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1   Background
In RAN4#86Bis meeting, discussions on NR UE performance requirements were initiated and agreements were captured in [1] and [2]. In RAN4#87 meeting, some discussion papers on NR PDCCH demodulation requirements were submitted by companies however no discussions were carried out due to limited time budget.
In this contribution, we further analyse the demodulation requirements for NR PDCCH.

2   Discussion

Several key factors including test metrics, aggregation level, CORESET configurations, DCI format and reference receiver assumptions etc. were identified for NR PDCCH demodulation requirements at RAN4#86Bis meeting, and will be continuously discussed in this section, respectively.
2.1   Test metrics
NR PDCCH demodulation performance requirements are agreed to be introduced and the probability of miss-detection of the downlink scheduling grant i.e. SNR @ 1% of Pm-dsg could be used as test metric for NR as it is in use for LTE.  

Proposal1: Use SNR @ 1% of Pm-dsg as test metrics for NR PDCCH.
2.2   Transmission mode

There are two ways for transmission mode test. First, since NR PDCCH is transmitted over single port, 1x2 and 1x4 should be considered. Moreover, to compare with LTE, 2x2 and 2x4 should be taken into account with precoder decided by gNB. However, further discussions on how to ensure 1Tx NR performance comparable to or better than LTE and on how to apply random precoder should be carried out. We suggest to follow Annex B.4.1 in TS36.101, where goes

Single-layer transmission without a simultaneous transmission on the other antenna port, is defined by using a precoder vector 
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 the number of modulation symbols including the user-specific reference symbols (DRS), and generates a block of signals 
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 the elements of which are to be mapped onto the same physical RE but transmitted on different antenna elements:
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and according to TS36.211 Table 6.3.4.2.3-1, the precoder could be selected from codebook index 0~3 randomly.
 Table 6.3.4.2.3-1: Codebook for transmission on antenna ports 
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	Codebook index
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Observation1: Further investigate the number of transmission antennas. 
2.3   Aggregation level
Aggregation level configuration for NR PDCCH are {1, 2, 4, 8, 16}. Typical selection of aggregation level usually lies in {2, 4, 8} regarding difference distances from UE to BS. For test coverage purpose, the test case should be set as {2, 4, 8}, the same as LTE. For cell centre, medium cell area, and cell edge UE locations, the AL should be set as 2, 4 and 8 respectively.
Proposal2: Use aggregation level of 2, 4 and 8 for NR PDCCH demodulation test.
2.4   CORESET configurations
According to relevant specification, time duration of CORESET is {1, 2, 3} where 3 symbols will only be used as a side case configured by higher layer parameters so that {1, 2} symbols of CORESET should be set for test cases. Interleaved and non-interleaved CCE-to-REG mapping should be evaluated. REG bundle size is identified the same as precoder granularity so as to be assumed for test cases. 
As for CORESET BW, 24RB, 48RB and full-bandwidth CORESET transmission are taken into account. 
Proposal3: Use 1 and 2 symbol duration, 24RB, 48RB and full BW, non-interleaved and interleaved CCE-to-REG mapping and precoder granularity REG bundle size as CORESET configurations for NR PDCCH demodulation test.
2.5   DCI format
According to TS38.212, DCI format 1-0 and format 1-1 are both used for the scheduling of PDSCH, the only variable of which is Frequency domain resource assignment determined by BWP. The difference between the two DCI formats is mainly that DCI 1-1 has more complicated field. Therefore, for a better propagation condition e.g. where 2CCE aggregation level is used, DCI format 1-1 could be assumed. On the contrary, for a worse propagation condition e.g. where 8CCE aggregation level is used, DCI format 1-0 should be used due to its simple characteristic.
Given in Table 1, the number of bits used for DCI could be calculated:
For DCI 1_0, if we consider CRC scrambled by C-RNTI as given in the appendix, the payload size depends on DL BWP. If we choose the maximum RBs defined as the reference RBs as shown in Table 1,

Table 1 Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	[160]
	216
	270
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	[78]
	106
	133
	162
	217
	273

	60
	N/A
	11
	18
	24
	31
	[38]
	51
	65
	79
	107
	135


Corresponding payload size without CRC is calculated in Table 2.

Table 2 Calculated payload size without CRC
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	
	Payload
	payload
	payload
	payload
	payload
	payload
	payload
	payload
	payload
	payload
	payload

	15
	37
	39
	40
	41
	42
	[42]
	43
	44
	N/A
	N/A
	N/A

	30
	34
	37
	38
	39
	40
	[40]
	41
	42
	42
	43
	44

	60
	N/A
	34
	36
	37
	37
	[38]
	39
	40
	40
	41
	42


We can see that most payload sizes are around 40 bits without CRC. The detailed SCS and bandwidth can be further down-selected to simplify the test cases.
Proposal4: Use DCI format 1-0 and DCI format 1-1 for NR PDCCH demodulation test.
2.6   Reference receiver assumptions

MMSE should be used as the receiver assumptions.
Proposal5: Use MMSE as reference receiver assumptions.
2.7   Propagation conditions

TDL was agreed to be introduced for FR1. Detailed descriptions of TDL can be found in TS38.901 according to which TDL-A, TDL-B and TDL-C could be used under better, fair, and worse propagation conditions respectively. The carrier frequency is assumed 4GHz.
Table 3 Propagation conditions for NR PDCCH FR1

	Channel Model
	TDL-A
	TDL-B
	TDL-C

	Aggregation Level
	2CCE
	4CCE
	8CCE

	Delay Spread
	30ns
	300ns
	300ns

	Doppler Shift
	10Hz
	100Hz
	450Hz


Proposal6: Define propagation conditions for NR PDCCH demodulation performance test in FR1.
2.8   Test cases

Test cases for NR PDCCH FR1 are summarised in Table 4.
Table 4 Test cases for NR PDCCH FR1
	Test case
	Antenna config.
	AL
	SCS (kHz)
	BW (MHz)
	CORESET BW (RB)
	CORESET duration
	CCE-to-REG mapping
	DCI format

	#1
	1x2 Low
	2
	15
	10
	24
	2
	Non-interleaved
	Format 1-1

	#2
	1x2 Low
	2
	30
	20
	24
	2
	Interleaved
	Format 1-1

	#3
	1x2 Low
	2
	30
	40
	24
	2
	Interleaved
	Format 1-1

	#4
	1x2 Low
	4
	15
	10
	48
	2
	Non-interleaved
	Format 1-0

	#5
	1x2 Low
	4
	30
	20
	48
	2
	Interleaved
	Format 1-1

	#6
	1x2 Low
	4
	30
	40
	48
	2
	Interleaved
	Format 1-1

	#7
	1x2 Low
	8
	15
	10
	52
	1
	Non-interleaved
	Format 1-0

	#8
	1x2 Low
	8
	30
	20
	51
	1
	Interleaved
	Format 1-0

	#9
	1x2 Low
	8
	30
	40
	106
	1
	Interleaved
	Format 1-0

	#10
	1x4 Low
	2
	15
	10
	24
	2
	Non-interleaved
	Format 1-1

	#11
	1x4 Low
	2
	30
	20
	24
	2
	Interleaved
	Format 1-1

	#12
	1x4 Low
	2
	30
	40
	24
	2
	Interleaved
	Format 1-1

	#13
	1x4 Low
	4
	15
	10
	48
	2
	Non-interleaved
	Format 1-0

	#14
	1x4 Low
	4
	30
	20
	48
	2
	Interleaved
	Format 1-1

	#15
	1x4 Low
	4
	30
	40
	48
	2
	Interleaved
	Format 1-1

	#16
	1x4 Low
	8
	15
	10
	52
	1
	Non-interleaved
	Format 1-0

	#17
	1x4 Low
	8
	30
	20
	51
	1
	Interleaved
	Format 1-0

	#18
	1x4 Low
	8
	30
	40
	106
	1
	Interleaved
	Format 1-0


Proposal7: Define test cases for NR PDCCH demodulation performance test in FR1.
3   Conclusion
In this contribution, we analyses test cases for NR PDCCH demodulation performance requirements.
Proposal1: Use SNR @ 1% of Pm-dsg as test metrics for NR PDCCH.

Observation1: Further investigate the number of transmission antennas. 
Proposal2: Use aggregation level of 2, 4 and 8 for NR PDCCH demodulation test.
Proposal3: Use 1 and 2 symbol duration, 24RB, 48RB and full BW, non-interleaved and interleaved CCE-to-REG mapping and precoder granularity REG bundle size as CORESET configurations for NR PDCCH demodulation test.
Proposal4: Use DCI format 1-0 and DCI format 1-1 for NR PDCCH demodulation test.
Proposal5: Use MMSE as reference receiver assumptions.
Proposal6: Define propagation conditions for NR PDCCH demodulation performance test in FR1.

Table 3 Propagation conditions for NR PDCCH FR1

	Channel Model
	TDL-A
	TDL-B
	TDL-C

	Aggregation Level
	2CCE
	4CCE
	8CCE

	Delay Spread
	30ns
	300ns
	300ns

	Doppler Shift
	10Hz
	100Hz
	450Hz


Proposal7: Define test cases for NR PDCCH demodulation performance test in FR1.
Table 4 Test cases for NR PDCCH FR1

	Test case
	Antenna config.
	AL
	SCS (kHz)
	BW (MHz)
	CORESET BW (RB)
	CORESET duration
	CCE-to-REG mapping
	DCI format

	#1
	1x2 Low
	2
	15
	10
	24
	2
	Non-interleaved
	Format 1-1

	#2
	1x2 Low
	2
	30
	20
	24
	2
	Interleaved
	Format 1-1

	#3
	1x2 Low
	2
	30
	40
	24
	2
	Interleaved
	Format 1-1

	#4
	1x2 Low
	4
	15
	10
	48
	2
	Non-interleaved
	Format 1-0

	#5
	1x2 Low
	4
	30
	20
	48
	2
	Interleaved
	Format 1-1

	#6
	1x2 Low
	4
	30
	40
	48
	2
	Interleaved
	Format 1-1

	#7
	1x2 Low
	8
	15
	10
	52
	1
	Non-interleaved
	Format 1-0

	#8
	1x2 Low
	8
	30
	20
	51
	1
	Interleaved
	Format 1-0

	#9
	1x2 Low
	8
	30
	40
	106
	1
	Interleaved
	Format 1-0

	#10
	1x2 Low
	2
	15
	10
	24
	2
	Non-interleaved
	Format 1-1

	#11
	1x2 Low
	2
	30
	20
	24
	2
	Interleaved
	Format 1-1

	#12
	1x2 Low
	2
	30
	40
	24
	2
	Interleaved
	Format 1-1

	#13
	1x2 Low
	4
	15
	10
	48
	2
	Non-interleaved
	Format 1-0

	#14
	1x2 Low
	4
	30
	20
	48
	2
	Interleaved
	Format 1-1

	#15
	1x2 Low
	4
	30
	40
	48
	2
	Interleaved
	Format 1-1

	#16
	1x2 Low
	8
	15
	10
	52
	1
	Non-interleaved
	Format 1-0

	#17
	1x2 Low
	8
	30
	20
	51
	1
	Interleaved
	Format 1-0

	#18
	1x2 Low
	8
	30
	40
	106
	1
	Interleaved
	Format 1-0
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