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Introduction
[bookmark: _GoBack]In RAN1 NR Ad-Hoc#2, there were agreements on REG bundle size for distributed NR-PDCCH which include 2, 3, and 6 (working assumption) depending on the CORESET duration [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



In this contribution, we investigate whether the REG bundle size of 6 is necessary or not for distributed NR-PDCCH based on simulations. In addition, the need of wideband DMRS and the REG interleaving pattern are discussed together.

Discussion
REG bundle size for distributed NR-PDCCH
In this section, the performance of the distributed NR-PDCCH for the following three cases is compared:
· Case 1: Narrowband RS, REG bundle size = 2 or 3
· Case 2: Narrowband RS, REG bundle size = 6
· Case 3: Wideband RS, REG bundle size = 6
The simulation parameters are described in Appendix A. For the transmit diversity scheme, precoder cycling with 4 different precoders was applied. For DMRS overhead, 4 REs per REG was assumed. Further discussions on the DMRS overhead and pattern can be found in our companion contribution [2]. The DCI payload size was set to 20 bits targeting the common or group-common search space.
Fig. 1, 2, and 3 show the BLER performance of the distributed PDCCH with TDL-C 30ns and 300ns delay scalings for 1-symbol, 2-symbol, and 3-symbol CORESET, respectively. Although the CORESET durations for the three figures are different, the performance trends are very similar to each other, from which some observations are drawn in the following.
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(a) TDL-C 30ns                                 (b) TDL-C 300ns
Fig. 1. BLER of distributed PDCCH for 1-symbol CORESET
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 (a) TDL-C 30ns                                 (b) TDL-C 300ns
Fig. 2. BLER of distributed PDCCH for 2-symbol CORESET
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(a) TDL-C 30ns                                 (b) TDL-C 300ns
Fig. 3. BLER of distributed PDCCH for 3-symbol CORESET
Case 1 vs. Case 2
First, the performances of Case 1 and Case 2 are compared to see the effect of the REG bundle size when the narrowband RS is applied. By looking at the case of 1-symbol CORESET in Fig. 1, it is observed that the performance of Case 2 is degraded by 3~5dB and 2dB for CCE aggregation level 1 and 2, respectively, compared to Case 1. For CCE aggregation level 4, the performances of Case 1 and Case 2 are comparable. For CCE aggregation level 8, Case 2 outperforms Case 1 by up to 0.5dB. The trends are similar for 2- and 3-symbol CORESETs.
From the observations, it can be seen that only the highest CCE aggregation level is favorable to the REG bundle size of 6 and the gain is not very significant. Therefore, it seems difficult to justify the necessity of the REG bundle size of 6 for the narrowband RS.
Observation 1: Only the CCE aggregation level 8 is favorable to REG bundle size of 6 and the gain is up to 0.5dB. Meanwhile, there is a significant performance loss with REG bundle size of 6 for low CCE aggregation levels.
Proposal 1: Only the REG bundle size of 2 and 3 is supported for distributed NR-PDCCH using narrowband RS.

Case 1 vs. Case 3
Next, the performances of Case 1 and Case 3 are compared to see the effect of the wideband RS. By looking at Fig. 1 again, it is observed that Case 3 outperforms Case 1 for all CCE aggregation levels and channel delay spreads. The performance gain is up to 1dB for 30ns delay scaling with CCE aggregation level 4 and 8, and is around 0.5dB for the remaining cases under the 1/3 DMRS overhead assumption. Although not shown in this paper, the performance gain of the larger REG bundle size based on the wideband RS increases as the DMRS overhead gets smaller.
Observation 2: The REG bundle size of 6 based on wideband DMRS always outperforms the REG bundle size of 2 or 3 based on narrowband DMRS under 1/3 DMRS overhead. The gain is from 0.5dB to 1dB depending on the CCE aggregation level and the channel delay spread.

Another consideration point in the design of the PDCCH DMRS type and pattern is its relation with the PDSCH DMRS. As discussed in [2], it is beneficial that at least one DMRS pattern is shared by the PDCCH and the PDSCH in terms of DMRS interference coordination. Also, the possibility of reusing the PDCCH DMRS for PDSCH demodulation needs to be considered for the URLLC transmission. If only the narrowband DMRS is supported for the PDCCH, then these conditions may difficult to be satisfied. Thus, it is proposed to support wideband DMRS for the NR-PDCCH as well. The detailed conditions can be further discussed.
Observation 3: Wideband DMRS for PDCCH can support inter-cell RS interference coordination and the DMRS sharing by the PDCCH and the PDSCH demodulations.
Proposal 2: Wideband DMRS is supported for NR-PDCCH.
Proposal 3: For wideband DMRS, the REG bundle size of 6 or a larger value is supported.

REG interleaving pattern
The distributed NR-PDCCH is implemented by the frequency domain permutation of REGs within a CORESET. Under the time-first CCE-REG mapping, this problem is simplified as 1-dimensional REG bundle-level interleaving.
Regarding the interleaving pattern, the baseline can be a pseudo-random interleaver. However, the pseudo-random pattern does not guarantee the distributed mapping for all CCEs or PDCCH candidates. Some CCEs or aggregated CCEs may not be sufficiently spread in the frequency domain but localized to a certain subband, which may decrease the frequency diversity gain for some PDCCHs. Therefore, it is proposed to apply the subblock interleaver in the REG bundle-level interleaving. A simple example of the REG bundle-level subblock interleaving is shown in Fig. 4 where the subblock size of 6 is assumed. If inter-cell interference randomization is thought to be important, an irregular mapping pattern within or across the subblocks can be considered.



Fig. 4. REG bundle-level subblock interleaver (subblock size = 6)

On the other hand, in the case where the wideband DMRS is applied (if supported), the pseudo-random interleaver may perform even worse since the spatial diversity gain as well as the frequency diversity gain cannot be obtained in the worst case due to the wideband precoder cycling. The subblock interleaver can be an alternative in this case as well. Detailed discussions and simulation results can be found in [3].
Observation 4: Pseudo-random interleaver may not guarantee good frequency or spatial diversity gains for some CCEs or aggregated CCEs.
Proposal 4: Subblock interleaver is applied for distributed NR-PDCCH for both narrowband RS and wideband RS (if supported).
Proposal 5: The Subblock size for the subblock interleaver can be configured as a CORESET parameter.

Conclusion
In this contribution, we discussed remaining issues on the REG bundle size, the DMRS type, and the interleaving pattern for the distributed NR-PDCCH, from which the following observations and proposals are derived:
Observation 1: Only the CCE aggregation level 8 is favorable to REG bundle size of 6 and the gain is up to 0.5dB. Meanwhile, there is a significant performance loss with REG bundle size of 6 for low CCE aggregation levels.
Proposal 1: Only the REG bundle size of 2 and 3 is supported for distributed NR-PDCCH using narrowband RS.
Observation 2: The REG bundle size of 6 based on wideband DMRS always outperforms the REG bundle size of 2 or 3 based on narrowband DMRS under 1/3 DMRS overhead. The gain is from 0.5dB to 1dB depending on the CCE aggregation level and the channel delay spread.
Observation 3: Wideband DMRS for PDCCH can support inter-cell RS interference coordination and the DMRS sharing by the PDCCH and the PDSCH demodulations.
Observation 4: Pseudo-random interleaver may not guarantee good frequency or spatial diversity gains for some CCEs or aggregated CCEs.
Proposal 4: Subblock interleaver is applied for distributed NR-PDCCH for both narrowband RS and wideband RS (if supported).
Proposal 5: The Subblock size for the subblock interleaver can be configured as a CORESET parameter.
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Appendix A: Link-level evaluation assumptions

Table 1. Link-level simulation parameters
	Parameter
	Value

	Carrier frequency
	4 GHz

	Subcarrier spacing
	15 kHz

	System bandwidth
	20 MHz

	Channel
	TDL-C, 30 and 300 ns

	Antenna configuration
	2x2

	UE mobility
	3 km/h

	CORESET size
	96 PRBs, 1~3 OFDM symbols

	DCI payload size
	20 bits (+ 16 bits CRC)

	Channel coding
	TBCC

	Channel estimation
	MMSE estimation + linear interpolation

	DMRS overhead
	4 REs per REG (1/3 overhead)
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