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1
Introduction 
In this contribution, we provide simulation results for BLER of hypothetical PDCCH and SINR estimation error. 
For NR RLM, hypothetical PDCCH parameters shall be specified in core part. The SINR points of INS and OOS are determined by the INS and OOS definitions. In this contribution, we provide the BLER results of required INS and OOS SINR based on different hypothetical PDCCH parameters.
The performance of SINR estimation error is the other key factor for determining INS and OOS evaluation period. In this contribution, we analysis the span of estimation error and provided results of SINR estimation error with different evaluation period settings.
2.1
Hypothetical PDCCH Performance
In NR, radio link quality is derived from RLM-RS and then the power boosting on PDCCH data EPRE should refer to RLM-RS EPRE. Moreover, power boosting on PDCCH DMRS is UE-transparent. To avoid uncertainty on hypothetical PDCCH performance due to PDCCH DMRS power boosting, the ratio of PDCCH DMRS EPRE to RLM-RS EPRE shall additionally be specified.
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Proposal 1: Both the ratio of PDCCH data EPRE to RLM-RS EPRE and the ratio of PDCCH DMRS EPRE to RLM-RS EPRE should be specified in core part to provide sufficient separation between INS and OOS required SINR.
The detailed DCI size design is not yet finalized in RAN1. We provide performance of 4 tentative DCI sizes for performance alignment. Detail simulation parameters are provided in Table1, while the required SINRs for OOS and INS under different channels are summarized in Table 2 and Table 3, respectively. The required SNR separation is critical for RLM performance part. Therefore, both of ratio of PDCCH data EPRE to RLM-RS EPRE and ratio of PDCCH data EPRE to RLM-RS EPRE are tentatively set as 4dB and -2dB for OOS and INS, respectively. The performance curves are provided in Appendix.
	Attribute
	Value for OOS
	Value for INS

	DCI size (excluding CRC-24)
	10, 20, 40, 60 bits
	10, 20, 40, 60 bits

	Number of control OFDM symbols
	1
	1

	PDCCH PRB allocation 
	54 consecutive PRBs
	54 consecutive PRBs

	Aggregation level (CCE)
	8
	4

	ratio of PDCCH data EPRE to RLM-RS EPRE
	4 dB
	-2 dB

	ratio of PDCCH DMRS EPRE to RLM -RS EPRE
	4 dB
	-2 dB


Table 1: Simulated PDCCH transmission parameters for OOS and INS
	
	Required SINR at BLER of 10% for OOS (unit: dB)

	
	AWGN
	ETU30
	ETU70

	DCI size: 10 bits
	-11.8
	-9.8
	-9.9

	DCI size: 20 bits
	-11.0
	-9.0
	-9.1

	DCI size: 40 bits
	-10.0
	-7.9
	-7.9

	DCI size: 60 bits
	-9.2
	-7.0
	-7.0


Table 2: Required SINR for OOS in different channels

	
	Required SINR at BLER of 2% for INS (unit: dB)

	
	AWGN
	ETU30
	ETU70

	DCI size: 10 bits
	-3.2
	0.6
	0.6

	DCI size: 20 bits
	-2.5
	1.4
	1.4

	DCI size: 40 bits
	-1.4
	2.8
	2.7

	DCI size: 60 bits
	-0.6
	3.9
	3.9


Table 3: Required SINR for INS in different channels
2.2   
SINR Estimation Error 
LTE RLM tests are specified based on TX SINRs, e.g. SINR1 to SINR3 for OOS tests and SINR1 to SINR5 for INS tests, while RX SINR is the key factor which determines UE performance. It is desired to reuse LTE RLM test methodology for NR. However, compared to LTE, the mismatch between TX SINR and RX SINR for NR could become larger because 
1. Fewer of RLM samples in time domain to derive radio link quality: LTE CRS is always available in DL subframes but NR RLM can only exploit sparse RLM-RS.
2. Large variation on ideal RX SINR: Channel fading introduces some mismatch between TX SINR and the ideal RX SINR. With sufficient channel diversities (in time, frequency or space), we can minimize this mismatch. However, in NR, SSB occupies only a limited number of PRBs (24 or 20) and SSB is single port. This lack of diversity will lead to a time-varying ideal RX SINR, as shown in Fig. 1, which takes SSB RSRP as an example. From Fig. 1, we can observe:
a. One shot ideal SSB RSRP is time-varying and the variation could be larger than 25dB, under a fixed TX SSB EPRE.

b. Averaging in time can help. The averaging on ideal estimated RSRP with 5 samples can reduce variation but variation is still up to 9.6dB.
Since the ideal RX SINR is already time-varying with a certain variance. The real RX SINR estimated by UE can only be even worse, leading to a large SINR estimation error.
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Figure 1: Snapshot of RX Ideal RSRP with fixed TX EPRE in EPA20
In the following, we compare the delta SINR (estimation error) between real RX SINR estimated by UE and TX SINR and. The intention is to reuse LTE RLM test methodology. 

The 5th, 50th and 95th percentile SSB-based SINR estimation errors are provided in Appendix. The spans of SSB-based SINR estimation of fading channels are illustrated in Fig. 2. Compared to span of ETU70, due to correlated and insufficient SSB samples, span of ETU30 is larger. 

Observation 1: SINR estimation error accuracy enhances as average sample number increases. Under ETU30 channel, with SSB periodicity of 5/20ms,

· Increasing number of samples from 5 to 10, the span can be reduced by 1 dB for SSB based SINR estimation error. 
· Increasing number of samples from 10 to 20, the span can be further reduced by 1 dB for SSB based SINR estimation error.
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Figure 2: Span of SINR estimation error

3
Summary
In this contribution, hypothetical PDCCH performance and TX SINR estimation error results are provided. Based on the discussion, the following observation and proposal are given for consideration.

Proposal 1: Both the ratio of PDCCH data EPRE to RLM-RS EPRE and the ratio of PDCCH DMRS EPRE to RLM-RS EPRE should be specified in core part to provide sufficient separation between INS and OOS required SINR.
Observation 1: SINR estimation error accuracy increases as samples increases. Under ETU30 channel, with SSB periodicity of 5/20ms,
· Increasing number of samples from 5 to 10, the span can be reduced by 1 dB for SSB based SINR estimation error. 
· Increasing number of samples from 10 to 20, the span can be further reduced by 1 dB for SSB based SINR estimation error.
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Appendix 
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Figure 3: Hypothetical PDCCH performance under static channel
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Figure 4: Hypothetical PDCCH performance under ETU30 channel
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Figure 5: Hypothetical PDCCH performance under ETU70 channel
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Table 4: SINR estimation error with SSB periodicity of 5ms
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Table 5: SINR estimation error under SSB periodicity of 20ms
•	Delta SINR = (estimated SINR – ideal SINR) 	[dB] 











