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1 Introduction
In previous RAN1 meeting, some agreements were reached about the DL control channel design. REG mapping schemes were discussed. Several potential solutions were provided.
In this contribution, we give a further analysis on the PDCCH structure design for NR and also discuss further issues of UE/PDCCH-specific DMRS.
2 Control resource set configuration
Common control resource set should be default with symbol duration. One OFDM symbol could be sufficient. The configuration of UE-specific control resource set should also be set with symbol duration. This will facilitate CCE/REG mapping.

For multiple-beam PDCCH operation, the control resource set can be divided into several subsets of OFDM symbols. Different subsets transmit in different beam directions. If the PDCCH region has 2 OFDM symbols, one subset can correspond to {Symbol #0} and transmits Beam #a, the other subset corresponds to {Symbol #1} and transmits Beam #b. For single-beam PDCCH operation, distinguishing different subsets is not necessary.
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Figure 1 The multiple beam operations in PDCCH region

Proposal 1: Control resource set can be configured with symbol duration to facilitate CCE/REG mapping
Proposal 2: Control resource set can be further divided into subsets of OFDM symbols to support multiple beam operation. A PDCCH candidate can be repeated in multiple subsets corresponding different beams to enhance the robustness of control. Or, different PDCCH candidates can be distributed in different subsets to allow dynamic beam selection.
Control resource sets can be overlapped and depends on the configuration. The overlapped part of different resource sets may require same mapping scheme to reduce the blocking probability. However, this should be up to network configuration. Under the overlapped resources, MU-MIMO can improve the utilization of CCEs. Multiple users can be distinguished by antenna ports determined by CCE index, C-RNTI and AL. 
3 PDCCH resource mapping
In the frequency domain, one control resource set will contain several continuous or distributed PRBs. The distribution of the CCE resources will be discussed in the following section about resource mapping.
3.1 Localized or Distributed 
Considering resource mapping it was under discussion with 2 level of distribution. One level is to be localized or distributed mapping of REGs to a CCE. Another level is localized mapping of REGs to a CCE, and localized or distributed mapping of CCEs when multiple CCEs are needed for an NR-PDCCH. The distributed mapping is basically to achieve better frequency diversity. Then, only one level of distribution should be sufficient for NR-PDCCH. Multiple level of distribution will increase the complexity of control resource mapping and also may increase the blocking probability of control. 
Further, considering the one CCE may compose 6 REGs, this already occupy 1.08MHz bandwidth. It will give decent frequency diversity. Note that lower aggregation level would be more useful for UE-specific control. It mainly target on UE with better channel condition. Thus, contiguous REGs for 1 CCE should be sufficient.  Assuming AL 4 and 8 will be used for group common control, the frequency diversity is optimal for those aggregation levels.  In aggregation level 4, if the physical CCEs are alternatively used in frequency domain, one candidate can occupy 5 MHz bandwidth @ 15 kHz SCS. Then, the CCE level distribution should be supported. Further evaluation is needed to confirm the down selection for distribute mapping level.
In general, CSS can be configured with the above distributed transmission. USS is applicable for low aggregation levels and the frequency scheduling can be also used when accurate channel state acquired. 
Proposal 3: Further evaluation is needed to confirm the down selection for distributed mapping level. 
3.2 Time first or Frequency firstThe mapping order should also considered if frequency first mapping or time first mapping. As it is also agreed in previous meeting that NR PDCCH should be mapped in set of OFDM symbols, subset of PDCCH symbols should be used to achieve it. Symbol subsets correspond with certain beam directions.

For time first mapping, it should also consider whether it is mapped in REG level or CCE level. In REG level time first mapping, the REGs can share the front loaded DMRS at least in localized CCE. Assuming a subset have 2 OFDM symbols, only half of REGs need multiplex with front loaded DMRS. If the OFDM symbol subset falls into 1 OFDM symbol, it will be equivalent to frequency first mapping.  In that sense, a unified mapping scheme will realized both mapping scheme. This scheme is flexible as long as it can be configurable with different number of OFDM symbols in a subset.
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Figure 2 Timing first for REG to CCE Mapping
If we only do the time first mapping in CCE level, the aggregation level 1 cannot save DMRS overhead. In that case, the earlier channel estimation in 1st OFDM symbol is not achievable.

Proposal 4: NR PDCCH adopt time first mapping in REG level and the configurable subset of OFDM symbols. The mapping falls back to frequency first for 1 OFDM symbol. 

4 DMRS
From the perspective of overhead it was observed that RS resource more than 33.3% of total will impact the capacity of control.  Then, this means no more than 4 REs per REG will be reserved for RS. It is already shown in earlier results that 4 REs cannot support 4 ports per REG, considering the case of 1 OFDM symbol control region.  2 DMRS Ports can also support MU-MIMO. Note that transparent MU-MIMO can be supported by multiple ports. It can also supported by same port with different sequences for different UEs. Regardless number of DMRS ports, NR PDCCH should only support single layer transmission. Considering the small payload, 2 layer transmission of PDCCH will increase the complexity for both layer determination and adaptation.
Proposal 5: NR-PDCCH DMRS should support not more than 2 Ports. NR-PDCCH is only transmitted in single layer. MU-MIMO can consider both orthogonal and quasi-orthogonal schemes. 
NR-PDCCH will be only transmitted in control resource set. The generation of the DMRS may depend on the whole system bandwidth or the control resource set.  For common control resource set, if DMRS is used, it should be better to be generated based on the system bandwidth. Since common control resource may overlap with other resource sets and common control of neighbor cells. For UE-specific control resource set, it is also desirable to be generated in same rules.
Proposal 5: For Common RS and UE-specific RS, generation of DMRS sequence is for the whole system bandwidth.  NR-PDCCH transmission of DMRS is based on the frequency location of each candidate.

5 Conclusion

In this contribution, some considerations on DL control channel design for NR are discussed. According to the discussion, the following proposals are given:
Proposal 1: Control resource set can be configured with symbol duration to facilitate CCE/REG mapping
Proposal 2: Control resource set can be further divided into subsets of OFDM symbols to support multiple beam operation. A PDCCH candidate can be repeated in multiple subsets corresponding different beams to enhance the robustness of control. Or, different PDCCH candidates can be distributed in different subsets to allow dynamic beam selection.
Proposal 3: Further evaluation is needed to confirm the down selection for distributed mapping level. 

Proposal 4: NR PDCCH adopt time first mapping in REG level and the configurable subset of OFDM symbols. The mapping falls back to frequency first for 1 OFDM symbol. 

Proposal 5: For Common RS and UE-specific RS, generation of DMRS sequence is for the whole system bandwidth.  NR-PDCCH transmission of DMRS is based on the frequency location of each candidate.
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