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1. Introduction

At the RAN4 #86bis meeting, the following open issues on NR PDCCH demodulation were listed in [1].
	· PDCCH 
· Test metrics

· Aggregation level

· CORESET configuration

· DCI format (number of bits)

· Reference receiver assumptions


But at the RAN4 #87 meeting, unfortunately there was no agreement on NR PDCCH requirements. In this contribution, we provide our views on NR PDCCH demodulation requirements. The initial evaluation results are shown in our companion contribution [2].
2. Discussion
First of all, the following features are mandatory with/without capability signaling for NR PDCCH [3]. Thus, at least the following features shall be sufficiently verified in NR PDCCH demodulation requirements. 

Table 1. mandatory features related to NR PDCCH
	3-1
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0
· CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1

· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2

· For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

· REG-bundle sizes of 2/3 RBs or 6 RBs

· Interleaved and non-interleaved CCE-to-REG mapping

· Precoder-granularity of REG-bundle size 

· PDCCH DMRS scrambling determination

· Single TCI state for a CORESET configuration

2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell

· PDCCH aggregation levels 1, 2, 4, 8, 16

· For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
· For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, the monitoring occasion can be any OFDM symbol(s) of a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1

4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD

6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
	Mandatory without capability signaling

	3-1’
	For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 3 OFDM symbols for FR2
	
	Mandatory with capability signaling

	3-4
	More than one TCI state configurations per CORESET
	
	Mandatory with capability signaling which shall be set to ‘1’


2.1. Test metric
Similar to LTE, performance for NR PDCCH shall be specified to ensure basic PDCCH reception functionality for DL PDSCH scheduling grants. The same metric with LTE could be reused for NR PDCCH, i.e. SNR@1% of Pm-dsg.

Proposal 1: For eMBB, test metric for NR PDCCH is SNR@1% of Pm-dsg. Lower percentile, e.g. 0.1% or lower, could be considered for URLLC in future.

2.2. Aggregation level

For NR PDCCH, the set of aggregation level is {1, 2, 4, 8, 16}, and {2, 4, 8} would be the most likely values in the real deployment. However, all values are mandatory without capability [3], thus for future proof any prioritization should not be taken in NR PDCCH requirements.

Proposal 2: All aggregation levels {1, 2, 4, 8 ,16} shall be verified in NR PDCCH requirements. 
2.3. CORESET configuration
Since COREST can be spanned to 1-3 OFDM symbols in FR1, it is natural to specify the NR PDCCH requirements assuming COREST spanned to up to 3 OFDM symbols. On the other hand, in FR2, COREST could be spanned to 1-3 OFDM symbols for limited search space, i.e., type 1 CSS (configured by ra-SearchSpace) without dedicated RRC configuration and for type 0 (configured by searchSpaceZero (in MIB) or by searchSpaceSIB1), 0A (configured by searchSpace-OSI), and 2 CSS (configured by pagingSearchSpace). Test setup for those search spaces and DCIs would be difficult since NW cannot know whether UE correctly detects such DCIs or not. In FR2, however, 3 OFDM symbols can be configured for type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS if UE has capability (Note that this is mandatory with capability). For other types, CORESET can be spanned to 1-2 OFDM symbols. If RAN4 focuses on up to 2 OFDM symbols as CORESET duration in FR2, the functionalities and performances of NR PDCCH spanned to 3 OFDM symbols for its capable UE cannot be ensured. Therefore, NR PDCCH requirements with CORESET configuration spanned to up to 3 OFDM symbols shall be specified in not only FR1 but also FR2.
Proposal 3: In both FR1 and FR2, NR PDCCH demodulation requirements with CORESET configuration spanned to {1, 2 and 3} OFDM symbols shall be specified. 
2.4. DCI format (number of bits)
In Rel.8 LTE, the size of DCI format is stable except for frequency domain resource assignment. Thus, it is easy to calculate the bit size of DCI format. For NR, the size of DCI format 1_0 is stable (28 bits + frequency domain assignment), but the size of DCI format 1_1 is significantly variable according to the size of Time domain resource assignment, PDSCH-to-HARQ_feedback timing indicator, CBG transmission information (CBGTI), etc. Thus, before calculating actual bit size, high level principle needs to be discussed to ensure the test coverage of this DCI format. Since all of the bits are not associated with mandatory features, e.g., up to 8 bits can be used for CBGTI, but CBG-based re-transmission for DL using CBGTI (feature 5-22 in [3]) is optional feature. The bit size of those optional features can be set to 0 bit, but the bit size of other mandatory features cannot be set to 0 bit. In order to maximize the test coverage of DCI format 1_1, one potential option is that the bit size for the requirements is set to the maximum number within the set of bit sizes when all of mandatory features in DCI format 1_1 are turned on.
Proposal 4: The bit size of DCI format 1_0 and 1_0 except for frequency domain resource assignment is as follows.

· For DCI format 1_0: 28 bits 

· For DCI format 1_1: Maximum number within the set of bit sizes when all of mandatory features in DCI format 1_1 are turned on.
The same principle can be applied for DCI format 0_0 and 0_1.
Proposal 5: The bit size of DCI format 0-0 and 0-1 except for frequency domain resource assignment (and padding bits if any) is as follows.

· For DCI format 0_0: 21 bits 

· For DCI format 0-1: Maximum number within the set of bit sizes when all of mandatory features in DCI format 1_1 are turned on.
2.5. Receiver assumption

In Rel.8 LTE, the baseline receiver for PDCCH requirements is MMSE receiver. On top of that, in Rel.13 LTE, the PDCCH requirements for MMSE-IRC receiver were specified. For NR PDCCH, the reference receiver assumption shall be at least the same as Rel.13 LTE, i.e. MMSE-IRC. 
Proposal 6: Reference receiver for NR PDCCH requirements is MMSE-IRC receiver. 


· FFS: Introduction of requirement with multiple cells
2.6. Other features
As shown in Table 1, the following features are mandatory without capability.

· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD

· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD

Those features means that UE can both DL grant and UL grant(s) in a slot if those are transmitted for the network. Especially for FR2, those features are very beneficial since the opportunity to transmit DL/UL grants may be limited due to analog beam forming. Therefore, above UE functionalities shall be verified in NR PDCCH requirements.

Proposal 7: The following functionalities shall be verified in NR PDCCH requirements.
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD

· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
3. Conclusion
In this contribution, we discuss the remaining issues on TDD configuration for REFSENS requirements. Our proposals are summarized below.
Proposal 1: For eMBB, test metric for NR PDCCH is SNR@1% of Pm-dsg. Lower percentile, e.g. 0.1% or lower, could be considered for URLLC in future.

Proposal 2: All aggregation levels {1, 2, 4, 8 ,16} shall be verified in NR PDCCH requirements. 
Proposal 3: In both FR1 and FR2, NR PDCCH demodulation requirements with CORESET configuration spanned to {1, 2 and 3} OFDM symbols shall be specified. 
Proposal 4: The bit size of DCI format 1_0 and 1_0 except for frequency domain resource assignment is as follows.

· For DCI format 1_0: 28 bits 

· For DCI format 1_1: Maximum number within the set of bit sizes when all of mandatory features in DCI format 1_1 are turned on.
Proposal 5: The bit size of DCI format 0-0 and 0-1 except for frequency domain resource assignment (and padding bits if any) is as follows.

· For DCI format 0_0: 21 bits 

· For DCI format 0-1: Maximum number within the set of bit sizes when all of mandatory features in DCI format 1_1 are turned on.
Proposal 6: Reference receiver for NR PDCCH requirements is MMSE-IRC receiver. 


· FFS: Introduction of requirement with multiple cells
Proposal 7: The following functionalities shall be verified in NR PDCCH requirements.

· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD

· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
Finally, the potential test cases considering above proposals are described in Table 2 and 3 in Annex.

Proposal 8: Adopt test cases described in Table 2 and 3 in Annex.
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Annex
Potential list of NR PDCCH requirements is as follows.
Table 2. Potential test cases in FR1 (FDD and TDD)
	
	Test case #1
	Test case #2
	Test case #3
	Test case #4
	Test case #5
	Test case #6

	DCI Format
	1_0
	1_0
	1_1
	1_0
	1_1
	1_1

0_1 for FDD

0_0 / 0_1 for TDD

	Aggregation Level
	1
	2
	4
	8
	16
	4

	SCS (KHz)
	30
	15
	15
	30
	30
	30

	UE CC BW
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	CORESET BW
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	CORESET Duration in time
	2
	3
	2
	1
	1
	1

	REG-bundle sizes
	2
	3
	2
	6
	6
	6

	CCE-to-REG Mapping
	Interleaved
	Interleaved
	Interleaved
	Non Interleaved
	Non Interleaved
	Non Interleaved

	Tx ports
	2Tx
	2Tx
	4Tx
	4Tx
	8Tx
	8Tx

	Rx ports
	Both 2Rx and 4Rx

	Propagation conditions
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Reference receiver
	MMSE-IRC


Table 3. Potential test cases in FR2 (TDD)
	
	Test case #1
	Test case #2
	Test case #3
	Test case #4
	Test case #5
	Test case #6

	DCI Format
	1_0
	1_0
	1_1
	1_0
	1_1
	1_1

0_1 for FDD

0_0 / 0_1 for TDD

	Aggregation Level
	1
	2
	4
	8
	16
	4

	SCS (KHz)
	120
	60
	60
	120
	120
	120

	UE CC BW
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	CORESET BW
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	CORESET Duration in time
	2
	3
	2
	1
	1
	1

	REG-bundle sizes
	2
	3
	2
	6
	6
	6

	CCE-to-REG Mapping
	Interleaved
	Interleaved
	Interleaved
	Non Interleaved
	Non Interleaved
	Non Interleaved

	Tx ports
	1Tx
	1Tx
	2Tx
	2Tx
	2Tx
	2Tx

	Rx ports
	2Rx

	Propagation conditions
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS

	Reference receiver
	MMSE-IRC
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