[bookmark: OLE_LINK103][bookmark: OLE_LINK104]3GPP TSG-RAN WG4 Meeting #86                                                                                         R4-1801501                                        
Athens, Greece, 26 Feb - 02 Mar 2018
Agenda item:            7.9.9.1.1
Source:	MediaTek Inc. 
Title:	PDCCH Link Level Simulation Results
Document for:          Discussion 
1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]According to the approved PDCCH simulation assumptions [1], PDCCH link level simulation results are provided. In this contribution, we further discuss the settings of hypothetical PDCCH parameters, including 
· Ratio of hypothetical PDCCH RE energy to average SSS RE energy
· Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
2     	Simulation Results
[bookmark: _Ref505695731][bookmark: _Ref506200009]Table 1 summarizes the required SINRs to achieve 2% BLER and 10% BLER. The corresponding simulation parameters and performance curves can be found in Appendix. 
	FR1
	Required SINR (unit: dB)

	Channel 
	8CCE@BLER10%
	8CCE@BLER2%
	4CCE@BLER10%
	4CCE@BLER2%

	Static
	-7.73
	-7.15
	-5.38
	-4.76

	EPA 3 Km/hr
	-4.97
	-2.86
	-2.34
	0.016

	EPA 42 Km/hr
	-4.76
	-2.37
	-2.04
	0.64

	ETU 3 Km/hr
	-4.84
	-3.41
	-2.15
	-0.51

	ETU 42 Km/hr
	-4.73
	-3.29
	-2.08
	-0.53


Table 1: Required SNR for INS and OOS target BLER
3	Hypothetical PDCCH parameters
Under static channel,
· LTE OOS required SNR is -11.5 dB to achieve 10% BLER with 8CCEs [2], where 4 dB power boosting on PDCCH is assumed.
· NR OOS required SNR is -7.73 dB to achieve 10% BLER with 8 CCEs, where 0 dB power boosting on PDCCH is assumed.
It is observed that the required SINR of NR is 3.8 dB worse than that of LTE to achieve 10% BLER for OOS indication. The main reason would be that NR has no power boosting on PDCCH data and DMRS REs but LTE has 4dB power boosting on PDCCH and PCFICH REs. To keep the NR DL coverage comparable to LTE, there are two approaches could be jointly used to lower OOS required SNR:
· Approach #1: Increasing to 16 CCEs
· Approach #2: Power boosting on PDCCH data and DMRS REs
However, it would be a good starting point to leverage LTE hypothetical settings, i.e. 8 CCEs and 4 dB power boosting, for NR hypothetical OOS PDCCH parameters.
[bookmark: _Ref506292569]Proposal 1: Using 8CCEs and [4] dB power boosting on PDCCH data and DMRS REs for hypothetical PDCCH OOS parameters.

When determining PDCCH transmission parameters, from UE implementation of view, the following two considerations shall be taken into account.
· Consideration 1: Accuracy of SINR link quality estimation 
· Consideration 2: Sufficient gap between OOS required SNR and INS required SNR, among all possible channels
Regarding consideration 1, because NR RLM-RS time domain density is far less than LTE CRS, a larger variance of NR radio link quality estimation (i.e. SINR span) can be expected [3]. 
Thus, it would lead to unnecessary RLF if the SINR estimation is not sufficiently accurate and the gap between OOS required SNR and INS required SNR is too small. As shown in Figure 1, the RLF could be false alarmed at the test SINR point 1, and that will be troublesome to design RLM test cases.
[image: ]
Figure 1: unexpected RLF when INS and OOS required SNRs are too close

UE implementation complexity will increase rapidly for small SINR gap between OOS and INS among all possible channels. For example, assume no power boosting on PDCCH for OOS,
· INS required SINR   = -4.76dB @ Static channel
· OOS required SINR = -4.97dB @ EPA 3Km/hr channel
[bookmark: _GoBack]The SINR difference is only 0.2 dB, and then UE will be forced to detect the channel type and power delay profile under such low SNR with high implementation cost.  
[bookmark: _Ref506292616]Proposal 2: RAN4 shall consider SINR estimation accuracy and UE implementation cost when designing PDCCH parameters.
4	Conclusion
In this contribution, PDCCH simulation results are provided. Based on the discussion in section 3, we have the following proposals:
Proposal 1: Using 8CCEs and [4] dB power boosting on PDCCH data and DMRS REs for hypothetical PDCCH OOS parameters.
Proposal 2: RAN4 shall consider SINR estimation accuracy and UE implementation cost when designing PDCCH parameters.
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6	Appendix 

	Parameter
	Value 

	Carrier frequency
	FR1, 4 GHz // no FR2: RF impairment

	DCI format / payload size
	Format 1-0
Number of bits: 58 (48 PRBs)

	Number of control OFDM symbols
	{2 symbols, 15 kHz, 48 PRB}

	Bandwidth (MHz)
	

	Sub-carrier spacing (kHz)
	

	Aggregation level (CCE)
	4 and 8

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0 dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0 dB

	Precoder granularity in frequency domain
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed

	SNR
	[-12, -11, … 4, 5, 6]

	Frequency error
	0

	Propagation condition
	AWGN, EPA, ETU (only for 15kHz SCS)

	Antenna configuration
	2x2 Note

	UE speed
	3km/h, 42km/h

	Note: Companies are encouraged to clarify whether the 2Tx simulation results are based Tx diversity or not.


Table 2: Simulation Setting
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Figure 2: PDCCH performance under static channel
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Figure 3: PDCCH performance under EPA channel
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Figure 4: PDCCH performance under ETU channel
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