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1 Introduction
In RAN1_NRAH2 meeting, agreement [1] for REG bundle was made as follows:
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

(Note: REG bundle size = REGs in frequency domain x symbols in time domain)
In this contribution, we provide our views on following issues:

1. Whether REG bundle size of 6 is supported for a CORESET with interleaving
2. Precoder granularity in frequency domain;
2 Discussion
For different channel conditions, such as different delay spread and different Doppler effect  or different SNR condition that UE suffered, there is an appropriate REG bundling size considering the tradeoff between channel estimation and transmit diversity gain. Large REG bundling size within coherent time/bandwidth is beneficial for channel estimation. However, REG bundle will reduce diversity gain due to restricting precoder cycling granularity. According to the agreement in the RAN1_NRAH2 meeting, we provide our views on whether REG bundle size of 6 is supported for a CORESET with interleaving and precoder granularity in frequency domain.
Whether REG bundle size of 6 is supported for a CORESET with interleaving
An illustration for interleaving of a 1-symbol CORESET is shown in Figure 1. Case1b has better MSE curve as the delay spread are 30ns and 300ns, but worse with delay spread of 1000ns due to severe frequency selectivity which can be seen in Figure 4. When AL is 1 or 8 and with delay spread of 30ns or 300ns, the BLER of case1b is better due to better channel estimation. However, case1b has worse performance in all ALs as the delay spread is 1000ns. For a 2 or 3 symbol CORESET with interleaving, REG bundle size means REGs in frequency domain multiply symbols in time domain. Channel variation not only depends on delay spread but also UE speed. Since delay spread and SNR region will depend on fast fading and large scale fading of the channel between UE and gNB. The REG bundle size for a CORREST with interleaving should be optimized based on different UEs. Therefore, we have the following proposal:
Proposal 1: For a CORESET with interleaving, REG bundle size of 6 is supported. 
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Figure 1: An illustration for interleaving of a 1-symbol CORESET.
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(a) Simulation results for delay spread of 30ns
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(b) Simulation results for delay spread of 300ns
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(c) Simulation results for delay spread of 1000ns
Figure 2: Simulation results of BLER and MSE
Precoder granularity in frequency domain
There has been discussion on whether to apply the same precoder across multiple REG bundles to improve the channel estimation performance in both localized resource mapping and distributed resource mapping. When a CORESET with interleaving, REG bundles are distributed in frequency domain and the correlation among each REG bundle is low.  From improving channel estimation point of view, there doesn’t seem to be any reason to assume the same precoder across multiple REG bundles. Therefore, we have following proposals

Proposal 2: For a CORESET with interleaving, UE assumes different precoders across multiple REG bundles

On the other hand, for a localized CORESET, multiple CCEs can be contiguously located in frequency-domain to maximize the beamforming gain from the subband PMI feedback. In addition to beamforming gain, it can obtain more accurate channel estimate when UE assumes the same precoder across multiple REG bundles. Therefore, we have the following proposal
Proposal 3: For a localized COREST, UE assumes the same precoder across multiple REG bundles. 
3 Conclusion
In this contribution, we evaluate whether REG bundle size of 6 is supported or not for a CORESET with interleaving and precoder granularity in frequency domain. According to the simulation results, we have following proposals:
Proposal 1: For a CORESET with interleaving, REG bundle size of 6 is supported. 

Proposal 2: For a CORESET with interleaving, UE assumes different precoders across multiple REG bundles

Proposal 3: For a localized COREST, UE assumes the same precoder across multiple REG bundles. 
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Appendix

Table 1. Link level simulation parameters

	Parameters
	Values

	Carrier frequency
	4GHz

	Channel model
	 TDL-C 30ns, 300ns, 1000ns

	System bandwidth [MHz]
	20

	Subcarrier spacing [KHz] 
	15

	UE speed
	3km/h

	Antenna configuration
	2X2

	DCI payload
	60 bits + CRC 16bits

	RS density
	1/3

	Channel estimation
	2D-MMSE

	Encoding scheme
	TBCC

	Resource mapping
	Distributed REG-to-CCE mapping

	Number of control channel symbol
	1

	CCE aggregation level
	AL 1, 2, 4, 8

	REG bundle size
	2, 6 



