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1	Introduction
The PDCCH parameters for RLM requirements are very important to the whole system performance of NR, as it will impact at which SINR level UE would consider itself as out-of-sync and in-sync, and would trigger RLF. In RAN4-AH-1801, RAN4 has agreed simulation assumption to evaluate the PDCCH performance for RLM [1]. In RAN4#86, the simulation assumptions and the principles to decide the PDCCH parameters are further clarified in [2], which are copied below. By the evaluations, RAN4 can confirm or correct the agreed hypothetical PDCCH parameters in the core requirements, and also can get prepared for the coming performance part for defining the test cases.
	· DCI format 1-0 is used for out-of-sync evaluation.
· Companies are encouraged to provide simulation results based on R4-1801068 with further clarifications
· Practical Receiver (practical CE/NE and practical decoder)
· Interleaver size (R) = 3
· Interleaver nshift = 0
· Payload size for DCI format 1-0: 56/58/60 for 24/48/96 PRBs BW
· Payload size for DCI format 1-1: 90/92/94 for 24/48/96 PRBs BW
· RAN4 to decide the hypothetical PDCCH parameters considering at least following
· Gap between Qin and Qout: should be based on SINR accuracy, e.g. >5dB
· RAN4 to further discuss the need for adjusting the following PDCCH parameters to achieve reasonable Qout and Qin levels
· DCI format
· Power boosting for on PDCCH data and DMRS Res
· Aggregation Level


In this paper, we will provide our updated simulation results based on [1] and [2], and our views on the details of PDCCH parameters for NR RLM. 
2	Discussion
2.1	Simulation results
The simulation results are listed in Table 1 to Table 8 in the Annex. From the results, we have the following observations: 
[bookmark: _Ref510779883]For DCI format 1-0, SNR level for 10% BLER with CCE 8 is around 
-	-10.6dB for AWGN, 
-	-7.3dB for fading channels
[bookmark: _Ref510779885]For DCI format 1-0, SNR level for 2% BLER with CCE 4, is around 
[bookmark: _Hlk510777474]-	-6.4dB for AWGN, 
-	-2.7dB for fading channels
[bookmark: _Ref510779887]For DCI format 1-1, SNR level for 2% BLER with CCE 4, is around 
-	-4.4dB for AWGN, 
-	-0.6dB for fading channels
[bookmark: _Ref510779888]There is 
-	4.5dB if DCI format 1-0 is used for in-sync, 
[bookmark: _Hlk510687956]-	6.5dB if DCI format 1-1 is used for in-sync.
2.2	selection of PDCCH parameters
As agreed in [2], one aspect in selecting the PDCCH parameters is that there should be enough gap between Qout and Qin so to accommodate the inaccuracy in UE estimation of the link quality. Based on our observations in section 2.1, using DCI format 1-0 for both out-of-sync and in-sync evaluation may not guarantee a 5dB gap. Several options can be considered as listed in [2]:
1) Use DCI format 1-1 for in-sync, which as shown in our results, can give a gap around 6.5dB.
2) Use power boosting for out-of-sync, e.g. if the hypothetical PDCCH power is boosted by 2dB for out-of-sync evaluation, the gap will be enlarged by 2dB.
3) Use larger aggregation level for out-of-sync, e.g. AL16 can be considered, and although not simulated, it is expected that the gap will be enlarged by 2-3dB compared to when AL8 is used.
Since all the options can lead to enough gap between Qin and Qout, how to down-select is, in our view, depending on the absolute SINR level, in particular Qout, as this is the SINR level where UE will trigger RLF, so it somehow decides the coverage level of NR system. 
Option 1) does not change the Qout, while option 2) and 3) will lower Qout by around 2dB. From our observations in section 2.1, the Qout is -10.6dB for AWGN and -7.3dB for fading channels. This is similar level as in LTE, and in our view is aligned with the NR system design target, i.e. NR is not targeting to work under lower SINR conditions at least for eMBB service. Therefore, our suggestion is option 1), i.e. to use DCI format 1-1 for in-sync evaluation. This is also typical network implementation to use a more powerful DCI format (with larger payload) when UE is good radio conditions.
[bookmark: _Ref510779890]The PDCCH parameters for RLM are
- For out-of-sync: DCI format 1-0, 8-CCE aggregation level, no power boosting
- For in-sync: DCI format 1-1, 4-CCE aggregation level, no power boosting
3	Conclusion
In this paper we provided our simulation results for PDCCH performances and our views on how to select the PDCCH parameters for NR RLM.
Observation 1: For DCI format 1-0, SNR level for 10% BLER with CCE 8 is around
-	-10.6dB for AWGN, 
-	-7.3dB for fading channels
Observation 2: For DCI format 1-0, SNR level for 2% BLER with CCE 4, is around
-	-6.4dB for AWGN, 
-	-2.7dB for fading channels
Observation 3: For DCI format 1-1, SNR level for 2% BLER with CCE 4, is around
-	-4.4dB for AWGN, 
-	-0.6dB for fading channels
Observation 4: There is
-	4.5dB if DCI format 1-0 is used for in-sync, 
-	6.5dB if DCI format 1-1 is used for in-sync.
Proposal 1: The PDCCH parameters for RLM are
- For out-of-sync: DCI format 1-0, 8-CCE aggregation level, no power boosting
- For in-sync: DCI format 1-1, 4-CCE aggregation level, no power boosting
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Annex
The simulation results for DCI format 1-0 are listed in Table 1 to Table 4, and simulation results for DCI format 1-1 are listed in Table 5 to Table 8.
[bookmark: _Ref510776295]Table 1: simulation results for DCI format 1-0 with 15kHz SCS (4GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	56
	-8.3
	-6.9
	-11.0
	-10.1

	
	58
	-8.1
	-6.8
	-10.9
	-9.9

	
	60
	-7.6
	-6.4
	-10.2
	-9.3

	EPA, 3km/h
	56
	-4.7
	-2.3
	-7.3
	-4.9

	
	58
	-4.9
	-2.8
	-7.4
	-5.6

	
	60
	-4.6
	-2.9
	-7.2
	-5.5

	EPA, 42km/h
	56
	-4.8
	-2.3
	-7.1
	-4.9

	
	58
	-4.9
	-2.8
	-7.7
	-5.6

	
	60
	-4.7
	-2.8
	-7.3
	-5.8

	ETU, 3km/h
	56
	-3.8
	-1.8
	-6.4
	-4.6

	
	58
	-3.8
	-1.9
	-6.6
	-4.9

	
	60
	-2.8
	-0.9
	-5.8
	-4.4

	ETU, 42km/h
	56
	-3.7
	-1.7
	-6.5
	-4.6

	
	58
	-3.8
	-1.9
	-6.6
	-4.8

	
	60
	-2.8
	-1.0
	-5.8
	-4.3



Table 2: simulation results for DCI format 1-0 with 30kHz SCS (4GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	56
	-8.3
	-7.0
	-11.0
	-10.1

	
	58
	-7.7
	-6.5
	-10.3
	-9.4

	
	60
	-7.6
	-6.4
	-10.2
	-9.3

	EPA, 3km/h
	56
	-5.3
	-2.9
	-7.6
	-5.6

	
	58
	-4.9
	-2.9
	-7.2
	-5.6

	
	60
	-4.8
	-2.8
	-7.5
	-5.8

	EPA, 42km/h
	56
	-5.1
	-2.9
	-7.5
	-5.6

	
	58
	-4.8
	-2.9
	-7.3
	-5.6

	
	60
	-4.5
	-2.8
	-7.4
	-6.0



Table 3: simulation results for DCI format 1-0 with 60kHz SCS (30GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	56
	-8.1
	-5.8
	-11.0
	-9.8

	
	58
	-7.8
	-5.6
	-10.8
	-9.6

	
	60
	-7.6
	-6.4
	-10.3
	-9.3

	TDL-C,100ns
3km/h
	56
	-5.5
	-3.5
	-8.2
	-6.5

	
	58
	-5.3
	-3.4
	-8.2
	-6.8

	
	60
	-4.6
	-2.8
	-7.4
	-6.0

	TDL-C,100ns
30km/h
	56
	-5.4
	-3.5
	-8.2
	-6.6

	
	58
	-5.3
	-3.5
	-8.2
	-6.7

	
	60
	-4.4
	-2.9
	-7.3
	-5.9



[bookmark: _Ref510776298]Table 4: simulation results for DCI format 1-0 with 120kHz SCS (30GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	56
	-8.1
	-5.8
	-11.0
	-9.8

	
	58
	-7.8
	-6.5
	-10.3
	-9.4

	
	60
	-7.7
	-6.4
	-10.3
	-9.4

	TDL-C,100ns
3km/h
	56
	-5.3
	-3.6
	-8.3
	-6.8

	
	58
	-4.5
	-3.1
	-7.3
	-6.1

	
	60
	-4.1
	-2.4
	-6.9
	-5.7

	TDL-C,100ns
30km/h
	56
	-5.4
	-3.6
	-8.3
	-6.8

	
	58
	-4.6
	-3.1
	-7.4
	-6.1

	
	60
	-3.9
	-2.4
	-6.8
	-5.6



[bookmark: _Ref510776302]Table 5: simulation results for DCI format 1-1 with 15kHz SCS (4GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	90
	-6.2
	-4.9
	-9.2
	-8.3

	
	92
	-6.0
	-4.8
	-9.2
	-8.3

	
	94
	-5.8
	-4.5
	-8.7
	-7.8

	EPA, 3km/h
	90
	-2.6
	-0.1
	-5.3
	-3.0

	
	92
	-2.8
	-0.8
	-5.7
	-3.9

	
	94
	-2.8
	-0.9
	-5.6
	-3.9

	EPA, 42km/h
	90
	-2.6
	-0.1
	-5.1
	-3.0

	
	92
	-2.8
	-0.8
	-5.8
	-3.8

	
	94
	-2.8
	-0.9
	-5.7
	-3.9

	ETU, 3km/h
	90
	-1.5
	0.5
	-4.4
	-2.7

	
	92
	-1.5
	0.1
	-4.7
	-2.8

	
	94
	-0.7
	1.1
	-4.0
	-2.6

	ETU, 42km/h
	90
	-1.5
	0.6
	-4.5
	-2.8

	
	92
	-1.6
	0.1
	-4.6
	-3.1

	
	94
	-0.8
	1.2
	-4.0
	-2.5



Table 6: simulation results for DCI format 1-1 with 30kHz SCS (4GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	90
	-6.2
	-4.9
	-9.3
	-8.3

	
	92
	-5.9
	-4.6
	-8.7
	-7.8

	
	94
	-5.8
	-4.6
	-8.7
	-7.8

	EPA, 3km/h
	90
	-2.7
	-0.8
	-5.6
	-3.9

	
	92
	-2.8
	-1.0
	-5.5
	-4.0

	
	94
	-2.7
	-1.2
	-5.8
	-4.3

	EPA, 42km/h
	90
	-2.9
	-0.8
	-5.7
	-3.8

	
	92
	-2.9
	-0.9
	-5.6
	-3.9

	
	94
	-2.8
	-0.9
	-5.7
	-4.3



Table 7: simulation results for DCI format 1-1 with 60kHz SCS (30GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	90
	-5.9
	-3.8
	-9.2
	-7.9

	
	92
	-5.8
	-3.6
	-9.1
	-7.9

	
	94
	-5.8
	-4.6
	-8.7
	-7.8

	TDL-C,100ns
3km/h
	90
	-3.2
	-1.3
	-6.3
	-4.8

	
	92
	-3.4
	-1.4
	-6.6
	-4.8

	
	94
	-2.6
	-1.0
	-5.7
	-4.3

	TDL-C,100ns
30km/h
	90
	-3.2
	-1.4
	-6.3
	-4.8

	
	92
	-3.2
	-1.4
	-6.4
	-4.9

	
	94
	-2.7
	-0.9
	-5.7
	-4.4



[bookmark: _Ref510776303]Table 8: simulation results for DCI format 1-1 with 120kHz SCS (30GHz)
	
	Payload size (bits)
	CCE4
	CCE8

	
	
	10%
	2%
	10%
	2%

	AWGN

	90
	-5.9
	-3.8
	-9.2
	-8.0

	
	92
	-5.9
	-4.7
	-8.7
	-7.8

	
	94
	-5.8
	-4.6
	-8.7
	-7.8

	TDL-C,100ns
3km/h
	90
	-3.3
	-1.6
	-6.5
	-4.9

	
	92
	-2.7
	-1.2
	-5.8
	-4.5

	
	94
	-2.2
	-0.6
	-5.3
	-4.0

	TDL-C,100ns
30km/h
	90
	-3.3
	-1.6
	-6.5
	-5.0

	
	92
	-2.7
	-1.2
	-5.7
	-4.4

	
	94
	-2.0
	-0.5
	-5.3
	-4.1





