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1 Introduction
In previous RAN1 meetings, some agreements are reached about DL control channel design:

	<RAN1 AdHoc NR2>
Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:

· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors

· Set of aggregation levels

· FFS explicit or implicit configuration

· Set of DCI format sizes

· FFS explicit or implicit configuration

· FFS: per CORESET not used for initial access or search space

· FFS: Signalling details

· Note that the number of candidates can be zero

· UE blind decoding capability is known by NW

· FFS: How the capability is derived
Agreement:
For a 1-symbol CORESET with interleaving, 

· At least REG bundle size = 2 is supported

· Working assumption:

· REG bundle size = 6 is also supported 

· FFS whether configuration between 2 and 6 is explicit or implicit

· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

For a 2 or 3 symbol CORESET with interleaving, 

· At least REG bundle size = CORESET length is supported

· Working assumption:

· REG bundle size = 6 is also supported 

· FFS whether configuration between CORESET length and 6 is explicit or implicit

· Precoder granularity in frequency domain is equal to the REG bundle size in the frequency domain

<RAN1 AdHoc NR1>
Agreements:
· Control search space includes at least the following properties

· Aggregation level(s)

· Number of decoding candidates for each aggregation level

· The set of CCEs for each decoding candidate

<RAN1 #87>
Agreements:
· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE


In this contribution, search space design for NR-PDCCH based on nested structure is discussed and PDCCH block probability is considered. 

2 Nested structure design

In order to make the channel estimate obtained for one RE reusable across multiple blind decodings involved that RE for one UE, nested search space structure is under consideration. Figure 1 shows an example of a general nested search space structure. 
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Figure 1 One example of perfect nested search space structure

2.1 REG bundle based Nested structure

As agreed in last meeting, different REG bundle size may be supported for a CORESET. And from the evaluation results of companion contribution [1], large REG bundle size is suitable for higher aggregation levels while small REG bundle size is suitable for lower aggregation levels. As a result, REG bundle based nested structure should be considered. The design set higher aggregation levels with large REG bundle size and lower aggregation levels with small REG bundle size. As Figure 2 shown, REG bundle size of 6 is used for AL8 and AL4 and REG bundle size of 3 is used for AL2 and AL1. All can be in a nested structure. 
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Figure 2 Different REG bundle size for different ALs in a nested structure

According to the definition of REG bundle agreed in the previous RAN1 meeting [2], the same precoder should be used within a REG bundle. In order for supporting channel estimation reusing between different aggregation levels, the small REG bundles and the large REG bundles corresponding to the same time and frequency resource should use the same precoder. As Figure 3 shows, the same precoder is used within a large REG bundle, and the precoders corresponding to two consecutive small REG bundles covered by the large REG bundle are the same. Apparently, this is not in favour for transmit diversity gain achieving especially for lower AL PDCCH. 
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Figure 3 An example of REG bundle based nested structure considering precoders

To make two consecutive small REG bundles within a CCE can use different precoders, one feasible approach is that the two consecutive small REG bundles can be from two large REG bundles respectively, as Figure 4 shown. 
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Figure 4 REG bundle reconstruction from large REG bundle to small REG bundle

In Figure 4 REG bundle reconstruction happens, which means that small REG bundle i and i+1 are not have to be not the same large REG bundle, instead they can be from different large REG bundles respectively. 

By using REG bundle reconstruction, REG bundle based nested structure can support multiple REG bundle size coexistence with more transmit diversity can be achieved. Figure 5 shows the REG bundle based nested structure with REG bundle reconstruction. 
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Figure 5 REG bundle based nested structure with REG bundle reconstruction

Observation 1: REG bundle reconstruction from large REG bundle to small REG bundle can achieve more transmit diversity. 

Proposal 1: REG bundle based nested structure with REG bundle reconstruction should be supported for NR-PDCCH.

2.2 Blind decoding candidates in nested structure

Nested search space structure is favor for channel estimation reusing. However, one potential problem is that PDCCH blocking probability may be increased since lower aggregations are always limited in the range of highest aggregation level. In order to reduce the PDCCH blocking probability, randomization of candidates in search space should be considered. Theoretically, full randomization for all the candidates where each candidate position is randomly selected can get maximum randomization, but it is easy leading to candidates overlapping for one UE. For example as Figure 6 shown, if the starting position of candidate i can be derived through the starting position of search space and a random step which is selected randomly from a set of predefined step values, it may happen different candidates overlapping with each other. It reduces the number of effective candidates used for the UE and is not favour for PDCCH blocking probability reducing. 
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Figure 6 Candidates randomization with candidates overlapping

In the following, the evaluation results compares the blocking probability of LTE PDCCH (SStype1), nested structure with only first candidate position is selected and other candidates position is continuous (SStype2), nested structure with full randomization without candidates overlapping (SStype3) and nested structure with full randomization with candidates overlapping (SStype4). 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 7 Blocking probability comparison

From Figure 7 it can be seen that both SStype2 and SSype4 show larger blocking probability than LTE PDCCH, and SStype4 outperforms SStype2. SStype 3 shows better performance than LTE PDCCH. As the total number of CCEs increasing, the gap between SStype3 and LTE PDCCH is getting smaller. With the total number of CCEs increasing, the case of candidates overlapping due to random step happens less. 

Observation 2: 

- Nested structure with only first candidate position randomly selected and nested structure with full randomization plus candidates overlapping shows larger blocking probability than LTE PDCCH.

- Nested structure with full randomization and no candidates overlapping shows better performance than LTE PDCCH of blocking probability. 

Proposal 2: Full randomization without candidates overlapping should be considered for nested search space structure. 

- The approaches to realize full randomization without candidates overlapping should be reflected in the search space generation function.

3 Conclusion

In this contribution, some considerations on nested search space structure design for NR are discussed. The following proposals are given: 

Observation 1: REG bundle reconstruction from large REG bundle to small REG bundle can achieve more transmit diversity. 

Proposal 1: REG bundle based nested structure with REG bundle reconstruction should be supported for NR-PDCCH.

Observation 2: 

- Nested structure with only first candidate position randomly selected and nested structure with full randomization plus candidates overlapping shows larger blocking probability than LTE PDCCH.

- Nested structure with full randomization and no candidates overlapping shows better performance than LTE PDCCH of blocking probability. 

Proposal 2: Full randomization without candidates overlapping should be considered for nested search space structure. 

- The approaches to realize full randomization without candidates overlapping should be reflected in the search space generation function.
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