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1. Introduction
Mobility enhancement is in the scope of Rel-14 work-item on FeMTC [1]. We proposed event triggered RLM enhancements to eMTC that would improve connected mode mobility within the same cell [2,3]. In RAN4 #80bis, another contribution in-coherence with our proposal was presented [4]. In this contribution, we briefly summarize our proposal. In addition, we highlight the difference of our proposal from existing measurement and CQI reporting. Finally, we discuss potential methodology for testing the proposed feature. 
2. Proposed RLM enhancement for connected mode mobility
In our paper [2], we provided motivation and potential methodology for improving mobility “within a cell”. In this contribution, we give a brief background and then provide some concrete proposals.
2.1. Motivation & Background 

In Rel-13 eMTC, the Qin and Qout levels for deciding in-sync and out-of-sync are based on the max aggregation, max repetition level & CE mode, all of which are network configurable. It is easily possible that a UE that is in out-of-sync for its current configuration, i.e., for the configured max aggregation level (Rmax), max repetition level (ALmax) and CE mode, could have been in-sync if it had a different configuration. The SNR trajectory that moves a UE into out-of-sync is likely to be gradual and hence it is possible that the UE can pre-emptively detect whether it is likely to move into out-of-sync in future. If, at a certain point of time, the network also knows that the UE is likely to move into out-of-sync, then it can pre-emptively reconfigure the UE with a different configuration which can prevent it from going into out-of-sync. Hence, in [2], we proposed that UE can trigger an event and send an indication to the network that it is likely to go into out-of-sync. We call it an Early Qout event.
Another scenario that is possible is that a UE that is in-sync under its current network configuration can also be in-sync with respect to another network configuration that has a lower max aggregation level or lower max repetition level or a different CE mode. If UE can detect such a scenario and indicate the same to the network, then the network maybe able to reconfigure the UE with a lower Rmax or ALmax, or in CE mode A. Hence in [2], we proposed that UE can trigger an event and send indication to the network that it can be reconfigured with a lower Rmax, ALmax, etc.. We call it an Early Qin event.
Proposal 1: Introduce new Early Qout and Early Qin Event triggers by UE to enable eNB to pre-emptively change max MPDCCH aggregation and/or repetition levels to provide UE with a reliable link quality during coverage level transitions during UE mobility. 
2.2. Main Proposals 

Let us call the early Qout event E1 and early Qin event E2. In this section, we describe our proposal for when the UE should trigger E1 and E2; and what action should the UE take upon triggering of the event.
2.2.1.  Triggering of events  

For early Qout event it makes sense for the UE to compare its measured RLM SNR against SNR for Qout in the current configuration and if the difference between RLM SNR and current Qout SNR drops below a certain threshold (say threshold_delta_1), then event E1 is triggered, i.e.,
Event E1 is triggered if
· E1 (RLM SNR - Qout_current) < threshold_delta_1
Event E1 is intended to avoid RLF. On the other hand event E2 is intended improve network resource utilization, and improve power efficiency at the UE. Event E2 should be triggered if the delta between measured RLM SNR and Qin level of another network configuration (with either lower Rmax or lower ALmax or mode A instead of B) exceeds a certain threshold (say threshold_delta_2), i.e., 
Event E2 is triggered if 

· if((RLM SNR > Qin_(another network config)) > threshold_delta_2) 
Note that threshold_delta_1 and threshold_delta_2 may be configured by the network. Also, for event E2, the network configuration whose Qin the RLM SNR needs to be compared with may also be configured by the network.
Proposal 1: Let the early Qout event be called E1 and early Qin event be called E2. 

Event E1 is triggered if

· E1 (RLM SNR - Qout_current) < threshold_delta_1

Event E2 is triggered if 

· if((RLM SNR > Qin_(another network config)) > threshold_delta_2) 

threshold_delta_1, threshold_delta_2 are possibly network configured. Also, for event E2, the network configuration whose Qin the RLM SNR needs to be compared with may also be configured by the network. 
2.2.2.  UE action upon triggering of the event

Triggering of both the events should result in sending a suitable indication to the network that the event has occurred. In addition, UE maybe able assist the network by sending some additional information, especially in case of E1. The purpose of Event E1 is prevent RLF from occurring immediately (soon). So, the UE may want to communicate to the network the network configuration that will prevent it from going into RLF. Since UE has more knowledge about its mobility, doppler, channel conditions etc, we propose that when the UE triggers an event E1, it may send a suitable network configuration, i.e., values for the three tuple (ALmax, Rmax, CEmode) that will ensure that it does not go into RLF soon. The network may choose to use that information while reconfiguring the UE.
Proposal 2: Event E1 and E2 should result in UE sending a suitable indication to the network that the event has occurred.

Proposal 3: Associated with event E1, UE may indicate a three tuple (ALmax, Rmax, CEmode) that will ensure that UE will not go in RLF immediately.

3. Advantage over existing measurements 

RSRP measurement reporting is another mechanism through which network can assess the quality of the link. However, RSRP by itself is not a good measure of MPDCCH BLER. MPDCCH BLER depends on several factors such as delay and doppler spread of the channel, none of which well captured in RSRP measurement. Further, RSRP accuracy in low Es/Iot conditions is very poor (as bad as 8-10dB depending on the band) [see 36.133]. Such inaccurate measurement are certainly not reliable for network to assess whether the UE is likely to RLF soon or not. Hence RSRP measurement can be safely ruled out as a candidate for enhancing intra-cell mobility.
CQI reporting can give network a better idea of link quality compared to RSRP. However, CQI is a quantized measurement. As the link quality degrades, CQI floors to its lowest value. Beyond that, CQI report will not provide any further knowledge on whether link quality is further degrading or not. Also, in eMTC, the CSI reference resource is extended to span M subframes, where M is equal to the maximum value of R in the set of repetition numbers of PDSCH configured by higher layer signalling. On the other hand, MPDCCH BLER depends on ALmax, Rmax, both of which are higher layer parameters related to MPDCCH, and can be independent of PDSCH parameters. If the maximum value of R in the set of repetition numbers of PDSCH configured by higher layer signalling is smaller than Rmax, then the CQI will floor quite some time before RLF can happen. Hence a UE reporting low CQI would not necessarily indicate that is close to RLF. Finally, CQI reporting is not even supported in CE mode B. For the aforementioned reasons, CQI reports are also not a good candidate for the network to assess link quality, especially when the link quality is close Qout SNR levels. 
4. Testing methodology

In RAN4 80bis, some concerns were raised regarding how our proposed feature can be tested. In our view, testing of such a feature is straightforward, very similar to existing event triggered reporting tests. In the test, UE will be configured with an ALmax and Rmax. Similar to the RLM test, based on the Qin and Qout SNR levels, we can derive SNR levels (that includes threshold_delta_1 or threshold_delta_2 & some additional margin) such that once a UE is configured with such SNR, it has to trigger a relevant event (E1 or E2) within a specified delay. Any UE that fails to trigger the event would fail the test. Additionally, if the SNR is sufficiently higher than Qout SNR or sufficiently lower than the Qin SNR (or a lower Rmax, ALmax), then UE should not trigger any events. Any UE that triggers an event would fail the test. Such test would be simple and would reliably test whether UE has implemented the feature correctly or not. 
5. Conclusion
In this paper, we describe our proposal to improve intra-cell mobility performance for Rel-14 FeMTC.

Proposal 1: Let the early Qout event be called E1 and early Qin event be called E2. 

Event E1 is triggered if

· E1 (RLM SNR - Qout_current) < threshold_delta_1

Event E2 is triggered if 

· if((RLM SNR > Qin_(another network config)) > threshold_delta_2) 

threshold_delta_1, threshold_delta_2 are possibly network configured. Also, for event E2, the network configuration whose Qin the RLM SNR needs to be compared with may also be configured by the network. 

Proposal 2: Event E1 and E2 should result in UE sending a suitable indication to the network that the event has occurred.

Proposal 3: Associated with event E1, UE may indicate a three tuple (ALmax, Rmax, CEmode) that will ensure that UE will not go in RLF immediately.
We also provided justification on why such event triggered based RLM enhancement is better than using RSRP measurement or CQI reporting. Finally, we provided a potential testing methodology.
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