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1. Introduction

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

	Agreements:
· 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.
· Note: REG bundle size = REGs in frequency domain x symbols in time domain.


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

The configuration of CORESET with and without interleaving can be similar to the configuration of localized and distributed RB set in EPDCCH. In EPDCCH, REGs for higher AL of distributed mapping are selected such that the overlap between physical resources of the chosen REGs and REGs of lower AL of localized mapping can be maximized. In other words, it is to minimize the number of impacted candidates of localized mapping by one candidate from distributed mapping. This EPDCCH-like approach can also decrease the blocking probability in NR circumstances. For example, when selecting REGs for higher aggregation level in the CORESET with interleaving, selection should allow maximal overlap with candidates of lower AL of non-interleaving mapping. Then, blocking probability can be decreased as described in Figure 1 REF _Ref485339285 \h 
. In the figure, it is assumed that CCE0 and CCE1 are aggregated for an AL2 candidate.
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Figure 1: 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 which have different mapping type 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 2, 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.) By adapting REG bundle set size, it can adapt frequency diversity and reduction of blocking between interleaving and non-interleaving case. Furthermore, if REG bundle set is supported, it can be also desirable to indicate to the UE such that a UE can assume same precoder within the REG bundle set for better channel estimation. 
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Figure 2: An example of REG bundle set based interleaver
Proposal 1: REG bundle set based interleaving could be considered for decreasing blocking probability.
In order to enhance channel estimation performance of control channel, following options can be considered;
Option 1) REG bundle size of 6

In previous meeting, several companies provided simulation results for determining proper REG bundle size of NR-PDCCH. In those results, it was commonly observed that REG bundle size of 2 shows better performance in low aggregation levels (e.g., AL1, 2 and 4) because of transmit/frequency diversity gain, and bundle size of 6 provides better performance in high aggregation levels (e.g., AL4 and 8) because of channel estimation performance. In low ALs, especially AL1, bundle size of 6 cannot achieve transmit diversity gain because precoder cycling cannot be applied, and it cannot have frequency diversity gain because all REGs forming an AL1 candidate are located consecutively in time and frequency domain. Therefore, if the REG bundle size of 6 is supported, it is needed that AL specific REG bundle sizes are specified, for example, bundle size 2 and 6 are used for AL {1,2,4} and AL 8, respectively. In this case, the hierarchical structure of NR-PDCCH might be applied to AL {1,2,4} which has same bundle size. In the case of AL 8, hierarchical structure cannot be assumed, because it’s bundle size is differ from other ALs. Another method is to configure multiple CORESETs for applying suitable bundle size, each of which has different REG bundle size and ALs. However, it requires more signaling overhead. 
Option 2) Larger precoder granularity

In order to increase channel estimation performance, precoder granularity can be set to larger than REG bundle size. This option can be applied with REG bundle set based interleaving as proposed above. For example, an AL2 candidate consists of CCE0 and CCE1 in Figure 1, the UE can assume same precoding is applied on two REG bundles which are located consecutively and included in different CCEs (marked as green and purple in Figure 1). This option can provide not only diversity gain in low AL but also channel estimation accuracy in high AL, though one CORESET and one REG bundle size is configured. Considering channel estimation performance and blocking probability, it seems good approach that both REG bundle set based interleaving and larger precoder granularity are supported. 
In Appendix, we shows some simulation results for comparing performance of different bundle sizes. In these simulations, we compare agreed bundle size (i.e., 2 for 1-symbol CORESET, CORESET duration for 2,3-symbol CORESET), bundle size of working assumption (i.e., 6), and bundle size from REG bundle set based interleaving with larger precoder granularity (denoted as inter-CCE in the results). In the results, each legend represents aggregation level, bundle size in frequency and in time, i.e., ALX[YREG Bun/Zsym] in legend means frequency bundle size Y, time bundle size Z, and aggregation level of X. In the case of “inter-CCE”, it has same resource allocation with agreed bundle size in AL1, and REG bundles from different two CCEs (included in same AL2 candidate) are located consecutively in AL2, and multiple REG bundle sets (based on AL2) can form AL4 and AL8 candidate. For example, in 2-symbol CORESET case, structure of Figure 2 is applied.
According to the results, inter-CCE bundling shows better performance overall. It is because inter-CCE bundling with REG bundle set based interleaving can achieve merit of other schemes. Proposed scheme can achieve frequency diversity gain in low AL as it use same resources with agreed bundle size in AL1, and it can achieve better channel estimation performance in high aggregation level because it is similar to bundle size 6. (For example, in the case of 3-symbol CORESET, proposed scheme is same with agreed bundle size in AL1, and is same with bundle size 6 in other ALs.)
Observation 2: Larger precoder granularity (than REG bundle size) with REG bundle set based interleaving can achieve not only frequency diversity but also channel estimation accuracy. 
Proposal 2: Precoder granularity in frequency domain could be larger than REG bundle size in frequency domain.
3. Conclusion
In this contribution, we discussed some issues related to the design of NR-PDCCH.
Proposal 1: REG bundle set based interleaving could be considered for decreasing blocking probability.
Proposal 2: Precoder granularity in frequency domain could be larger than REG bundle size in frequency domain.
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5. Appendix

Table 1. Simulation parameters

	Parameters
	Values

	Carrier Frequency
	4GHz

	System Bandwidth
	10/20MHz

	Subcarrier spacing
	15kHz

	Channel coding
	Turbo

	DCI size
	36 bits (including 16bit CRC)

	Channel type
	TDL-C

	RMS delay spread
	30ns

	UE mobility
	3km/h

	Modulation order
	QPSK

	CCE Aggregation level
	AL 1, 2, 4, 8

	REGs in 1 CCE
	6

	Number of Antenna port
	1 port

	Channel estimation
	MMSE

	Allocation mode
	Distributed

	DMRS
	4DMRS per REG

	Number of control channel symbol 
	1 / 2 /3 OFDM symbol
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Figure 3. The FER performances according to the bundling size in 1symbol CORESET 

[(a): 10MHz, (b) 20MHz]
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Figure 4. The FER performances according to the bundling size in 2symbol CORESET 

[(a): 10MHz, (b) 20MHz]
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Figure 5. The FER performances according to the bundling size in 3symbol CORESET 

[(a): 10MHz, (b) 20MHz]

