[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #88                                                                          R4-1809880
Gothenburg, Sweden, 20th – 26th August, 2018


[bookmark: Source]Agenda Item:	7.11.8.1
Source:	Intel Corporation
Title:	Discussion about evaluation time for CSI-RS based NR RLM 
Document for:	Discussion
1 	Introduction
The evaluation time for INS and OOS are defined for CSI-RS with density=3.
	The values of Mout and Min used in Table 8.1.3.2-1 and Table 8.1.3.2-2 are defined as: 
· Mout = 20 and Min = 10, if the CSI-RS resource configured for RLM is transmitted with Density =3.

Table 8.1.3.2-1: Evaluation period TEvaluate_out and TEvaluate_in for FR1
	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	max(200, ceil(Mout×P)×TCSI-RS)
	max(100, ceil(Min×P) × TCSI-RS)

	DRX ≤ 320ms
	max(200, ceil(1.5×Mout×P)× max(TDRX, TCSI-RS))
	max(100, ceil(1.5×Mout×P)× max(TDRX, TCSI-RS))

	DRX > 320ms
	ceil(Mout×P) × TDRX
	ceil(Mout×P) × TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource configured for RLM. TDRX is the DRX cycle length.



Table 8.1.3.2-2: Evaluation period TEvaluate_out and TEvaluate_in for FR2
	Configuration
	TEvaluate_out (ms) 
	TEvaluate_in (ms) 

	non-DRX
	max(200, ceil(Mout×P×N)×TCSI-RS)
	max(100, ceil(Min×P×N) × TCSI-RS)

	DRX ≤ 320ms
	max(200, ceil(1.5×Mout×P×N)× max(TDRX, TCSI-RS))
	max(100, ceil(1.5×Mout×P×N)× max(TDRX, TCSI-RS))

	DRX > 320ms
	ceil(Mout×P×N) × TDRX
	ceil(Mout×P×N) × TDRX

	Note:	TCSI-RS is the periodicity of CSI-RS resource configured for RLM. TDRX is the DRX cycle length.






However, we found that the 10 samples and 20 samples for INS and OOS may not be sufficient for 24RB with D=3. At the same time, the evaluation time is not defined for CSI-RS with D=1. In this contribution, we provide our views about CSI-RS evaluation time with D=3 and D=1.
2 Method for deriving signal levels 
For legacy LTE, the method for deriving signal level is according to[2]: 
For out-of-sync and in-sync tests, the signal level is changed at different time instants as per the required target SNR as shown in Fig. 1 and Fig. 2. 



Figure 1 (Figure 7.3.1 from TS 36.133). SNR variation for out-of-sync testing




Figure 2 (Figure 7.3.2 from TS 36.133). SNR variation for in-sync testing


The following methodology is proposed for deriving the test SNR levels. 
1. SNR2 = Qout + margin1 dB
2. SNR3 = Qout – margin1 dB
3. SNR4 = Qin – margin2  dB
4. SNR5 = Qin + margin2  dB
5. And finally, SNR1 = SNR5.
6. Qout and Qin correspond to the average of SNR points from simulation results of different companies for out-of-sync and in-sync PDCCH formats respectively.

for AWGN, margin1 = 2 dB and margin2 = 2 dB and 
for ETU 70 Hz, margin1 = 3 dB and margin2 = 2.5 dB.
Suppose we follow the methodology of LTE and still set margin1=3dB. From our simulation results, the OOS SNR point is -10dB after power boosting for NR RLM. Then the SNR3 and SNR2 should be -13dB and -7dB respectively. The SNR measurement accuracy should be accurate enough to distinguish SNR2 and SNR3.
3 Simulation results for D=1
For CSI-RS with D=1, since the reference signal density is very low, the measurement accuracy based on the reference signal will degrade a lot compared with that of D=3. There are the simulation results 96 RB for ETU channel with SCS = 15K Hz in Fig.3 and Fig.4.The agreed simulation parameters can be found in [3]. 
For Legacy LTE, there are 8 CRS in each RB. The frequency density is every 6 subcarriers. If the bandwidth is 96RB, there are totally 8*96=768 RE. For CSI-RS with D=1, there are 96RE for bandwidth of 96RB. The CSI-RS RE number is 1/8 compared with legacy LTE. The estimation performance will grade a lot. 
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Figure 4 SNR estimation error for SCS=15K Hz for ETU30

Suppose both 40 samples are used for the SNR=-13dB and -7dB. For ETU case, the estimation error is 2.6dB and 1.9dB for SNR=-13dB and -7dB. Then the total error is 2.6+1.9=4.5dB. When 2dB BB margin is considered, the total error is 6.5dB which larger than SNR gap of 6dB. Therefore, it can’t achieve good evaluation performance when D=1 is used. 
Observation 1: For CSI-RS RLM with D=1 of 96RB with extended evaluation time with 40 samples, the measurement performance is not good for ETU channel.
Proposal 1: For CSI-RS RLM with D=1, don’t define RLM evaluation time.
4 Simulation results for D=3
There is agreed INS and OOS sample for CSI-RS RLM with D=3[4].
	The values of Mout and Min used in Table 8.1.3.2-1 and Table 8.1.3.2-2 are defined as: 
· Mout = 20 and Min = 10, if the CSI-RS resource configured for RLM is transmitted with Density =3.



However, we found that the 10 samples and 20 samples for INS and OOS may not be sufficient for 24RB case. The simulation results for 24RB with D=3 is shown in Fig.5.
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Figure 5 SNR estimation error for SCS=15K Hz for ETU30 for 24RB

The SNR estimation error is 3.7dB and 1dB for SNR=-13dB and SNR=-7dB level by using 20 samples. The total SNR estimation error is around 3.7+1=4.7dB. When 2dB BB margin is considered, the total error is 6.7dB which is larger than SNR gap of 6dB. Therefore, the evaluation time is preferred to extend to 20/40 samples for INS and OOS respectively for CSI-RS with D=3. Another option is that if the evaluation time is not extended, 10/20 samples are only applied to 96RB case.
 Proposal 2: For CSI-RS RLM with D=3, evaluation time of 10/20 samples are extended to 20/40 samples for INS and OOS respectively, or 10/20 samples are only applied to 96RB case.
5 Conclusion
In this contribution some NR link level simulation results for CSI-RS based SINR estimation with density = 1/3 was provided. The following conclusion can be drawn: 
Observation 1: For CSI-RS RLM with D=1 of 96RB with extended evaluation time with 40 samples, the measurement performance is not good for ETU channel.
Proposal 1: For CSI-RS RLM with D=1, don’t define RLM evaluation time.
Proposal 2: For CSI-RS RLM with D=3, evaluation time of 10/20 samples are extended to 20/40 samples for INS and OOS respectively, or 10/20 samples are only applied to 96RB case.
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