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NB-IoT UE RLM test cases was discussed in RAN4#79 AH [1] and the following RLM test procedure for Out-Of-Synch was agreed [2]. 

OOS Proposed Test Procedure
· The UE behaviour in each test during time durations T1, T2, T3 shall be as follows:
· During the period up to time point A, 
· eNB shall provide the UE with a UL grant 
· UE is expected to decode the UL grant, 
· switch to UL, and complete the UL transmission
· UE switches back to DL
· During the period from time point A to time point B, 
· SNR shall be decreases in small steps from SNR 1 to SNR 3
· During the period from time point B to time point D, 
· eNB shall provide the UE with a UL grant 
· UE is expected to decode the UL grant, 
· UE switches back to DL
· The above 3 steps are repeated ‘[10]’ times to ensure UE decoded NPDCCH at least once during T3 
· The UE shall stop transmitting uplink signal no later than time point C and continues to keep its transmitter off until point D
· Test Requirements(cont’d)
· The UE shall stop transmitting uplink signal at least in all sub frames configured for UL transmission according to the configured UL grant no later than time point D ([TBD] ms after the start of time duration T3).
· The rate of correct events observed during repeated tests shall be at least 90%




Figure 1. SNR variation for out-of-sync testing [R4-79AH-0287]


In [2], it is also stated that “In case issues are found with the proposed OOS test procedure, other options are not precluded.” In this paper, we discuss the issues with the OOS Test Procedure in [2] and make proposals on the NB-IoT OOS Test Procedure.
 
Discussion
In this section, we present our views on above proposed OOS Test Procedure in [2].
OOS Status Determination
For legacy OOS test procedure, the UE OOS status is determined based on CQI reporting. For NB-IoT, UE does not report CQI. In the proposed OOS test procedure, the UE OOS status is tested with the following procedure:
· During the period from time point B to time point D, 
· eNB shall provide the UE with a UL grant 
· UE is expected to decode the UL grant, 
· UE switches back to DL
· The above 3 steps are repeated ‘[10]’ times to ensure UE decoded NPDCCH at least once during T3 
· The UE shall stop transmitting uplink signal no later than time point C and continues to keep its transmitter off until point D
There are, however, a number of issues with above approach:
1) Qout is set corresponding to 10% BLER for the hypothetical NPDCCH. For the OOS, SNR3 has to be set lower  than Qout, considering the UE measurement errors. Thus, NPDCCH BLER for SNR3 may be much larger than 10%, and therefore more than [10] NPDCCH transmission may be needed;

2) Assuming the UE does decodd NPDCCH at least once during T3, then let us take a look at two cases: 
a. The UE only decodes the first NPDCCH correctly, and 
b. The UE decodes the last NPDCCH correctly. 
For the first case, the UE may complete the UL transmission well before point C. After the UL transmission, it is clear that the UE will not transmit any UL signals regardless it is in IS or in OOS status, since the UE will no longer decode NPDCCH correctly. In another word, the test is not able to tell whether UE is in IS or in OOS.
For the second case, let us assume UE decodes the UL grant correctly right and starts UL transmission before point C. Then, it can have two scenarios: 
1) The UL Tx repetition completes before point C, and 
2) The UL Tx repetition continues pass the point C. 
For the first scenario, again the UE will not transmit anything regardless whether it is in IS or OOS, since it will not receive UL grant after point C. For the second scenario, it is unlikely that the UE is able to make the decision to stop UL Tx in the middle of UL repetitions, considering that UE does not receive DL NRS during the repetition for adjusting RLM status.
Based on the above analysis, the proposed test procedure seems unable to determine correctly whether the UE is in OOS status after Test point C.
SNR Levels
For legacy OOS test procedure, there are three SNR levels: SNR1, SNR2 and SNR3 (Figure 2). SNR1 during T1 is used for start the test with reliable connection; SNR2 during T2 is used to make sure the UE does not fall into OOS when SNR is smaller than Qin but still larger than SNR3; while SNR3 during T3 is used for testing whether UE can declare OOS as required. 


Figure 2. SNR variation for out-of-sync testing [Figure A.7.3.1.1-1 in TS 36.133]
For the proposed OOS test procedure, however, there are only two SNR levels: SNR1 and SNR3 (Figure 1): 
· During the period from time point A to time point B, 
· SNR shall be decreases in small steps from SNR 1 to SNR 3

It is unclear from the figure on whether the SNR1 is larger or smaller than Qin. If SNR1 is smaller than Qin, the test may be start with reliable connection. If SNR1 is larger than Qin, then one the legacy test requirements, e.g., UE should stay in-sync with , cannot be tested in NB-IoT OOS tests.
Conclusions
In this paper we discussed the OOS test procedure proposed in [2]. Based on the analysis, it looks the proposed test procedure may still have some issues, e.g., unable to determine the UE OOS status correctly. Thus, further investigation is still needed for NB-IoT RLM OOS test procedure.

References
[1] R4-79AH-0079, NB-IoT UE RLM Test Cases, Nokia
[2] R4-79AH-0287, WF on NB-IoT Radio Link Monitoring Performance Test Procedure, Qualcomm Incorporated, Ericsson, Huawei, HiSilicon 
[3] 3GPP TS 36.211
[4] 3GPP TS 36.213
4

3

image1.emf
Qin

Qout

SNRlevel

A

B

T1 T2

T3

[200+40]ms

C

SNR1

SNR2

SNR3


oleObject1.bin
Qin


Qout


T1


SNR level


A


B


T2


T3


[200+40] ms


C


SNR1


SNR2


SNR3



