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1 Introduction
In previous RAN1 meeting, search space design was discussed base on the CCE/REG definition reached so far. Search spaces are considered with the multiplexing resource. Also, common and UE-specific search spaces are assumed to be supported to carry different types of control information. Further, it has some requirement on design of search space, such as simplification channel estimation, number of blind decodes, blocking probability and reduce the processing delay. This contribution discusses issues of search space and gives our views.
2 Search space scope
For group common control, it should be transmitted in common control resource set which could be defaulted by system. It would be more suitable to use Common RS for demodulation the common control. The common control resource set should apply transmit diversity and distributed resource mapping. The remaining resource of common control resource set not used by Common Search Space can also be used for UE-specific Search Space.
Differently, UE-specific Search Space should be mainly configured in UE-specific Search Space.  In that case, DMRS is used and RS should not be shared among different PDCCH candidates. Regarding the resource mapping, it would be simpler to only have single mapping in the control resource set for a UE-specific Search Space. It is not precluded to have Common Search Space in the control resource set mainly for a UE-specific Search Space. The Common Search Space and UE-specific Search Space may need different resource mapping. Then, it would be simpler to put different mapping in different OFDM symbols. This can be support by OFDM symbol subset proposed in PDCCH structure design.
Proposal 1: One control resource set can be default with distributed resource mapping and transmit diversity for Common Search Space. Other control resource set(s) can apply localized and distributed resource mapping into different OFDM symbol subsets.

For one search space in control resource set, it needs to have single mapping. Search spaces with different mapping can be transmitted in different symbols.
3 Search space design
Several requirements are mainly considered and used to examine the design of search space: 
· channel estimation reduction

· flexibility of control channel scheduling 

· lower blocking probability

To reduce channel estimation and facilitate the PDCCH processing, nested structure is under study. In general, if Search Space for higher aggregation level can cover that for low aggregation level, nested structure is achieved. Flexible scheduling would require wider range of location of CCE. In frequency, it would be desirable to be scattered.  Then, UE will have diversity frequency location to detect CCEs. However, CCEs from different UEs should avoid too much overlapping and reduce the blocking probability.
LTE PDCCH and ePDCCH was considering independent search spaces among different aggregation level. In NR, nested relationship among search spaces will be considered. The key benefit is reusing the channel estimation, since the processing delay is more stringent in NR. However, it should be verified if the channel estimation can be reused and how to reused. In this study, blocking probability should be also evaluated as that overlapping may results more blocking.
For nested structure 2 types of structure are compared.

Alt1: Randomized nested structure.
Alt2: Nested structure with fixed grid.
For the first scheme, a randomized CCE offset can be introduced and covering is ensured for different aggregation levels. The second scheme only apply fixed grid and search space is generated from grid.

Alt1 is more flexible than Alt2.
3.1 Evaluation for reused channel estimationSimulation for reused channel estimation is done among different aggregation levels.  The DS=30ns, DS=300ns and DS=1000ns are used.
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Figure 1: Performance comparason for channel estimation reusing and non-reusing
From the results, the performance degradation is negligible for: AL=2 reuse 2 channel estimation of AL=1, AL=4 reuse 2 channel estimation of AL=2 and AL=8 reuse 2 channel estimation of AL=4. For AL=8 reuse 4 channel estimation of AL=2, the difference is still acceptable.
3.2 Blocking probabilityIn this section we evaluate blocking probabilities for multiple schemes. 4 cases are under evaluation: 
Case1:  LTE PDCCH search space

Case2:  LTE ePDCCH search space

Case3:  Randomized nested structure
Case4:  Nested structure with fixed grid
For Case 3, the highest aggregation level is determined first. The next aggregation level is following with randomized offset, and so on. 
Table 1 Candidate number
	Search Space
	Number of Candidates(M)

	Aggregate Level(L)
	Size(in CCEs)
	

	1
	6
	6

	2
	12
	6

	4
	8
	2

	8
	16
	2
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Figure 2:  PDCCH capacity with 16 CCE
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Figure 3:  PDCCH capacity 25 CCEs
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Figure 4:  PDCCH capacity with 50 CCEs
As 1 CCE and 6 REG as example, 16 CCEs will be around 10MHz system bandwith. Alt1 Nested structure will be slightly higher in blocking than LTE. For 25 CCEs, the blocking rate is still similar. For 50 CCEs the blocking will be higher. The blocking probability is related with the total CCE resources. However, the blocking probability are similar for the randominzed nested structure and for traditional schemes.
Proposal 2: NR-PDCCH search spaces should support the nested properties among different aggregation levels and introduce randomization of candiates in search spaces.
4 Conclusion

In this contribution, some considerations on search space design for NR are discussed. Those basic requirements are evaluated in simulation. As summary, we have the following proposals are given: 
Proposal 1: One control resource set can be default with distributed resource mapping and transmit diversity for Common Search Space. Other control resource set(s) can apply localized and distributed resource mapping into different OFDM symbol subsets.

Proposal 2: NR-PDCCH search spaces should support the nested properties among different aggregation levels and introduce randomization of candiates in search spaces.
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