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1. Introduction

In RAN1#89 meeting, following agreements and working assumptions were made on NR PDCCH. [1]:

	Agreements:
· CCE = 6 REGs (confirm Working Assumption)

· One of following is configured for REG-to-CCE mapping for a 1-symbol CORESET:

· Opt.1: No interleaving – 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are consecutive

· CCE(s) of one PDCCH is/are also consecutive

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· FFS: down selection among {2}, {3}, {2,3}, {2,6}, {3,6}, {2,3,6}
· Note: UE can assume the same precoder within a REG bundle

· For REG-to-CCE mapping for a CORESET with more than 1-symbol;

· REG bundle is defined in time and frequency-domain

· At least support following:

· Time-first mapping where one of the following is configured

· Support REG bundle in time-domain being equal to the CORESET semi-statically configured time duration

· Opt.1: Non interleaving - 6 REGs for a given CCE are grouped to form a REG bundle and all REGs for a given CCE are time and frequency localized

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Opt.2: Interleaving – [2 or 3 or 6] REGs for a given CCE are grouped to form a REG bundle and REG bundles are interleaved in the CORESET

· FFS: Whether the UE can assume the same precoder across multiple REG bundles

· Confirm working assumption:

· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH

Working assumptions:
· For a time-duration of a CORESET:

· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs

· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs

· FFS: X values, Other time duration, Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling, restriction in the certain conditions


Based on these agreements and working assumptions, we discuss some issues related to the design of NR-PDCCH in this contribution.
2. Discussion

In RAN1 #89 meeting, it was agreed that the number of REGs per CCE would be 6 and the REG-to-CCE mapping would be done with or without interleaving. The REG bundle size was agreed to be 6 for the REG-to-CCE mapping without interleaving, however, it is not yet determined for the REG-to-CCE mapping with interleaving for both 1-symbol and multi-symbol CORESET.
For 1-symbol CORESET with interleaving, the bundle size can be configurable between 2, 3. The BLER performance gap between the cases when the bundle size is 2 and 3 seems not that much. However, the flexibility in the bundling size can be effective for decreasing the blocking probability. For example, if 1-symbol CORESET with interleaving is overlapped with 2-symbol and 3-symbol CORESET without interleaving, the bundle size for 1-symbol CORESET should be 2 and 3 respectively in order to decrease the blocking probability. Figure 1 shows an example of blocking scenarios according to whether the bundle sizes of different CORESETs are aligned or not. The configuration for a CORESET would be semi-statically done by higher layer signaling, therefore, signaling overhead for configuring the bundle size would not have much impact.
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Figure 1: An example of blocking scenarios
Supporting the bundle size 6 seems not necessary for 1-symbol CORESET with interleaving. It shows definite performance gain only when the high aggregation level (e.g., 8) which has fewer candidates than low aggregation level (e.g., 1, 2) is applied and the delay spread is low. On the other hand, performance gain with frequency diversity with low AL is diminished. To achieve benefits of both approaches, we can consider REG bundle size of 2 or 3 within a CCE and possibly 4 or 6 across CCEs. 

Proposal 1: For 1-symbol CORESET with interleaving, the bundling size within a CCE can be configurable between 2 and 3.
The configuration of CORESET with and without interleaving is similar to the configuration of localized and distributed RB set in EPDCCH. In EPDCCH, the REGs forming a higher aggregation level candidate in distributed RB set come from the REGs forming a lower aggregation level in localized RB set in order to lower the blocking probability when the RB sets are overlapped. This EPDCCH-like approach can also decrease the blocking probability in NR circumstances. For example, the REGs forming a higher aggregation level candidate in the CORESET with interleaving come from the REGs forming a lower aggregation level candidate in the CORESET without interleaving. Then, blocking probability can be decreased as described in Figure 2 REF _Ref485339285 \h 
.
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Figure 2: An example of decreasing the blocking probability in 3-symbol CORESET
Observation 1: EPDCCH-like approach is needed to form a higher aggregation level candidate in the CORESET with interleaving in order to decrease the blocking probability when the CORESETs are overlapped.
REG bundle set based interleaver can be used to implement the EPDCCH-like approach mentioned above. Basically, CCEs and REGs would be sequentially indexed in the logical domain. Then, logical-to-physical mapping would be determined according to the interleaving which distributes the REGs comprising CCE into physical domain. The interleaving can be conducted with the unit of REG bundle set which consists of multiple REG bundles from different CCEs. In Figure 3, two REG bundles from different CCEs correspond to a REG bundle set and the block interleaver is applied to the REG bundle set index. With this approach, REG bundle set can be evenly distributed within the CORESET in physical domain. (If we apply a column permutation for the block interleaver, REG bundle set can be randomly distributed within the CORESET in physical domain.) If we construct a hierarchical structure for search space with this interleaver, blocking probability can be decreased.
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Figure 3: An example of REG bundle set based interleaver
Proposal 2: REG bundle set based interleaving is supported.
3. Conclusion
In this contribution, we discussed some issues related to the design of NR-PDCCH.
Proposal 1: For 1-symbol CORESET with interleaving, the bundling size within a CCE can be configurable between 2 and 3.

Observation 1: EPDCCH-like approach is needed to form a higher aggregation level candidate in the CORESET with interleaving in order to decrease the blocking probability when the CORESETs are overlapped.

Proposal 2: REG bundle set based interleaving is supported.
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