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1
Introduction
With the NB-IoT Work Item [1] finalized, a maintenance period of submitting corrections is ongoing.  On the topic of radio link monitoring (RLM), some corrections may be needed to improve the core specification.  Furthermore, some RLM test case parameters may not result in repeatable test result convergence due to the change from fading channels to AWGN for RLM.
2
Discussion

2.1
RLM Core Requirement
The RLM requirement for Category NB1 UE is defined in Clause 7.23 of TS36.133 [2]. The clause specifies a condition of the number of available subframes for RLM in the following manner:
[image: image1.png]7.23.2 Requirements for HD-FDD Category NB1 UE

‘The requirements defined in this subclause 7.23.2 for performing radio link monitoring are applicable for Category NBI
UE defined in Section 3.1.

‘The UE shall meet all applicable requirements specified in clause 7.23.2 under the following condition:

- atleast 1 DL subframe per radio frame of serving NB-1oT cell is available at the UE during Qu xa-or and Qu xa-
«r evaluation periods.

The UE shall estimate the downlink radio link quality and compare it to the thresholds Qu xaer and Qi xaver for the
purpose of monitoring downlink radio link quality of the NB-IoT cell.




However, the number of NRS available to the NB-IoT UE for the purpose of radio link quality estimation is not 1 subframe per frame.  The frame structure for the in-band case is given in Table 1 below.
Table 1: NB-IoT in-band frame structure of the anchor carrier
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Furthermore, the condition implies that the UE need only to monitor 1 subframe per radio frame in order to meet the RLM requirement.  This is not consistent with the assumptions made for the evaluation period of RLM.  Thus, it is proposed to correct the condition to describe the actual NRS availability.

Proposal 1: Change the RLM condition in 7.23.2 to the following:

· at least DL subframes #0 and #4 per radio frame and DL subframe #9 every two radio frames of the serving NB-IoT cell are available to the UE during Qout_NB-IoT and Qin_NB-IoT evaluation periods.
We next examine the evaluation periods for Qin and Qout, as defined in Table 7.23.2.1-1 of TS36.133 [2]:
[image: image3.png]Table 7.23.2.1-1 Qow and Qi Evaluation Period in non-DRX for HD-FDD Category NB1 UE

Configured Tevatuste Qout NesoT Tevatuste Qun_ngsor
NPDCCH Rux
400ms 200ms
4000ms 2000ms





We refer to a summary of the demodulation requirements in Table 2 below.

Table 2: Summary of Rel-13 NB-IoT NPDCCH demodulation requirements [3]
	Test
num
	Deployment mode 
	Repetition number
(Rmax)
	Operated carrier
	Reference Channel
	Propagation Condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	NPDCCH (36.101 – Sec. 8.12.2): In-band, 2Tx, 2NRS

	1
	In-band
	64
	Anchor
	R.NB.4 FDD
	EPA5
	2
	1
	[-3.9]

	2
	In-band
	512
	Non-anchor
	R.NB.4 FDD
	ETU1
	2
	1
	[-10.0]

	NPDCCH (36.101 – Sec. 8.12.2): Standalone/Guard-band, 1Tx, 1NRS

	1
	Stand-alone/Guard-band
	128
	Anchor
	R.NB.3 FDD
	EPA5
	1
	1
	[-4.9]

	2
	Stand-alone/Guard-band
	1024
	Non-anchor
	R.NB.3 FDD
	ETU1
	1
	1
	[-11.4]


For Rmax ≤ 64, it is reasonable to expect an SNR range above -6 dB in the anchor in-band case.  Thus, when the UE monitors the DL radio quality in this case, the accuracy of its radio quality estimate corresponds to the RSRP measurement accuracy in normal coverage.  We refer to Tables 9.1.22.1-1 and 9.1.22.3-1 in TS36.133 [2]:
[image: image4.png]Table 9.1.22.1-1:

NRSRP Intra frequency absolute accuracy for UE Category NB1 for HD-FDD
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NOTE 1:lo is assumed to have constant EPRE across the bandwidth.
NOTE 2:E-UTRA operating band groups are as defined in Section 3.5.
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: NRSRQ Intra frequency absolute accuracy for UE Category NB1 for HD-FDD

Accuracy Conditions
lo™" ' range
Normal | Extreme . -
condition | condition Esflot E-UTRA operating band groups Minimum lo Maximum lo
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NOTE 1:o is assumed to have constant EPRE across the bandwidth.

NOTE 2:The same bands and the same lo conditions for each band apply for this requirement as for the corresponding

highest accuracy requirement
NOTE 3:E-UTRA operating band groups are as defined in Section 3.5.





Under normal coverage conditions, NRSRP accuracy is +/- 8 dB and NRSRQ accuracy is +/- 7.2 dB for the SNR range ≥ -6 dB.  Under extended coverage conditions, NRSRP accuracy is +/- 12.3 dB and NRSRQ accuracy is +/- 11.5 dB for SNR between -6 and -15 dB.  The measurement period corresponding to these accuracy values was agreed during RAN4 #80bis to be 800ms for normal coverage and 1600ms for enhanced coverage [4].
Thus, we observe a mismatch between the measurement period for the radio quality measurement accuracy (NRSRP/NRSRQ) and the evaluation period for RLM and provide the following proposed correction:
The NPDCCH transmission parameters for RLM are given in Table 7.23.2-1 of TS36.133:

[image: image6.png]Table 7.23.2-1 NPDCCH transmission parameters for out-of-sync and in-sync for Category NB1 UE

‘Attribute Out-of-sync In-sync
DCI format Format N1 Format N1
Number of information bits 23 bits 23 bits
System Bandwidth 200kHz 200kHz
Antenna configuration 2x1 2x1
Maximum NPDCCH Repefition level | Rusr™" Rendd™"
‘Aggregation level 2 2
DRX OFF OFF
Deployment mode In-band in-band

NOTE 1:Ruex is a configurable parameter defined in TS 36.331]2].





Since the relationship between out-of-sync and in-sync Rmax is four to one, we expect ~6 dB separation between the hypothetical NPDCCH BLER curves at the same outage point.  Further taking into account the different BLER targets for Qin and Qout, we have ~8 to 9 dB separation between these event triggers.  As we have described above, the accuracy of the UE’s estimate of radio quality conditions at the Qout trigger is +/- 7.2 dB in the case of Rmax ≤ 64 and +/- 11.5 dB in the case of Rmax > 64.  However, the accuracy of the UE’s estimate of radio quality conditions at the Qin trigger, if the evaluation period remains as defined in Table 7.23.2.1-1, is expected to be worse due to shorter evaluation time.  This may create false detection rates for both triggers.  The issue is particularly acute for the case of Rmax ≤ 64, because the evaluation periods for both triggers are shorter than the agreed measurement periods for NRSRP/NRSRQ.

One approach to mitigate this condition is to align the case of Rmax ≤ 64 with NRSRP/NRSRQ measurement period agreements.

Proposal 2: For the case of Rmax ≤ 64, the evaluation periods for both Qout and Qin match the NRSRP/NRSRQ measurement period under normal coverage  and should be set to 800ms.

In the case of Rmax > 64, the RLM procedure should be robust enough to allow the UE to trigger RLF under SNR levels beyond the value of -15 dB assumed for NRSRP/NRSRQ accuracy, and the value of 4000ms for Qout in the existing RLM requirement is reasonable.  Furthermore, the value of 2000ms for Qin is also reasonable.
2.2
RLM Test Cases

The RLM test cases, defined in Clauses A.7.3.60 through A.7.3.65 of TS37.133 [2], have been updated to utilize the AWGN propagation conditions in order to reduce the overall test time.  This change from fading conditions allowed the use of lower values for Rmax.  However, insufficient simulation analysis had been performed to select the SNR points for the test case.
Figure 1 below provides the NPDCCH simulation results for AWGN without RF impairments.
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Figure 1: NPDCCH simulation results in AWGN (without RF impairments)
We first examine the normal coverage test cases (A.7.3.60, A.7.3.63, and A.7.3.64).

For the out of sync test (OOS), during the period T2 the UE is expected to decode NPDCCH and complete UL transmission at the SNR level of -9.1 dB. With repetition level (RL) = 8 the NPDCCH BLER is 20%, according to Figure 1.  One possible solution is to align the SNR level during T2 with the BLER=2% operating point for the RL=8 curve.  Without RF impairments, this SNR point is -8.0 dB; with RF margin we can select SNR=-6.0 dB.

Proposal 3: For the normal coverage OOS test, set the SNR level during T2 to -6.0 dB. 

For the in-sync (IS) test, during the transition from T2 to T3 (transition from -14.1 dB to -3.1 dB SNR), the UE is expected to trigger Qin for RL=2.  According to the results in Figure 1, the BLER=2% operating point for the RL=2 curve is -3.5 dB, and with RF margin the test may not reliably trigger Qin.  One possible solution is to align the SNR level during T3 with this operating point together with some additional margin, such as 2 dB, in order to reliably trigger Qin.
Proposal 4: For the normal coverage IS test, set the SNR level during T1 and T3 to 0.5 dB.

We next examine the enhanced coverage test cases (A.7.3.61, A.7.3.62, and A.7.3.65).
For the OOS test, the SNR level during T2 is -11.4 dB.  According to Figure 1, the BLER=2% point for RL=16 is -10 dB (-8 dB with RF margin).  This illustrates the same issue as the OOS test above.  One possible solution is to set the SNR level during T2 to -8.0 dB.

Proposal 5: For the enhanced coverage OOS test, set the SNR level during T2 to -8.0 dB.

For the IS test, during the transition from T2 to T3 (transition from -17.4 dB to -6.3 dB SNR), the UE is expected to trigger Qin for RL=4.  According to the results in Figure 1, the BLER=2% operating point for the RL=4 curve is -5.5 dB, and with RF margin the test may not reliably trigger Qin.  One possible solution is to align the SNR level during T3 with this operating point together with some additional margin, such as 2 dB, in order to reliably trigger Qin.

Proposal 6: For the enhanced coverage IS test, set the SNR levels during T1 and T3 to -1.5 dB.

3
Conclusions

This paper has reviewed some potential issues in the RLM core requirement definition and the associated test cases for NB-IoT.  The following proposals have been made:
Proposal 1: Change the RLM condition in 7.23.2 to the following:

· at least DL subframes #0 and #4 per radio frame and DL subframe #9 every two radio frames of the serving NB-IoT cell are available to the UE during Qout_NB-IoT and Qin_NB-IoT evaluation periods.

Proposal 2: For the case of Rmax ≤ 64, the evaluation periods for both Qout and Qin match the NRSRP/NRSRQ measurement period under normal coverage  and should be set to 800ms.

Proposal 3: For the normal coverage OOS test, set the SNR level during T2 to -6.0 dB. 

Proposal 4: For the normal coverage IS test, set the SNR level during T1 and T3 to 0.5 dB.

Proposal 5: For the enhanced coverage OOS test, set the SNR level during T2 to -8.0 dB.

Proposal 6: For the enhanced coverage IS test, set the SNR level during T1 and T3 to -1.5 dB.
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