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1 Introduction
In the RAN1 Ad Hoc meeting, some agreements were reached about the DL control channel design [1]:
In this contribution, we give a further analysis on search space design and the monitoring of search space for NR.
2 Search space types
Search space should support Common Search Space and UE-specific Search Space. Certain Search Space will give a number of CCEs within a control resource set. Those CCEs will be the possible transmission unit of PDCCH. Depending on control resource set configuration, it may have both CSS and USS. Different search spaces may overlap in CCE. 
In general, the group common PDCCH should be transmitted in CSS. UE-specific PDCCH should be transmitted in USS. However, search space type may not be bounded with control resource set type. The type search spaces for a UE should be configurable on its control resource sets.  

3 Search space design
The following is agreed in RAN1#87[2]
	Agreements:
· 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)


In LTE, the CCE of PDCCH is numbered based on the # of OFDM symbols in DL control region which is indicated by PCFICH. Then, USS and CSS are defined according to available CCE in control region. NR control resource set will be similar concept as control region. Moreover, design will be different in NR where the CCE of NR-PDCCH may be numbered based on a subset of OFDM symbols. Then USS and/or CSS are then defined according to available CCEs in the subset of the control OFDM symbols (i.e. not the whole control region). However, it does not mean all the CCE in the control resource set (subset) should be occupied.

Search spaces with different Aggregation Levels of CCEs for one UE should be in one control Resource set. Different subsets of the control OFDM symbols can be used for with different beam directions. It is also possible to allocate multiple search spaces for one UE in different subsets of control OFDM symbols in order to enable flexible resource allocation. An example is shown in Fig.1.
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Fig 1 Illustration of search space definition
Regarding the search space mapping rules, LTE PDCCH use continuous candidate mapping in onto CCEs for a given Aggregation level:
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The LTE EPDCCH applies even mapping on to CCEs of PRB Set
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The latter one is more preferable for NR PDCCH since the resource in more flexible for allocation.
For different ALs, nested candidates will save channel estimation but will give more restriction on candidate mapping. Thus, nested structure should not be mandated for search space design. 

UE need to know which subsets of control resource set are used to reduce blind decoding. One possibility is associate beam ID with subset. Another is semi-statically configuration of detection subset. The third one could be using Group Common PDCCH to indicate detection subset.
Proposal 1: NR PDCCH Search space should support flexible PDCCH resource allocation.  Randomization of CCEs’ location is not applied. A simple time-frequency order of CCEs should be defined.

Proposal 2: Nested structure among different ALs should not be mandated for search space design.
4 Monitoring of search space
UE-specific Search Space and Common Search Space should have independent monitoring occasion. 

Common Search Space can include paging, SIB indication and RAR. Paging and SIB indication will have a periodicity for monitoring. The RAR should be within RAR windows and a number of consecutive slots would be monitored. Slot type can be monitored and the occasion is depended on use cased. It could be per slot. 
Monitoring occasion in UE-specific Search Space may depends on the indication from group common PDCCH in the common search space. E.g, UE will not detect PDCCH if a slot is a UL only slot. UE can be indicated by group common PDCCH that which subset of OFDM symbols from control resource set will be monitored for UE-specific controls.
Proposal 3: NR search space should support flexible monitoring occasions. UE-specific search space can be mapped into subset of OFDM symbols in control resource set.
5 Conclusion

In this contribution, some considerations on search space design for NR are discussed. According to the discussion, the following proposals are given:
Proposal 1: NR PDCCH Search space should support flexible PDCCH resource allocation.  Randomization of CCEs’ location is not applied. A simple time-frequency order of CCEs should be defined.

Proposal 2: Nested structure among different ALs should not be mandated for search space design.

Proposal 3: NR search space should support flexible monitoring occasions. UE-specific search space can be mapped into subset of OFDM symbols in control resource set.
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