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This contribution shows our view on DL control channel design.
Discussion
Configuration of search space
UE specific search space is configured by UE specific RRC. For the initialization of UE specific search space, group common search space is required as UE specific search space would be determined during random access procedure. 
Group common search space is configured by minimum SIB together with random access procedure. SIB to carry minimum SI is called as minimum SIB[3] in this document.  The group common search space is used at least for monitoring group common PDCCH [2] and RACH response. The minimum SIB has list of subcells. UEs select one of subcell based on the rules [3]. UE monitors RACH response in grouped common search space of the subcell. 
Cell specific search space for monitoring minimum SIB is not necessary. The cell common minimum SIB can be located on semi-static resource indicated by MIB and/or the first minimum SIB like SIB1. For handover case, minimum SIBs of other cells/subcells would be indicated by dedicated RRC signalling in order to reduce handover latency. DCI for on-demand SI delivery may be located in group common search space. Paging may be transmitted without DCI in configured resources [4]. Power control like DCI format 3/3A, eIMTA configuration and LAA configuring can be located on group common search space. Therefore, the cell specific search space can be removed in order to have forward compatibility and UE centric operation.
The position of group common PDCCH (PCFICH like signalling) and contents are configured by minimum SIB [2]. 

The numerology of the group common control channels is obtained by minimum SIB and the numerology of at least one of UE specific control channel is obtained by RACH procedure. However following are FFS
· Whether UE specific search space and group common search space has same numerology or not
· Whether the control and the data region numerologies are always the same or not 
How different numerologies of UEs are shared in the cell is discussed in [1].
Proposal 1: UE specific search space is configured by UE specific RRC. Initialization of UE specific search space is realized by the random access procedure.
Proposal 2: Group common search space is configured by minimum SIB. 

Search space 
Frequency domain
In order to have sufficient frequency diversity for the reliability, the search space should be able to span multiple frequency resource. On the other hand, if closed loop feedback works well, the localized allocation is useful. Then, both localized and distributed mapping should be supported. 
Proposal 3: both localized and distributed mapping should be supported for search space.
Time domain
We see the need of two types of DL control channel i.e. latency reduction and wider coverage.
For latency reduction case, from gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot was agreed.
For wider coverage case, DL control for DL assignment and UL assignment spans multiple symbols should be supported. If all symbols in a slot are DL, DL control spans all symbols. If the energy is not sufficient within one slot, multi slots transmission of DL control is supported for wider coverage operation.
Proposal 4: For wider coverage case, DL control for DL assignment and UL assignment can span multiple symbols should be supported.
Whether DL assignment and UL assignment share the same search space in time domain or not should be considered. To have separate search space timing location between for DL and for UL may allow shorter latency but it may increase BD effort and could consequently increase power consumption.

Reference signal
Both UE/PDCCH-specific DM-RS for PDCCH reception and shared/common RS for PDCCH reception are agreed. Whether DM-RS or shared/common RS is used for DL control channel depends on how DL control channel is transmitted.
The shared RS among PDCCHs can be considered as to reduce RS overhead. It is shown in Figure 1 case 1. The multiple PDCCHs in different OFDM symbols located on a same PRB share RS on OFDM symbol#0. When transmission scheme for DL control channel is SFBC or precoder-cycling, RS could be shard. This RS sharing can be used for both UE specific search space and group common search space.
UE specific DMRS can be used when DL control channel is signalled as unicast. This UE specific DMRS also can be used for DL data reception. When DMRS is not shared by multiple UEs, the RS allocation is shown in Figure 1 case2, case 3 and case 3’. In case 2, REGs (12 subcarrier * one OFDM symbol) in a PRB forms only one PDCCH. Therefore, the REGs in same PRBs can share DMRS located on OFDM symbol#0. The DMRS overhead can be reduced compared to case 3. In case 3, PDCCH is located on multiple OFDM symbols in different PRBs. In case 3, DMRS is not shared in multiple PDCCH in same PRB. Case 1 and case 3 can be same PDCCH mapping. Just RS insertion is different. Therefore case 1 and case 3 can be within  the same UE specific control resource set. PDCCH#0 for UEA is assumed case 1 and PDCCH#1 for UE B is assumed case 3 are possible. On the other hand, Case 2 has different PDCCH mapping from case 1 and case 3. Case 2 is difficult to be located on same search space as case 1 or case 2. Case 3’ is used for analogue beamforming with narrow beam in mm-wave. PDCCH is located within only one OFDM symbol in case narrow beamforming. Case 3’ type allocation should be supported.
[image: ]
[bookmark: _Ref473629971]Figure 1 RS sharing
Proposal 5: Both shared DMRS and UE specific DMRS should be configurable for UE specific.

CCE-REG mapping
When REGs forms a CCE are located in the same symbols, Figure 2(a) like NR-CCE-REG mapping is possible. In this figure, the number of REGs per NR-CCE is 3. The PRB# is not interleaved but it could be interleaved. When REGs forms a CCE are located on different OFDM symbols, Figure 2(b) like NR-CCE-REG mapping is possible. In order to have frequency diversity gain, REGs are located on different PRBs.
[image: ]
(a) REGs forms a CCE in the same symbol          (b) REGs forms a CCE in different symbols
[bookmark: _Ref473638875]Figure 2 CCE-REG mapping

In Figure 2(a) mapping, if there are a few PDCCHs and aggregation level is low, the utilized OFDM symbols for PDCCH could be reduced. Then later OFDM symbols in a search space can be used for data transmission when the staring position of data is indicated. In figure 2(b) mapping, the power sharing among PDCCH is possible even in CCE aggregation level 1. However, always three OFDM symbols in a search space are blocked. The remaining REs within control resource set are difficult to be used for DL data. The aggregation level 1 is used when SINR is higher. Then for the scenario with power sharing is not so important,  Figure 2(a) mapping can be enough for coverage enhancement scenario, Figure 2(a) mapping can be supported. .
Proposal 6: Both REGs forms a CCE are located in a symbol and different symbols can be supported deepening on the scenario.

In Figure 2(b) mapping, larger aggregation levels also distributed in multiple OFDM symbols. In Figure 2(a) mapping, for larger aggregation levels, following design principle distinction is considered as shown in Figure 3.
- time first and frequency later mapping
- frequency first and time later mapping"
- time and frequency simultaneous mapping ( or staggered mapping)
[image: ]
(a) time first                                    (b) frequency first                                 (c) time and frequency
[bookmark: _Ref473642009]Figure 3 design principle for larger aggregation levels
Which design principle is suitable is depending on deployment conditions. When Figure 1case2 type RS allocation is desirable, frequency first mapping is suitable. When Figure 1case1 or case 3 type RS allocation is desirable, time and frequency simultaneous mapping is suitable. For analogue beamforming with narrow beam in mm-wave, time first mapping is suitable.
The mapping design principle can be configured with search space configuring and RS configuration.
Proposal 7: The mapping design principle can be configured with search space configuring and RS configuration

Others
Blind decoding
The two payload size operation like DCI format 1A and 2B in LTE works well, i.e. the smaller DCI format is used for fall-back operation and the larger DCI format is more elaborated signalling. We think this operation is the baseline of the discussion. 
In LTE, the issue of false detection is raised up in case the number of blind decoding is increased. In order to ease false detection /consistency check detection, to have enough CRC is required for polar code. 

Conclusion
We discussed the design requirement of control channel. From the discussion, we propose follows
Proposal 1: UE specific search space is configured by UE specific RRC. Initialization of UE specific search space is realized by the random access procedure.
Proposal 2: Group common search space is configured by minimum SIB. 
Proposal 3: both localized and distributed mapping should be supported for search space.
Proposal 4: For wider coverage case, DL control for DL assignment and UL assignment can span multiple symbols should be supported.
Proposal 5: Both shared DMRS and UE specific DMRS should be configurable for UE specific.
Proposal 6: Both REGs forms a CCE are located in a symbol and different symbols can be supported deepening on the scenario..
Proposal 7: The mapping design principle can be configured with search space configuring and RS configuration
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