and FDM could be used to MUX the RS for these 2-ports on each pair of RE(s). The pair of RS RE(s) contains 4 REs apart from each other as shown in the example, which makes the frequency gap between each RS port similar as that in LTE, and thus be able to achieve at least similar channel estimation accuracy as in LTE. Such RS pattern would also make the channel estimation in each control channel resource unit self-contained and can be reused for the blind decoding of different PDCCH candidates (e.g., with different CCE AL).  To avoid interference among RS for control channel from neighboring cells/beams, the relative positions of RS within a control channel resource unit could be shifted similar as CRS in LTE.
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Figure 1: Example of RS design for PDCCH when frequency-first CCE-to-REG mapping is applied
The RS design example shown in Figure 1 could be used when the CCE(s) are mapped along frequency domain on one OFDM symbol. Figure 2 and Figure 3 show two other  RS design examples where CCE and its resource unit are mapped along time domain first with 2-symbol or 3-symbol time duration respectively.  As can be seen from the figures, the RS in each OFDM symbol is similar as that shown in Figure 1, while the RS in consecutive OFDM symbols in time could be shifted by certain offset, which makes the joint channel estimation more effective with improved performance. 
Proposal 2:  

· Support RS overhead of 1/3 in one PRB for PDCCH

· Support shifted RS pattern for PDCCH
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Figure 2: RS design example #1 for PDCCH when time-first CCE-to-REG mapping is applied
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Figure 3: RS design example #2 for PDCCH when time-first CCE-to-REG mapping is applied
3. Conclusions
In this contribution, some aspects on RS design for 5G NR PDCCH are discussed and our views are summarized as follows
Proposal 1: Strive for the RS design so that channel estimation on RE(s) can be reused across decoding of different PDCCH candidates especially with different CCE AL.
Proposal 2:  
· Support RS overhead of 1/3 in one PRB for PDCCH

· Support shifted RS pattern for PDCCH
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