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1 Introduction
In RAN4#86bis the discussion on NR UE performance requirements were started. The DL control channels are PDCCH and PBCH. In RAN4#86bis [1] it was agreed to introduce requirements for PDCCH demodulation and requirements for PBCH were FFS. In RAN4#87 the work plan for NR UE performance requirements were agreed [2]. In this paper we discuss DL control channel demodulation requirements. 
2 PDCCH demodulation performance requirements
For PDCCH demodulation it was agreed to introduce tests to define requirements to test performance of downlink scheduling grant reception. Based on approved work plan for UE performance requirements [2], PDCCH demodulation requirements shall be define in Phase 1, targeted completion Aug 2018.
The open items to be addressed for PDCCH tests are:
· Test metrics
· Aggregation level
· CORESET configuration
· DCI format (number of bits)
· Reference receiver assumptions
2.1 Test Metrics
Performance requirements for NR PDCCH shall be introduced to verify basic PDCCH reception functionality for DL PDSCH scheduling grants. The metric used to verify PDCCH performance would be similar to LTE – SNR @ x% of Pm-dsg. The requirement shall be set at 1% Pm-dsg as a baseline and applicable to eMBB use cases.
Proposal #1: Requirements for PDCCH shall be based on probability of miss-detection of downlink scheduling grant (Pm-dsg); SNR @ 1% Pm-dsg
2.2 Reference UE receiver assumptions
For PDCCH performance requirements the baseline receiver assumption for PDCCH shall be LMMSE. 
Proposal #2: The PDCCH performance requirements shall be derived based on LMMSE receiver 
2.3 Key Features
The performance tests defined for PDCCH shall tests the following key features:
· DCI Formats: DCI Format 1_0 and Format 1_1 are for DL scheduling and shall be used for defining PDCCH performance requirements. The reception of the DCI format 2_1 can be verified as a part of PDSCH demodulation tests (e.g. with DL preemption indication) in case such requirements are introduced. The reception of DCI format 2_0 shall not be tested as dynamic TDD is not tested in Rel-15.
· Search Space: In NR there are several search space types for common search space – Type 0, Type 0A, Type 1, Type 2, Type 3 and UE specific search space. Performance tests shall be defined to cover UE specific search space and Common search space with Type 1, Type 3 as they are associated with DL scheduling.
· CCE-to-REG Mapping: In NR PDCCH Interleaved and non-interleaved CCE-to-REG mapping are defined. Tests shall be defined to test PDCCH performance with both types of mapping.
· Aggregation Level: Possible aggregation levels for NR CCEs are {1, 2, 4, 8, 16}. Tests shall be defined to test all defined ALs.
· CORESET Configuration: Different CORESET duration in time and frequency are possible in NR. In frequency they can be contiguous or non-contiguous and in time could be 1 or more symbols. Tests shall be defined to test a combination of different CORESET configurations
Proposal #3: Define NR UE PDCCH demodulation performance requirements for the following set of features: DCI Formats, Search Space configurations, CCE-to-REG mapping, Aggregation levels, CORESET configurations
PDCCH is transmitted on single layer and the transmission scheme for PDCCH could be defined based on the PDCCH transmission such as REG bundle size, wideband DMRS precoding. The feasible options for PDCCH transmission are precoder cycling and small delay CDD. The chosen transmission scheme shall affect PDCCH performance based on propagation channel conditions and PDCCH transmission parameters. Based on this we propose to use single antenna port transmission for at least initial PDCCH performance requirements definition.
Proposal #4: Use single port transmission for at least initial PDCCH demodulation performance requirements 
2.4 Test cases for PDCCH
In Table 2 and Table 3 below we propose test parameters for PDCCH test cases in FR1 and FR2 respectively. The propagation channels for NR UE demodulation requirements are being discussed. . The propagation conditions for FR1 and FR2 are based on recommendation for propagation channels in [3]. The propagation channels in Table 1, 2 below are specified as Model; Doppler (Hz); Delay Spread (ns). 
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	Test#
	Test1
	Test2
	Test3
	Test4
	Test5
	Test6

	SCS (KHz)
	30
	15
	30
	30
	15
	30

	DCI Format
	1-0
	1-1
	1-1
	1-0
	1-1
	1-1

	Payload size
	36
	75 
	77
	36
	75
	77

	CORESET BW
	24
	48
	96
	24
	48
	96

	CORESET Duration
	2
	2
	1
	2
	2
	1

	Aggregation Level
	2
	4
	8
	2
	4
	8

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

	Propagation condition
	TDL-A;
10Hz;30ns
	TDL-C; 
100Hz;300ns
	TDL-B; 
300Hz;100ns
	TDL-A;
10Hz;30ns
	TDL-C; 
100Hz;300ns
	TDL-B; 
300Hz;100ns

	Antenna configuration and correlation
	1x2
Low
	1x2
Low
	1x2
Low
	1x4
Low
	1x4
Low
	1x4
Low
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	Test#
	Test1
	Test2
	Test3

	SCS (KHz)
	60
	60
	120

	DCI Format
	1-0
	1-1
	1-1

	Payload size
	38
	75
	75

	CORESET BW
	24
	60
	60

	CORESET Duration
	2
	2
	1

	Aggregation Level
	2
	4
	8

	CCE-to-REG Mapping
	Non Interleaved
	Interleaved
	Interleaved

	Propagation condition
	TDL-A; [D]Hz;5ns
	TDL-D;
[D]Hz;10ns
	TDL-D;
[D]Hz;10ns

	Antenna configuration and correlation
	1x2
Low
	1x2
Low
	1x2
Low



3 PBCH Performance Tests
The PBCH channel is part of SS-Block in NR. For NR introducing PBCH performance tests are FFS. We recommend that tests be introduced to verify performance of PBCH in fading channel conditions and test different key features. No new conformance and special test loop mode shall be introduced for NR PBCH. 
Proposal #5: Introduce PBCH performance tests in NR
3.1 Test Metrics
The performance tests for PBCH shall evaluate performance of PBCH in fading conditions. The requirements shall be based on probability of miss-detection of PBCH (Pm-bch). The requirement shall be set as SNR @ 1% Pm-bch.
Proposal #6: Requirements for PBCH shall be based on probability of miss-detection of PBCH (Pm-bch); SNR @ 1% Pm-bch
3.2 Reference UE receiver assumptions
For PBCH performance tests, the baseline receiver shall be LMMSE. 
Proposal #7: The PBCH performance tests shall be based on LMMSE receiver 
3.3 Key Features
The performance tests defined for PBCH shall test the following features:
· PBCH Detection: Tests shall be introduced to verify PBCH decoding performance in fading channel conditions
· DMRS Sequence Detection: The PBCH DMRS sequence is based on the SS-Block index which is part of the PBCH payload. In order to decode PBCH, the DMRS sequence needs to be detected first. The tests introduced for PBCH detection shall also verify DMRS sequence detection
· SS Burst Periodicities: The UE assumes 20ms SS Burst periodicity for initial access, but the SS Burst periodicity could be configured to be {5, 10, 20, 40, 80, 160}ms. Tests shall be introduced to verify PBCH performance at different burst periodicities – 5, 20, 80 ms.
Proposal #8: Define NR UE PBCH demodulation performance requirements to test PBCH decoding, DMRS sequence detection at SSB Burst periodicity of 20ms initially and additional SS Burst periodicities of 5, 80 ms
3.4 Test cases for PBCH
The following test cases in Table 1 are proposed to test PBCH in different conditions. The propagation channels for NR UE demodulation requirements are being discussed for FR1 and FR2. The propagation conditions for FR1 and FR2 are based on recommendation for propagation channels in [3]. 
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	Test#
	Test1
	Test2
	Test3
	Test4
	Test5
	Test6

	FR
	1
	1
	1
	1
	2
	2

	Carrier Frequency (GHz)
	4
	4
	4
	4
	30
	30

	SCS (KHz)
	15
	30
	15
	30
	120
	240

	SS Burst Periodicity (ms)
	20
	80
	20
	80
	20
	5

	Propagation condition
	TDL-A;
10Hz;30ns
	TDL-C; 100Hz;300ns
	TDL-A;
10Hz;30ns
	TDL-C; 100Hz;300ns
	TDL-A;
[D]Hz;5ns
	TDL-D; [D]Hz;10ns

	Antenna configuration and correlation
	1x2
Low
	1x2
Low
	1x4
Low
	1x4
Low
	1x2
Low
	1x2
Low


4 Conclusion
In this paper we have proposed introducing UE demodulation requirements for DL control channels – PBCH, PDCCH. Our proposals are as follows:
Proposal #1: Requirements for PDCCH shall be based on Probability of miss-detection of downlink scheduling grant (Pm-dsg)
Proposal #2: The PDCCH performance requirements shall be derived based on LMMSE receiver 
Proposal #3: Define NR UE PDCCH demodulation performance requirements for the following set of features: DCI Formats, Search Space configurations, CCE-to-REG mapping, Aggregation levels, CORESET configurations
Proposal #4: Use single port transmission for at least initial PDCCH demodulation performance requirements 
Proposed PDCCH test cases:
Test Cases for PDCCH in FR1
	Test#
	Test1
	Test2
	Test3
	Test4
	Test5
	Test6

	SCS (KHz)
	30
	15
	30
	30
	15
	30

	DCI Format
	1-0
	1-1
	1-1
	1-0
	1-1
	1-1

	Payload size
	36
	75 
	77
	36
	75
	77

	CORESET BW
	24
	48
	96
	24
	48
	96

	CORESET Duration
	2
	2
	1
	2
	2
	1

	Aggregation Level
	2
	4
	8
	2
	4
	8

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

	Propagation condition
	TDL-A;
10Hz;30ns
	TDL-C; 
100Hz;300ns
	TDL-B; 
300Hz;100ns
	TDL-A;
10Hz;30ns
	TDL-C; 
100Hz;300ns
	TDL-B; 
300Hz;100ns

	Antenna configuration and correlation
	1x2
Low
	1x2
Low
	1x2
Low
	1x4
Low
	1x4
Low
	1x4
Low


Test Cases for PDCCH in FR2
	Test#
	Test1
	Test2
	Test3

	SCS (KHz)
	60
	60
	120

	DCI Format
	1-0
	1-1
	1-1

	Payload size
	38
	75
	75

	CORESET BW
	24
	60
	60

	CORESET Duration
	2
	2
	1

	Aggregation Level
	2
	4
	8

	CCE-to-REG Mapping
	Non Interleaved
	Interleaved
	Interleaved

	Propagation condition
	TDL-A; [D]Hz;5ns
	TDL-D;
[D]Hz;10ns
	TDL-D;
[D]Hz;10ns

	Antenna configuration and correlation
	1x2
Low
	1x2
Low
	1x2
Low



Proposal #5: Introduce PBCH performance tests in NR
Proposal #6: Requirements for PBCH shall be based on Probability of miss-detection of PBCH (Pm-bch)
Proposal #7: The PBCH performance tests shall be based on LMMSE receiver 
Proposal #8: Define NR UE PBCH demodulation performance requirements to test PBCH decoding at SSB Burst periodicity of 20ms initially and additional SS Burst periodicities of 5, 80 ms

Proposed PBCH test cases:
Parameters for PBCH Tests
	Test#
	Test1
	Test2
	Test3
	Test4
	Test5
	Test6

	FR
	1
	1
	1
	1
	2
	2

	Carrier Frequency (GHz)
	4
	4
	4
	4
	30
	30

	SCS (KHz)
	15
	30
	15
	30
	120
	240

	SS Burst Periodicity (ms)
	20
	80
	20
	80
	20
	5

	Propagation condition
	TDL-A;
10Hz;30ns
	TDL-C; 100Hz;300ns
	TDL-A;
10Hz;30ns
	TDL-C; 100Hz;300ns
	TDL-A;
[D]Hz;5ns
	[bookmark: _GoBack]TDL-D; [D]Hz;10ns

	Antenna configuration and correlation
	1x2
Low
	1x2
Low
	1x4
Low
	1x4
Low
	1x2
Low
	1x2
Low
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