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1 Introduction
The RRM core part of Rel-13 WI “Further LTE Physical Layer Enhancements for MTC” [1] was completed in RAN4#78. In RAN4#78bis and RAN4#79, most of the CEMode A test cases have been finalized, and initial discussions have taken place regarding the testing method for some CEMode B tests.

RLM tests for CEMode B is quite challenging as existing testing method cannot be re-used. A WF [2] was agreed in RAN4#79, and the options there are copied below.

	1) Radio link monitoring for CEModeB

· Problem: no CQI reporting is supported for Cat-M1 UE in CEModeB. Hence, RLM cannot be tested using existing testing methodology.

· Following options are under consideration:

· Option 1: Periodic serving cell RSRP measurement reporting

· Option 2: Periodic/continuous PUSCH scheduling

· Option 3: Use re-establishment to verify UE RLF status

· Other options are not precluded
· Based on the input and discussions, the necessity of the test will be discussed at RAN4#80.


In this paper, we will provide our views how to test RLM in eMTC CEMode B.    

2 Discussion
The most critical issue for CEMode B RLM test is the testing method. 

There are 3 options in [2]. In our view, option 1 and option 2 are same. It is true that periodic RRM measurement reporting can be configured to the UE, however, the L1 transmission of PUSCH (which carries the measurement report) is still scheduling based. The only way to have periodic PUSCH transmission is using SPS, but unfortunately it is also not supported for CEMode B.
Observation 1: Option 1 and option 2 are same.

Option 2 and option 3 have been extensively discussed in RAN4#79. 
The idea of option 2 is to continuous schedule PUSCH to the UE under test, and UE RLF status is indicated by whether there is PUSCH transmission or not. Problems with this option include 

1) The intention if RLM is that it should be working all the time even without real scheduling, so with continuous scheduling the correct UE behaviour or performance may not be testable. I.e. it cannot be differentiated if a UE is comparing estimated SNR with Qin/Qout or it is counting the MPDCCH decoding results.

2) The lowest SNR level involved in the test (SNR3) is around 5dB lower than Qout, the latter corresponding to 10% BLER of MPDDCH with maximum redundancy level. It means the MPDCCH cannot be decoded error-free, so it would be impossible to tell if stop of PUSCH transmission is caused by failed decoding of MPDCCH or by RLF.
We noted that during RAN4#79AH, the RLM test for NB-IoT, which has the similar issue as eMTC CEMode B, was also discussed, and a WF [3] was agreed. In [3] a variant of option 2 is proposed, which tries to solve problem 2) above by making eNB to schedule the UE with MPDCCH 10 times when SNR3 is used. As we should target for common testing method for eMTC and NB-IoT, we also analysed this option (called option 2a), however, there are still problems that need to be addressed before we can decide to use this option for testing.

1) The idea of option 2a is to leave long time (covering 10 times MPDCCH and PUSCH). It may work if the time is long enough (even it is difficult to decide how long is enough) but what is verified is only that UE will trigger RLF at SNR3, and the L1 evaluation period (one of the core requirements) is not testable.
2) Scheduling MPDCCH 10 times does not necessarily mean UE would decode correctly for at least once. UE may not decode any one of the MPDCCHs. It should be noted that SNR3 is lower than Qout, so the theoretical decoding BLER would be larger than 10%.
3) Another important purpose of the RLM test is to verify UE could accurately estimate CRS SNR within the evaluation time, and this was achieved by checking UE not going into OoS at SNR2 and UE not to recover to IS at SNR4. With option 2a, SNR2 and SNR4 are removed, so the testing purpose is not complete.
4) For half duplex eMTC UE (and NB-IoT UE), UE will not be able to monitor DL RS during the repetition of an UL transmission. This means the current side condition of half duplex requirement (that at least 1 DL subframe per radio frame of PCell is available at the UE during evaluation periods) is not always met, so the time durations (T1-T5) needs to be revisited but anyway they are not according to requirement defined in core part.
Observation 2: Option 2 and option 2a have the MPDCCH decoding issue, and have big deviation from the test purpose. 

The idea of option 3 is to use RRC re-establishment, and UE RLF is indicated by whether UE triggers re-establishment or not. The method has been discussed in Rel-8, and the reason it was not selected is that it is very complex due to the need for a second cell (as the serving cell is not a suitable cell after RLF). A more important problem with this option is that UE would perform cell selection after RLF for which there is no requirement. UE may not finish cell selection during T311 and goes into idle mode, so it is hard to determine the time point to check UE’s PRACH to the second cell. 
Observation 3: Option 3 is complex and has the uncertainty in cell selection time.
Based on our analysis, each option has its own problems. Currently we do not have clear preference which option should be chosen, and would like to hear opinions from other companies.
Beside the testing method, there are other details to be decided for CEMode B test. We have discussed them in RAN4#79, and we think the proposals are still valid.
For CEMode A, two sets of aggregation level and repetition level are used in the test cases, in order to verify UE is using the correct assumption for mapping CRS SNR to BLER. We think the same method can be used for CEMode B also. The exact values for the two sets can be further discussed, and our initial preference is given below.

· Set 1: (24,256) for Out-of-sync and (8,128) for In-sync
· Set 1: (16,128) for Out-of-sync and (4,64) for In-sync
Proposal 1: Two sets of aggregation level and repetition level (AL,R) are used for CEMode B test.

· Set 1: (24,256) for Out-of-sync and (8,128) for In-sync

· Set 1: (16,128) for Out-of-sync and (4,64) for In-sync

Implementation margins used to derive the SNR levels from Qin/out are not decided for CEMode A yet. For CEMode B, UE is working under very low SNR condition, but at the same time allowed more time to evaluate the CRS SNR, so we think the same margin as for CEMode A can be used for CEMode B.

Proposal 2: Same margins as for CEMode A are used for CEMode B to derive SNR levels from Qin/Qout.
3 Conclusions 

In this paper, we analysed different options to test RLM for eMTC CEMode B, and e following observationsand proposals.
Observation 1: Option 1 and option 2 are same.

Observation 2: Option 2 and option 2a have the MPDCCH decoding issue, and have big deviation from the test purpose. 

Observation 3: Option 3 is complex and has the uncertainty in cell selection time.
Proposal 1: Two sets of aggregation level and repetition level (AL,R) are used for CEMode B test.

· Set 1: (24,256) for Out-of-sync and (8,128) for In-sync

· Set 1: (16,128) for Out-of-sync and (4,64) for In-sync

Proposal 2: Same margins as for CEMode A are used for CEMode B to derive SNR levels from Qin/Qout.
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