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1 Introduction
In previous RAN1 meetings, the following agreements reached about DL control channel design:

	RAN1 NR Ad Hoc #3
Working assumption:

· Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET.

Agreements:
· At least two DCI sizes are defined.

· One DCI size, which is at least for the purpose of fallback.

· FFS: for other purposes.

· One DCI size depending on configuration

· FFS: whether both DL and UL have the same size or different.

· FFS: for group-common DCI/PDCCH

· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion

Agreements:
· In a given CORESET

· Alt 1: different DCI formats

· Alt 2: different search spaces

      can have different monitoring periodicities.

· FFS which one


In this contribution, some remaining issues on 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.

Regarding the multiple possible monitoring occasions, it could be supported by configuring multiple CORESETs. Considering different CORESETs may also need to be configured with different beam links, it could reduce number of CORESETs by configuring different monitoring occasions for the 2 DCI formats. 
Proposal 1: Each CORESET should be configured with monitoring occasion(s) which is defined in pattern of slots or OFDM symbols. Different CORESETs can be configured with the same monitoring occasion(s) and with overlapped resources.

However, the current agreements about Alt2 is unclear if the different search spaces means different types of search spaces or search spaces with different aggregation levels.  We reconsider the whole relationship between SS, DCI formats, monitoring occasion and CORESET as following.
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) 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. Different type of SSs can be configured with monitoring occasion(s) independently. Within one type of search spaces in a CORESET, each DCI format can be configured with a monitoring occasion. This can be applied for the different requirement of DCI formats, e.g. eMBB and URLLC.
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 defined in that CORESET.
· Different type of SSs can be configured with monitoring occasion(s) independently.
· Within one type of SS in a CORESET, each DCI format can be configured with a monitoring occasion.
3 Search space design

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. We need to support this in the search space design, e.g. reusing among different aggregation levels. This help to reduce channel estimation complexity for a UE.
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 to support nested structure. 

3.1 Search space structure

Nested search space structure allows that the CCEs of lower aggregation levels are covered by that of highest aggregation level. This structure has requirement that the number of CCEs of highest aggregation level is larger than that of lower aggregation levels. To achieve this, some "pseudo" highest aggregation level candidates may be introduced. No blind decoding is required for these "pseudo" highest aggregation level candidates. And the number of additional "pseudo" highest level candidates can be either calculated or configured together with CORESET. Take an example as Figure 1 shown, AL4 is the actual highest AL for UE with 2 actual candidates and additional 2 pseudo candidates.
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Figure 1 Nested structure with pseudo highest AL candidates

Also, to minimize the blocking probability of nested structure, randomization scheme for candidate’s determination should be introduced in the mapping of candidates within the CCE scope. 

Proposal 4: Nested search space structure should also support: 

· Number of "pseudo" highest candidates can be configured or calculated for covering the resources used by low aggregation levels in case low aggregation level require more CCEs than the highest aggregation level. 

· For search space at lower aggregation level, candidates should be randomly distributed as possible. 

3.2 Search space design with full randomization

As the blocking probability evaluation results showed in last meeting from our contribution [3], full randomization of search space candidates without overlapping shows lowest blocking probability. Thus, nested structure with full randomization without overlapping should be used.  
Assuming we determined the CCEs for search space by section 3.1, the general procedure to select among those CCEs could be: 
Step 1: Indexing the CCEs in granularity of one aggregation level. Step 2: Initiate the random number generator with a seed. Step 3: Generate an index from the random number within the max number of highest AL decoding candidates. Step 4: If the index is already a selected highest AL decoding candidate, go to step 3; else put the index into the set of selected highest AL decoding candidates got to step 3 until the number of candidates met. The random number generator will use same parameters for both UE and eNB side. It could be switched per monitoring.
Another feasible approach is that multiple candidate patterns can be predefined. One of them is randomly selected for UE blind decoding. Each candidate pattern shows M (M is equal to the number of candidates at an AL for UE) selected candidate positions from a search space region containing N available candidate positions without overlapping with each other. 

However, there may be different number of candidates and different search space region for different AL. A unified design should be considered. Existing formula in LTE CSI report for best subband selection could be used for this candidate selection. For illustration, each candidate pattern can be determined through a combinatorial index 
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which is defined as: 
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 is the extended binomial coefficient, resulting in unique label 
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For highest aggregation level, take an example as shown in Figure 2 that the search space region for available candidate positions is the whole CORESET containing 32 CCEs. As a result, there are four available candidate positions, each of which consists of 8 contiguous CCEs. Two candidates 
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 would be selected from the available four candidate positions. Thus, there are total 6 possible patterns, and each pattern is corresponding to a combinatorial index 
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Figure 2 An example of multiple candidate patterns for highest AL

For lower aggregation levels, the similar way to the highest aggregation level can be reused. The only difference between them is that the search space region for the available candidate positions for lower aggregation levels is the CCEs covered by the highest AL candidates. Figure 3 shows an example for lower aggregation level (AL4) if Pattern 5 in Figure 2 is selected for the highest AL. 
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Figure 3 An example of multiple candidate patterns for lower AL

UE can randomly select one combinatorial index 
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 to determine a unique candidate pattern for blind detection. Hash function can be used to realize this randomized selection. For example, the value of 
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 can be associated with UE ID, CORESET indication, etc. 

Proposal 5: Search space design with full randomization function should be introduced for NR-PDCCH.

·  For the highest aggregation level, all candidates are randomly selected from combinations/patterns in granularity of the AL in the CORESET.

· For lower aggregation level, all candidates are randomly selected from combinations/patterns in granularity of the AL among the CCEs of candidates corresponding to the highest aggregation level. 

4 Conclusion

In this contribution, some considerations on CORESET and search space structure design for NR are discussed. The following proposals are given: 
Proposal 1: Each CORESET should be configured with monitoring occasion(s) which is defined in pattern of slots or OFDM symbols. Different CORESETs can be configured with the same monitoring occasion(s) 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 defined in that CORESET.
· Different type of SSs can be configured with monitoring occasion(s) independently.
· Within one type of SS in a CORESET, each DCI format can be configured with a monitoring occasion.
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 to support nested structure. 

Proposal 4: Nested search space structure should also support: 

· Number of "pseudo" highest candidates can be configured or calculated for covering the resources used by low aggregation levels in case low aggregation level require more CCEs than the highest aggregation level. 

· For search space at lower aggregation level, candidates should be randomly distributed as possible.

Proposal 5: Search space design with full randomization function should be introduced for NR-PDCCH.

·  For the highest aggregation level, all candidates are randomly selected from combinations/patterns in granularity of the AL in the CORESET.

· For lower aggregation level, all candidates are randomly selected from combinations/patterns in granularity of the AL among the CCEs of candidates corresponding to the highest aggregation level. 
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