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Introduction
The RLM tests for HD-FDD NB-IoT initially specified fading channel [1] even though simulation campaign for calibration of hypothetical NPDCCH performance were done with fading channels. Later on, the channel was changed to AWGN without revisiting the SNR values [2]. In RAN4#83, Intel brought a paper [3] discussing the need to change SNR levels in RLM tests given the NRSRP/NRSRQ accuracy requirements, evaluation times and the fact that the channel was changed to AWGN. In [4], Ericsson also raised a similar point and submitted their AWGN simulation results. 
In this paper, we raise this issue again and argue that T310 timer should be extended to account for AWGN SNR levels and estimation accuracy. We also argue that periodic UL grants that forces UE to switch back and forth in DL reception further adversely impacts the SNR estimation accuracy and should be avoided unless necessary. 
Discussion
Figure 1 illustrates the time intervals and SNR levels of In-Sync (IS) tests. During the SNR ramp down, UE is expected to go out-of-sync (OOS) at Qout SNR level. During the SNR ramp up, UE is expected to go back to in-sync at Qin SNR level. However, due to narrowband (NB) nature of NB-IoT and small processing gain from NRS that is used to determine RLM SNR, there will be estimation inaccuracies shown in Figure 1 by the range of SNR estimation variance. In TS 36.133, the NRSRP/NRSRQ estimation accuracy also reflects this point by specifying a rather large range for absolute accuracy (e.g., +/- 7.2 dB for normal coverage for NRSRQ). 
Observation 1. Similar to NRSRP/NRSRQ estimation, the absolute accuracy of RLM SNR estimation has a non-zero tolerance. RLM SNR estimation error is shown in Figure 1 as SNR estimation variance.
Hence, UE goes to OOS earlier than Qout SNR point and goes back to IS later than Qin SNR point as shown. Therefore, the value of T310 timer should account for RLM SNR in AWGN condition and estimation variance. Otherwise, UE will not have enough time to enter IS and will declare RLF before reaching interval T3. 
Observation 2. Due to estimation error, UE can go to OOS earlier than Qout SNR and be back in IS later than Qin SNR. The value of T310 timer should account for SNR estimation error/variance.
Moreover, frequent switching to DL and UL due to HD-FDD can increase the SNR estimation error as UE will have to stop its tracking loops and receiver chain to enable its transmit chain. 
Observation 3. Frequent switching to DL and UL can increase the SNR estimation error as UE will have to stop its tracking loops and receiver chain to enable its transmit chain.



Figure 1 In-Sync RLM tests with SNR estimation variance

To arrive at a reasonable value for T310 timer, we looked at available simulation results from all companies in AWGN condition. The 2% and 10% BLER for different values of Rmax are tabulated in Tables 1 and 2 for Intel and Ericsson [3][4]. Source company’s results are tabulated in Table 3. The averaged results are tabulated in Table 4 with customary method of taking the average in dB domain.

Table 1 RLM SNR in AWGN from Intel [3]
	Rmax
	2% BLER
	10% BLER

	2
	-3.5
	-4.5

	4
	-5.7
	-6.7

	8
	-8.0
	-9.0

	16
	-10.0
	-11.0



Table 2 RLM SNR in AWGN from Ericsson [4]
	Rmax
	2% BLER
	10% BLER

	2
	-4.7
	-5.7

	4
	-7.7
	-8.7

	8
	-10.7
	-11.7

	16
	-13.7
	-14.7



Table 3 RLM SNR in AWGN from Qualcomm
	Rmax
	2% BLER
	10% BLER

	2
	-5.2
	-6.2

	4
	-8.0
	-9.0

	8
	-10.5
	-11.5

	16
	-12.5
	-13.5



Table 4 Average RLM SNR in AWGN
	Rmax
	2% BLER
	10% BLER

	2
	-4.5
	-5.5

	4
	-7.1
	-8.1

	8
	-9.7
	-10.7

	16
	-12.0
	-13.0



Given the average SNR values in Table 4, we first derive the time distance between Qout SNR and Qin SNR with perfect SNR estimation accuracy, i.e., no estimation error. 
For normal coverage, Qout SNR of -10.7 dB corresponding to Rmax=8 is arrived at t = 5s from the start of interval T1. Qin SNR of -4.5 dB is arrived at t = 7.7s from the start of interval T1. This yields the T310 timer of 2.7s.
For enhanced coverage, Qout SNR of -13.0 dB corresponding to Rmax=16 is arrived at t = 5s from the start of interval T1. Qin SNR of -7.1 dB is arrived at t = 7.8s from the start of interval T1. This yields the T310 timer of 2.8s.
Observation 4. Even with perfect RLM SNR estimation, the T310 timer should be 2.7s for NC and 2.8s for EC. It is currently specified to be only 2s which does not give enough time for UE to come back to IS.
To account for RLM SNR estimation variance, we assume a +/- 1.0 dB variance. It is noted that this value is significantly more optimistic than NRSRP/NRSRQ absolute accuracy requirement tolerances in 36.133. With this variance, the Qout SNR and Qin SNR values are pushed up by 1.0 dB. With a similar derivation, the T310 timer should be at least 3.0s for both NC and EC scenarios. 
Observation 5. With +/- 1.0 dB RLM SNR estimation variance, the Qin SNR and Qout SNR are pushed up by 1.0 dB and the T310 timer needs to be at least 3.0s for both NC and EC scenarios.  
It is noted that the above discussions and observations holds equally for both DRX and non-DRX scenarios. Given these observations, we propose the followings for IS tests:
Proposal 1. The T310 timer to be increased to 3.0s for NC/EC IS tests in DRX/non-DRX modes to account for AWGN SNR levels and estimation variance.
Proposal 2. To alleviate SNR estimation error, UE should not be provided with any UL grant during the SNR ramp down, interval T2, and SNR ramp up in IS tests. 
For OOS tests, the T310 timer discussion above does not apply since T310 timer is disabled in OOS tests. However, UE SNR estimation error can still have a negative impact due to frequent switches to UL. Figure 2 shows the OOS tests with SNR levels and time intervals. Except in the beginning of interval T2 corresponding to SNR2 level, UE does not need to be provisioned with UL grant and hence should not scheduled any until the start of interval T4.



Figure 2 Out-of-sync RLM tests
Proposal 3. To alleviate SNR estimation error in OOS tests, UE should not be provided with any UL grant from the start of T2 until the start of T4 except for the one in the beginning of T2.
Conclusions
Observation 1. Similar to NRSRP/NRSRQ estimation, the absolute accuracy of RLM SNR estimation has a non-zero tolerance. RLM SNR estimation error is shown in Figure 1 as SNR estimation variance.
Observation 2. Due to estimation error, UE can go to OOS earlier than Qout SNR and be back in IS later than Qin SNR. The value of T310 timer should account for SNR estimation error/variance.
Observation 3. Frequent switching to DL and UL can increase the SNR estimation error as UE will have to stop its tracking loops and receiver chain to enable its transmit chain.
Observation 4. Even with perfect RLM SNR estimation, the T310 timer should be 2.6s for NC and 2.7s for EC. It is currently specified to be only 2s which does not give enough time for UE to come back to IS.
Observation 5. With +/- 1.0 dB RLM SNR estimation variance, the Qin SNR and Qout SNR are pushed up by 1.0 dB and the T310 timer needs to be at least 3.0s for both NC and EC scenarios.  
Proposal 1. The T310 timer to be increased to 3.0s for NC/EC IS tests in DRX/non-DRX modes to account for AWGN SNR levels and estimation variance.
Proposal 2. To alleviate SNR estimation error, UE should not be provided with any UL grant during the SNR ramp down, interval T2, and SNR ramp up in IS tests. 
Proposal 3. To alleviate SNR estimation error in OOS tests, UE should not be provided with any UL grant from the start of T2 until the start of T4 except for the one in the beginning of T2.
Accompanying CRs are submitted by source company to reflect the above corrections [5][6].
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