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1 Introduction
In previous RAN1 meetings, WA and agreements reached about DL control channel design [1]:

	Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].

· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X
Agreements:
· Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8
· FFS 16 and 32 aggregation levels and also other numbers
Agreements:
· A PDCCH search space at an aggregation level in a CORESET is defined by a set of PDCCH candidates
· For the search space at the highest aggregation level in the CORESET, the CCEs corresponding to a PDCCH candidate are derived as following

· The first CCE index of a PDCCH candidate is identified by using at least some of the followings
· (1) UE-ID, (2) candidate number, (3) total number of CCEs for the PDCCH candidate, (4) total number of CCEs in the CORESET, and (5) randomization factor
· The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index
· Searching space design for the lower aggregation level can be discussed separately


In this contribution, some remaining issues on CORESET configuration and search space design for NR-PDCCH are discussed further. 
2 CORESET configuration
The CORESETs are defined as per scheduling time unit based. They can be applied for different transmission durations for various services. In typical eMBB service, a CORESET is located from the starting symbol of one slot and it may be located once every slot or every several slots. In URLLC, it can be located more often as once every couple of symbols. It has further been agreed that a CORESET can be configured with a certain monitoring periodicity. However, the monitoring occasion of a CORESET may not be purely periodic as mini-slot may need irregular length. The pattern for the CORESETs monitoring should fit into the 1ms sub-frame boundaries.
For one UE, it can be configured with the full set of possible monitoring occasions, depending on UE capability. For the primary common CORESET, the monitoring occasion can be implicitly defined.

Proposal 1: Each CORESET should be configured with a monitoring occasion which is defined in pattern of slots or OFDM symbols. Different CORESETs can be configured with the same monitoring occasions and with overlapped resources.

CSS will be mapped with a Group Common PDCCH, whereas USS can be mapped with a UE-specific PDCCH. The gNB should also explicitly or implicitly indicate which type of search spaces (CSS and/or USS) maybe included in the CORESET. That should be designed as full set of configuration. For one type of search spaces (CSS or USS) in a CORESET, only 1 search space per aggregation level is needed to be defined in that CORESET.
Proposal 2: CSS and USS can be configured in the same or different CORESETs. For one type of search spaces (CSS or USS) in a CORESET, only 1 search space per aggregation level is needed to be defined in that CORESET.
3 Search space design

For the search space design of the NR-PDCCH, both channel estimation complexity reduction and flexibility of control channel scheduling with lower blocking probability should be considered. 

As agreed for one UE, there is the case that the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE. In order to reduce the channel estimation complexity, a nested search space structure is proposed. The essential idea is to let the channel estimation of the highest aggregation level be reusable for the lower aggregation levels if the same REG bundle is used between them. The search space design should support that reuse among different aggregation levels for NR-PDCCH. 

Proposal 3: For one type of search spaces in a CORESET, NR-PDCCH search spaces for low aggregation level should reuse the CCEs of candidates for the highest aggregation level. 

3.1 Blocking probability simulation

The PDCCH blocking probability should be kept low especially for those kinds of nested SS structure. Since the resources for lower aggregation levels are limited under that of the highest aggregation level, the blocking probability will become high if a continues candidate mapping scheme like in LTE is employed. In order to reduce the blocking probability, more randomization of candidates in the search space compared to LTE should be considered. Theoretically, a scheme where each candidate position is randomly selected can achieve the maximum randomization. It may lead to that candidates for one UE may overlap. Take as example that at slot k the resource position of the i-th candidate of one UE can be defined based on the (i-1)-th candidate and a step value: 

Candidate i = Candidate (i-1)   + step

The step value is randomly selected from a predefined set, e.g. {1, 2}. With this rule, an overlap between different candidates for one aggregation level for one UE may happen. As the example in Figure 1 shows, candidate 4 overlaps with candidate 0 and candidate 5 overlaps with candidate 1 if the step-value between any two continuous candidates would be randomly selected as 2. Other randomization schemes, like option 3 of [2], can't avoid the random values of 2 UEs to overlap. This overlapping reduces the number of effective candidates used for the UE and should be avoided in order to reduce the PDCCH blocking probability. 
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Figure 1 Candidates randomization with candidates overlapping

In the following, the evaluation results compare the blocking probability of 
· LTE PDCCH (SStype1)
· Nested structure when only the first candidate position is randomly selected and other candidates position is continuous (SStype2), 
· Nested structure with full randomization without candidates overlapping (SStype3)
· Nested structure with full randomization with possible candidates overlapping. 
It is assumed that the numbers of PDCCH candidates are 6, 6, 2, and 2 for aggregation levels 1, 2, 4 and 8, respectively. And it is assumed that aggregation level distributions are 40%, 30%, 20%, and 10% for aggregation levels 1, 2, 4, and 8 respectively. The total number of CCEs for control region is 32, 64 and 128. 
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Figure 2 Blocking probability comparisons
From Figure 2 it can be seen that, SS type3 shows best performance. It results in the lowest blocking probability for all the number of CCEs. Both SStype2 and SSype4 show a larger blocking probability than LTE PDCCH. With the total number of CCEs increasing, the gap between SStype3 and LTE PDCCH becomes smaller. That is because that the total number of CCEs increasing, the case of candidates overlapping due to the randomization step happens less often. As a result, full randomization for the candidates without overlapping for one aggregation level and one UE should be considered for NR-PDCCH. The approaches of full randomization without candidates overlapping between each other should be introduced. 

Observation 1: Nested structure with full randomization without candidates overlapping each other shows the least blocking probability for all simulated cases. 
Proposal 4: Full randomization of search space candidates without overlapping in each aggregation level within the resources of CORESET should be supported 
3.2 Search space at the highest aggregation level

For the search space at the highest aggregation level in one CORESET, the number of candidates is usually small and the resource range for candidates is usually sufficient. Thus, the probability of candidates overlapping for full randomization is very small. The only problem exists in the case of the CORESET with small number of CCEs i.e. in narrow band. However, this would naturally fall into continuous candidates. As a result, we can let the first CCE index of a PDCCH candidate to be identified by using UE-ID, total number of CCEs for the PDCCH candidate, total number of CCEs in the CORESET and a randomization factor. The randomization factor is realized by randomly selecting one value out of a set of values. In order to avoid the overlapping problem, the set of values can be included in the CORESET configuration. 

Proposal 5: For search space at the highest aggregation level, the first CCE index of a PDCCH candidate is identified by a randomization function which receives its input parameters from the CORESET configuration. None of candidates should be overlapped.
3.3 Search space at lower aggregation level

For the search space at lower aggregation level in one CORESET, the resource range for candidates is usually much smaller than for the highest aggregation level. That is due to that the resource for the highest AL will cover the resource for lower ALs. As a result, candidates overlapping for a low AL for one UE will more easily happen if random step values are used. Some limitations or other approaches should be studied for full randomization of candidates for a low AL for one UE. One example is that some candidate patterns can be defined. The patterns can also be randomly selected for one AL for one UE at different slots/mini-slots. As an example, Figure 3 shows multiple candidate patterns that can be predefined for one AL. 
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Figure 3 Multiple candidate patterns for one AL

In Figure 3, two candidates 
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 in AL4 should be determined from the available candidate position assuming that there are total four available candidate positions for AL4. Thus, there are possible 6 patterns for the AL4' candidate’s position. One of them can be randomly selected using for the current slot/mini-slot. It can be seen that full randomization without overlapping can be achieved through this way. However, some unified design for different lower aggregation levels should be defined by a formula. Another example could be through some tables. 

Proposal 6: For search space at lower aggregation level, candidates should be mapping within the resource of highest aggregation levels. Candidate patterns should be introduced for full randomization without overlapping. 

4 Conclusion

In this contribution, some considerations on nested search space structure design for NR are discussed. The following observations and proposals are given: 
Proposal 1: Each CORESET should be configured with a monitoring occasion which is defined in pattern of slots or OFDM symbols. Different CORESETs can be configured with the same monitoring occasions and with overlapped resources.

Proposal 2: CSS and USS can be configured in the same or different CORESETs. For one type of search spaces (CSS or USS) in a CORESET, only 1 search space per aggregation level is needed to be defined in that CORESET.

Proposal 3: For one type of search spaces in a CORESET, NR-PDCCH search spaces for low aggregation level should reuse the CCEs of candidates for the highest aggregation level. 

Observation 1: Nested structure with full randomization without candidates overlapping each other shows the least blocking probability for all simulated cases. 
Proposal 4: Full randomization of search space candidates without overlapping in each aggregation level within the resources of CORESET should be supported 

Proposal 5: For search space at the highest aggregation level, the first CCE index of a PDCCH candidate is identified by a randomization function which receives its input parameters from the CORESET configuration. None of candidates should be overlapped.

Proposal 6: For search space at lower aggregation level, candidates should be mapping within the resource of highest aggregation levels. Candidate patterns should be introduced for full randomization without overlapping. 
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