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1 Introduction

In 3GPP RAN1 #89 meeting, REG-to-CCE mapping was discussed and the following agreements were achieved [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

· FFS: time-domain precoder-cycling

· Support REG bundle in time-domain being equal to 1 symbol, or;

· Support following:

· REG-to-CCE mapping is exactly same as the case where a CORESET with 1 symbol

· A PDCCH candidate can be mapped across OFDM symbols

The contribution provides the evaluation on different REG bundle sizes 2/3/6 for 2- and 3-symbol CORESET. Based on the simulation results, configurable REG bundle size and  REG bundle patterns are preferred. 
2 Simulation results on REG bundle sizes for more than 1 symbol CORESET duration
2.1 Simulation results
In order to evaluate the performance of different REG bundling sizes for 2- or 3-symbol CORESET, link level simulation was performed with simulation assumption as shown in Table 1 in Appendix. Single-port transmit diversity scheme with REG bundling for different payload sizes, different aggregation levels under different channel conditions for localized and distributed transmission are evaluated. Specifically, REG bundling in frequency and time domain with bundling size of 2, 3 and 6 in each NR-CCE in 2- and 3- symbol CORESET duration are considered. The DMRS overhead can be 1/3 and 1/6. 
For distributed transmission, precoder cycling performance with different REG bundling sizes was compared.  Two REs were used for DMRS of the single port per RBs. For DMRS density of 1/3, 2 REs are used for DMRS with power boosting, the others are empty. The different precoders from equation (1) were used for REG bundling region. 

[image: image1.wmf]þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

Î

j

j

w

1

2

1

,

1

2

1

,

1

1

2

1

,

1

1

2

1

 






 (1)

For Option1 (i.e. No interleaving), 6 REGs for a given CCE are grouped to form a REG bundle as agreed in the RAN#89 meeting. In 2- or 3-symbol CORESET,  the REG bundle patterns are given in Fig.1. Wideband precoding performance with 1 and 2 REG bundles were compared, the same precoder across multiple REG bundles is used. The rank-1 wideband precoder is based on CSI feedback, selected from the codebook in equation (1). The simulation results for 1 and 2 REG bundles with REG bundle pattern used in 2-symbol CORESET duration were depicted in Fig.2 - Fig. 4, the channel estimation is performed based on 3 and 6 REGs in frequency domain. While simulation results for 1 and 2 REG bundles with REG bundle pattern used in 3-symbol CORESET duration were depicted in Fig.5 - Fig. 7, the channel estimation is performed based on 2 and 4 REGs in frequency domain. The DMRS density is 1/3. 
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Figure 1. REG bundle patterns for 2- and 3-symbol CORESET duration
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Figure 2. Performance Comparison for different REG bundling size for Option 1, DS = 30ns.
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Figure 3. Performance Comparison for different REG bundling size for Option 1, DS = 300ns.
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Figure 4. Performance Comparison for different REG bundling size for Option 1, DS = 1000ns.
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Figure 5. Performance Comparison for different REG bundling size for Option 1, DS = 30ns.
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Figure 6. Performance Comparison for different REG bundling size for Option 1, DS = 300ns.
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Figure 7. Performance Comparison for different REG bundling size for Option 1, DS = 1000ns.
From the above simulation results, we can have
Observation 1: For 2- or 3-symbol CORESET configured with REG-to-CCE mapping without interleaving, same precoder across multiple CCEs, i.e., higher REG bundling size such as 12 REGs, will improve PDCCH performance.

For Option2 (i.e. interleaving), in 2- and 3-symbol CORESET duration, the possible REG bundle patterns are given in Fig.8.  The performance with REG bundle pattern 0 and bundle pattern 1 in 2- and 3-symbol CORESET duration was compared. The simulation results for REG bundle pattern used in 2-symbol CORESET duration were depicted in Fig.9 - Fig. 11, while simulation results for REG bundle pattern used in 3-symbol CORESET duration were depicted in Fig.12 - Fig. 14, the DMRS density is 1/3. Further simulation results for DMRS density of 1/6 can be found in Appendix.
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Figure 8. REG bundle patterns for a CORESET with 2- and 3-symbol
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Figure 9. Performance Comparison for different REG bundling size for Option 2, DS = 30ns.
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Figure 10. Performance Comparison for different REG bundling size for Option 2, DS = 300ns.
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Figure 11. Performance Comparison for different REG bundling size for Option 2, DS = 1000ns.
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Figure 12. Performance Comparison for different REG bundling size for Option 2, DS = 30ns.
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Figure 13. Performance Comparison for different REG bundling size for Option 2, DS = 300ns.
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Figure 14. Performance Comparison for different REG bundling size for Option 2, DS = 1000ns.
In addition, as discussed in [2], 1-symbol REG bundle should be supported for a CORESET with more than 1-symbol, to enable frequency-first and time-first CCE-to-REG mapping, even though for a CORESET with multiple symbols.
From the above simulation results, we can have
Observation 2: for 2- or 3-symbol CORESET configured with REG-to-CCE mapping with interleaving:
· using lower REG bundling size (REG bundle pattern 0) have finer cycling granularity, precoder cycling can obtain more diversity gain, especially for the case high SNR region; 

· using higher REG bundling size (REG bundle pattern 1), channel estimation performance can be improved, especially for the case of low SNR region;

· higher PDCCH aggregation level will benefit from larger bundling size;

Proposal 1: For Option2 in 2- and 3- symbol CORESET, the following REG bundle patterns can be configured:
· 1 symbol in time domain and {3,6} consecutive REGs in frequency domain;

· 1 symbol in time domain and {2,6} consecutive REGs in frequency domain;
· 2 symbols in time domain and 1 REG per symbol in frequency domain;

· 2 symbols in time domain and 3 consecutive REGs per symbol in frequency domain; Or 

· 3 symbols in time domain and 1 REG per symbol in frequency domain;

· 3 symbols in time domain and 2 consecutive REGs per symbol in frequency domain.

3 Conclusions

In this contribution, REG bundle sizes in frequency domain and time domain for more than 1 symbol CORESET duration was evaluated. Based on the discussion and simulation results, we have the following observations and proposals:

Observation 1: for 2- or 3-symbol CORESET configured with REG-to-CCE mapping without interleaving, same precoder across multiple CCEs, i.e., higher REG bundling size such as 12 REGs, will improve PDCCH performance.
Observation 2: for 2- or 3-symbol CORESET configured with REG-to-CCE mapping with interleaving:
· using lower REG bundling size (REG bundle pattern 0) have finer cycling granularity, precoder cycling can obtain more diversity gain, especially for the case high SNR region; 

· using higher REG bundling size (REG bundle pattern 1), channel estimation performance can be improved, especially for the case of low SNR region;

· higher PDCCH aggregation level will benefit from larger bundling size;

Proposal 1: For Option2 in 2 and 3 OFDM symbol CORESET, the following REG bundle patterns can be configured:
· 1 symbol in time domain and {3,6} consecutive REGs in frequency domain;

· 1 symbol in time domain and {2,6} consecutive REGs in frequency domain;
· 2 symbols in time domain and 1 REG per symbol in frequency domain;

· 2 symbols in time domain and 3 consecutive REGs per symbol in frequency domain; Or 

· 3 symbols in time domain and 1 REG per symbol in frequency domain;

· 3 symbols in time domain and 2 consecutive REGs per symbol in frequency domain.
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Appendix

Table 1. Link level simulation parameters
	Parameters 
	Value

	carrier frequency
	4 GHz

	Channel model 
	TDL-C

	Delay spread
	(30,300,1000)ns

	UE speed
	UE speed 3 km/h

	Antenna configuration
	2Tx at UE and 2Rx at gNB

	System Bandwidth
	10MHz

	DMRS density
	1/6 and 1/3

	DMRS Multiplexing
	FDM

	Channel estimation
	MMSE based, REG bundling if possible

	Number of OFDM symbols for of PDCCH
	1,2,3

	Subcarrier spacing
	15 kHz

	DCI size
	20 and 60 bits + 16 bit CRC

	CCE size
	6 REGs

	Channel coding 
	Polar code

	Aggregation levels
	1, 2, 4, 8

	CSI report
	Wideband rank-1 precoder report with period of 8 ms.  


Appendix
· Performance comparison for Option 2 in 2-symbol COREST, DMRS density of 1/6
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Figure 15. Performance Comparison for different REG bundling size for Option 2, DS = 30ns.
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Figure 16. Performance Comparison for different REG bundling size for Option 2, DS = 300ns.
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Figure 17. Performance Comparison for different REG bundling size for Option 2, DS = 1000ns.
· Performance comparison for Option 2 in 3-symbol COREST, DMRS density of 1/6
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Figure 18. Performance Comparison for different REG bundling size for Option 2, DS = 30ns.
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Figure 19. Performance Comparison for different REG bundling size for Option 2, DS = 300ns.
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Figure 20. Performance Comparison for different REG bundling size for Option 2, DS = 1000ns.
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