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1. Introduction
In previous RAN1 meeting, agreements related to interleaver and precoder granularity were made as follows;
	Agreements:
· NR support the following interleaver
· The number of rows A configured from {2, 3, and 6}, and the number of columns (P/A), where P is the number of interleaving unit for the given CORESET, and write in the row and read in the column
· No any further permutation is introduced
· Cyclic shift of the interleaving unit is applied based on the configurable ID which is independent parameter from the configurable ID for DMRS

Agreements:
· Confirm the WA with the following clarifications:
· For each CORESET, precoder granularity in frequency domain is:
· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET
· For ii), DMRS is mapped over all REGs within CORESET
· RAN1 assumes that CORESET for PDCCH scheduling RMSI can be configured with Option i)
· In Option ii) UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped

Agreements:
· DMRS sequence is a Gold sequence as in LTE
· Note: in case if new Gold sequence is introduced for NR, this would be revisited
· DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain
· FFS the reference point


In this contribution, we discuss aggregation level for decreasing blocking probability, and operation for wideband RS when the CORESET is overlapped with RMSI CORESET.

2. Discussions 
2.1. Resource unit alignment for blocking avoidance
In NR, multiple CORESETs can be configured to a UE for flexible operation, and overlap between CORESETs is also supported for higher resource utilization. Blocking between overlapped CORESETs could occur when different CCE-to-REG mappings are applied to the CORESETs or resource unit boundary between the CORESETs is not aligned. In these cases, a candidate of an aggressor CORESET can block multiple CCEs (or candidates) in a victim CORESET, and it causes low resource utilization in a victim CORESET. In [1], the aggregation level set of {1, 3, 6, 12} was proposed to align resource unit boundaries of overlapped CORESETs. For example, if 1 OS localized CORESET is overlapped with 3 OS localized CORESET, aggregation level set of {1, 3, 6, 12} can be adopted to 3 OS CORESET to align resource unit boundaries between AL1 candidate of 1 OS CORESET and AL3 candidate of 3 OS CORESET. In the contribution, the aggregation level set of {1, 3, 6, 12} is proposed only for 3 OS localized CORESET, because a high aggregation level candidate consists of consecutive REGs in localized mapping and the ratio of REG bundle sizes in frequency between 1 (and 2) OS CORESET and 3 OS CORESET is multiple of 3. However, according to current agreements, similar operation can also be applied to a distributed CORESET, because the block interleaver was agreed in previous meeting as an interleaver of a distributed CORESET. Figure 1 shows an example of a blocking between 1 OS localized CORESET and 3 OS distributed CORESET, and the number marked on each REG represents CCE index. As shown in the Figure 1(a), an AL 4 candidate of 3 OS CORESET can block 2 CCEs in 1 OS CORESET because of misalignment of resource unit boundary. 
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Figure 1. Blocking between 1 OS localized CORESET and 3 OS distributed CORESET
Table 1 shows REG bundle sizes in frequency of each CORESET duration. In this table, AL {1, 3, 6, 12} can be adopted to some combinations of CORESETs when the CORESETs are overlapped. For example, if two CORESETs with different REG bundle sizes are overlapped, and the ratio of two different REG bundle sizes is not equal to 2, then AL {1, 3, 6, 12} can be used to a CORESET with small REG bundle size. If the ratio is equal to 2, AL {1, 2, 4, 8} is proper choice for aligning resource unit boundary. This operation can decrease blocking probability between overlapped CORESETs. Therefore, it is desirable that a gNB configures a proper AL set for each CORESET considering REG bundle sizes of overlapped CORESETs.
	
	1 OS CORESET
	2 OS CORESET
	3 OS CORESET

	
	Localized
	Distributed
	Localized
	Distributed
	Localized
	Distributed

	REG bundle size in frequency
	6
	2
	6
	3
	1
	3
	2
	1
	2


Table 1. REG bundle size in frequency of each CORESET duration (in RB)
Proposal 1: The aggregation level of {1, 3, 6, 12} can be configured for a set of search spaces.

2.2. Reference signal
Regarding the reference signal, it was agreed that DMRS sequence is a Gold sequence as in LTE, and DMRS sequence for NR-PDCCH is obtained according to a reference point in frequency domain. The remaining issue is the reference point of DMRS sequence generation. The straightforward way is that DMRS sequence is generated in each CORESET, for example, the lowest REG in a CORESET can be regarded as a reference point. However, in our view, the overlap between different CORESETs (which have different precoder granularity) should be considered for a reference point of DMRS sequence in frequency domain. For example, if DMRS sequence is generated in each CORESET, and if a CORESET with larger precoder granularity and a CORESET with smaller precoder granularity (i.e., REG bundle size in frequency) are overlapped, it is ambiguous that which RS sequence is used on overlapped region. Figure 2 shows this example, and larger precoder granularity means that precoder granularity of the CORESET is equal to the number of contiguous RBs in the frequency domain within the CORESET. Because it can be assumed that DMRS is present in all REGs within the set of contiguous RBs of the CORESET#0 where and when at least one REG of a candidate is mapped, two RS sequences are multiplexed on CORESET#1 region in this example even when there is no actual transmission on overlapped region from CORESET#0. This impacts on channel estimation performance of both CORESETs. To solve this problem, we propose that DMRS sequence for NR-PDCCH (at least, for a CORESET signalled by UE-specific higher layer signaling) is obtained according to a PRB#0 which is indicated by RMSI. Regarding the RMSI CORESET, a lowest REG can be used as a reference point in frequency domain because a UE can acquire PRB#0 from RMSI. In addition, the PRB#0 based DMRS sequence generation may facilitate control/data DMRS sharing, because the DMRS sequence is commonly generated.
[image: ]
Figure 2. Overlap between CORESETs which have different precoder granularities
Proposal 2: Regarding the RS sequence;
· RS sequence for RMSI CORESET is generated locally assuming initial DL BWP length.
· RS sequence for other CORESET is generated based on common PRB indexing.


3. Conclusion
In this contribution, we discuss resource unit alignment for blocking avoidance and reference point of NR-PDCCH DMRS, and followings are proposed;
Proposal 1: The aggregation level of {1, 3, 6, 12} can be configured for a set of search spaces.
Proposal 2: Regarding the RS sequence;
· RS sequence for RMSI CORESET is generated locally assuming initial DL BWP length.
· RS sequence for other CORESET is generated based on common PRB indexing.
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(a) Blocked CCEs by AL4 candidate (b) Blocked CCE by AL6 candidate
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