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1. Introduction
Legacy LTE and Cat-M1 CE mode A RLM tests rely on periodic CQI scheduling [1]. Since Rel-13 eMTC CE mode B, does not support periodic CQI scheduling or SPS, a new procedure for testing RLM in CE mode B was identified in RAN4 #80 [2]. In this contribution, we provide suggestions to further refine the RLM test procedure. 
2. Discussion 
2.1. Basic test procedure 

The RLM test procedure is CE mode B is based on UL grants. The key idea is that if UE will be provided with an uplink grant and TE will check UE’s response to that grant

· If UE is in-sync state it should decode the grant and respond to it

· If the UE is in out-of-sync state and has triggered an RLF, even if UE can “decode” the grant it should not respond to it
2.1.1. OOS test

Following is the text of the OOS test verbatim from the way forward [2]
“Test procedure 
· Using one cell (Cell 1) in the OOS test. SNR variation of the Cell 1 is shown in figure below
· Time period T1: Connection setup with SNR1 (Qin + Margin)
· Point A: SNR is decreased from SNR1 to SNR2 (Qout + Margin)
· Time period T2: provide the UE with a UL grant for PUSCH transmission at Point B. The grant at  is scheduled with [(24,256)] and the number of scheduling is FFS. UE should response to the UL grant. Point B allows UE to detect OoS and trigger RLF, but also allows UL transmission to finish before Point C.
· Point C: SNR is decreased from SNR2 to SNR3 (Qout - Margin)
· Time period T3: Allow UE to detect OOS and declare RLF (OOS timer disabled) 
· Point D: SNR is increased from SNR3 to SNR1. 
· Time period 4: provide the UE with a UL grant for PUSCH transmission at Point D. For a UE declared RLF before point D, it will not response to the UL grant. A UE that failed to declare RLF will stay in connection and response to the UL grant. The grant at  is scheduled with [(24,128)]
· OOS Test Requirements
· UE shall complete the UL transmission according to the UL grant during T2 
· UE shall NOT response to the UL grant during T4
· The rate of correct events observed during repeated tests shall be at least 90%”
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Figure 1. Out of sync test SNR configuration
Figure 1 shows the proposed OOS SNR configurations. Besides figuring out the durations of T1, T2,…, T4 and dT, there are two key open issues in the OOS test 

(1) How many UL grants that should be issued during T2? and 

(2) What happens if UE starts RRC re-establishment in T4? 

Regarding (1), since SNR2 is not guaranteed to have 0% BLER of MPDCCH (of AL = 24, R = 256) corresponding to the UL grant, it is recommended that the TE issues a number of UL grants out of which the UE should respond to at least a subset of them. Since SNR2 > Qout, BLER of the MPDCCH (of AL = 24, R = 256) should be less than 10%, but is likely to be more than 1%.  Hence all grants will likely not be decoded by the UE. Issuing too many grants in T2 will unnecessarily increase the length of the test. As a first step, we recommend that the TE issue 10 UL grants out of which UE should reliably decode at least 8 grants and respond to it. Further study to obtain the CDF of the number of grants (out of 10grants) that can be reliably decoded is needed.
Proposal 1: As a first step, we recommend that the TE issue 10 UL grants out during T2 of which UE should reliably decode at least 8 grants and respond to it. Further study to obtain the CDF of the number of grants (out of 10grants) that can be reliably decoded is needed. 

Regarding (2), a UE may quickly realize that it is good SNR condition when it is in T4 and may start RRC re-establishment. In this case, the TE should recognize that the UE is transmitting on PRACH and not on PUSCH, and should consider the UE passing the test criterion. Otherwise, a good UE that can quickly realize that the SNR condition is good will be penalized. 

Proposal 2: No PUSCH response to the UL grant and RRC re-establishment attempt in T4 should also be considered as passing the test criterion in T4.
2.2. In sync test

Following text regarding the in-sync test procedure in mode B is verbatim from the way forward [2]
“Test procedure 
· Using one cell (Cell 1) in the IS test. SNR variation of the Cell 1 is shown in figure below
· Time period T1: Connection setup with SNR1 (Qin + Margin)
· Point A: SNR is decreased from SNR1 to SNR3 (Qout - Margin)
· Time period T2: Allow UE to detect OOS but has not triggered RLF, and allow UE to have enough time to get IS
· Point B: SNR is increased from SNR3 to SNR1. 
· Time period 3: provide the UE with a UL grant for PUSCH transmission after Point C. Point C allows UE to detect OOS and trigger RLF
· IS Test Requirements
· The UE shall transmit uplink signal according to the UL grant sent at Point B
· The rate of correct events observed during repeated tests shall be at least 90%”
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Figure 2. SNR configuration in in-sync RLM test
One clarification that is necessary is regarding when exactly is the UL grant issued in the in-sync test. For reliable decoding of the UL grant, it should be issued at the start of T3, and not at time point B (as it reads in the way forward currently [2])
Proposal 3: For reliable decoding of the UL grant, it should be issued at the start of T3, and not at time point B.
2.3.  Propagation channel
In the way forward [2], 4 propagation channels are considered AWGN, ETU 1Hz, ETU 5Hz and ETU 30Hz. The Qin and  Qout evaluation periods are respectively 2000 and 4000ms. For AWGN channel, the average SNR, averaged over 2000ms will be very close to the configured average SNR. However, that’s not the case with fading channels. In Figure 3, we show the cdf of average SNR, averaged over 2000ms for ETU 1, 5 & 10Hz. Note that for 1Hz channel the cdf of average SNR is larger than ±4dB. If ETU 1Hz channel is configured in the test, then for each of SNRs configured in the test, the actual average SNR can be off by 4dB or more. Such large variance average SNR not desirable. During the test a good UE might get an accurate average SNR depending on the random realization (which is possibly several dBs off from configured SNR) and may conclude in-sync and out-of-sync accordingly. On the other hand, test criterion of whether UE should conclude in-sync or out-of-sync will depend on configured SNR, not the average SNR of the random realization. This disconnect can lead to good UE failing tests in ETU1Hz channel.
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ETU5 and ETU30 Hz have tighter distributions of average SNR, as is evident from Figure 1. Since the evaluation time has increased only by 10 times compared to CE mode A, it is recommended that the fading doppler be not slowed down to 1Hz, rather 5Hz or 10Hz are desirable. 
Proposal 4: ETU5Hz or ETU10Hz can be used as the propagation channel for RLM test in CE mode B. ETU 1Hz is not desirable.
2.4. Simulation results 
<will be updated later> 

3. Conclusion 

In this contribution, we have the following proposals regarding RLM test procedure and configurations in CE mode B
 Proposal 1: As a first step, we recommend that the TE issue 10 UL grants out during T2 of which UE should reliably decode at least 8 grants and respond to it. Further study to obtain the CDF of the number of grants (out of 10grants) that can be reliably decoded is needed. 

Proposal 2: No PUSCH response to the UL grant and RRC re-establishment attempt in T4 should also be considered as passing the test criterion in T4.

Proposal 3: For reliable decoding of the UL grant, it should be issued at the start of T3, and not at time point B.
Proposal 4: ETU5Hz or ETU10Hz can be used as the propagation channel for RLM test in CE mode B. ETU 1Hz is not desirable.
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