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1. Introduction
According to on the approved work item “New Radio Access Technology” [1] in RAN#75, general NR UE demodulation performance requirements should be defined. And based on the time budget in RP-172830 [2], RAN4 should start to discuss the performance part of NR WI in RAN4#86bis meeting. 
In this contribution, we make some discussions on NR PDCCH demodulation performance requirements and share our views. We also propose the simulation assumptions for NR PDCCH demodulation test. 

2. Discussion
NR PDCCH and LTE PDCCH belong to a similar kind of downlink control channels defined in RAN1 specifications, the information like DL assignment, UL grant, control information scheduling RMSI and etc. are carried on them. Since RAN4 has already specified LTE PDCCH demodulation tests. In order to specify NR PDCCH demodulation performance, we could first focus on the RAN1 agreements on LTE PDCCH and NR PDCCH and find the aspects that may be relevant to demodulation, and then discuss the simulation assumptions for NR PDCCH demodulation performance requirements.

According to the RAN1 agreements, the following attributes for LTE PDCCH and NR PDCCH are summarized in Table 1.
Table1. Summary attributes for LTE PDCCH and NR PDCCH
	Attributes
	LTE PDCCH
	NR PDCCH

	Bandwidth
	Full bandwidth
	Same as the number of PRBs of CORESET

	Number of  control OFDM symbols
	{1,2,3,4}
	{1,2 3}

	SCS (KHz)
	15
	15, 30, 60, 120

	Demodulation reference signal
	CRS
	DMRS

	Antenna port
	port 0~3, same as PBCH
	port 2000

	Coding scheme
	Tail biting convolutional coding
	Polar code

	CRC type
	CRC16
	CRC24C

	Demodulation
	QPSK
	QPSK

	REG size
	4 REs
	9 REs

	CCE size
	9 REGs
	6 REGs

	CCE to REG mapping
	-
	Localized or Distributed

	REG bundle size (L)
	-
	· Localized mapping
· L=6

· Distributed mapping
· 1 or 2 OS CORESET: L=2/6
· 3 OS CORESET: L=3/6

	CP length
	Normal CP, Extended CP
	Normal CP

	Aggregation levels
	{1,2 4,8}
	{1,2 4,8,16}

	Search space
	CSS, USS
	CSS,USS


From Table 1, it can be seen that there are some differences between LTE PDCCH and NR PDCCH, such as bandwidth, SCS, demodulation reference signal, coding scheme, CCE size and etc. And compared with LTE PDCCH, a new definition called CORESET and a new attribute called CCE to REG mapping are introduced for NR PDCCH. Based on the experience of specifying LTE PDCCH demodulation tests, these attributes should be taken into consideration for NR PDCCH demodulation tests.
In NR, the bandwidth and SCS are dependent on frequency range and the NR frequency range is divided to FR1 and FR2.  Thus, NR PDCCH demodulation tests should be specified on both FR1 and FR2.
Observation 1: NR PDCCH demodulation tests should be specified on both FR1 and FR2.
Considering the complexity of implementation in high frequency (FR2), we suggest to limit the number of PDCCH demodulation performance tests on FR2.
Proposal 1: Limit the number of PDCCH demodulation performance tests on FR2.
Propagation condition is an important aspect for NR PDCCH demodulation. In RAN4#86 meeting, much progress was made on testability study item (FS_NR_test_methods), and it was agreed to define demodulation requirements with TDL channel models for FR2 [3].  When we define NR PDCCH demodulation tests, we should take this agreement into consideration. For NR PDCCH demodulation tests on FR1, EPA or ETU channel model might be reused.
Proposal 2: Take TDL channel models into consideration for NR PDCCH demodulation tests on FR2.

When discussing the simulation assumptions for NR PDCCH demodulation, we could follow RAN1’s agreements to choose the test parameters. For example, we could base on the following agreements reached in RAN1#92 meeting to select the aggregation level and SCS.
Agreements:
	· Channel estimation capability for UE

· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for following numbers of CCEs for a given slot per scheduled cell 

· 56 CCEs for SCS = 15kHz and 30kHz 

· 48 CCEs for SCS = 60kHz 

· 32 CCEs for SCS = 120kHz 


3. Simulation assumptions
Based on the above discussion, we propose using the following simulation assumptions for NR PDCCH demodulation test.
Table2. Proposed simulation assumptions for NR PDCCH demodulation tests
	Parameter
	Value

	Carrier frequency
	FR1, [4 GHz]
	FR2, [30 GHz]

	Bandwidth (MHz)
	TBD (Same as the number of PRBs of CORESET)
	TBD (Same as the number of PRBs of CORESET)

	Number of control OFDM symbols
	[1], [2]
	[1or 2]

	SCS (kHz)
	15, 30, 60 (optional)
	60, 120

	DCI format 
	[Format 1-0]
	[Format 1-0]

	Payload size
	TBD
	TBD

	Aggregation level
	[4], [8]
	[8]

	Mapping from REG to CCE
	Distributed
	Distributed

	REG bundle size
	[6]
	[6]

	Precoding granularity
	REG bundle size
	REG bundle size

	CP length
	Normal
	Normal

	Propagation condition
	[EPA], [ETU] 
	[TDL-C]

	Antenna configuration
	[2x2]
	[2x2]

	UE speed
	[3km/h]
	[3km/h]

	Receiver type
	MMSE
	MMSE

	Channel estimation
	Practical
	Practical

	Test metric
	[1%] PDCCH BLER
	[1%] PDCCH BLER


Proposal 3: Consider the proposed simulation assumptions in Table 2 for NR PDCCH demodulation performance tests.

4. Conclusion

In this contribution, we make some discussions on NR PDCCH demodulation performance requirements and share our views. We also propose the simulation assumptions for NR PDCCH demodulation performance.

Specifically, we have the following observation and proposals:
Observation 1: NR PDCCH demodulation tests should be specified on both FR1 and FR2.
Proposal 1: Limit the number of PDCCH demodulation performance tests on FR2.
Proposal 2: Take TDL channel models into consideration for NR PDCCH demodulation tests on FR2.

Proposal 3: Consider the proposed simulation assumptions in Table 2 for NR PDCCH demodulation performance tests.
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