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1 Introduction
Rel-14 WI “Further Enhanced MTC” [1] was approved at RAN#72. One of the possible enhancements that was discussed in last three RAN4 meetings is the MPDCCH monitoring based RRM/RLM requirements. However, no conclusion was reached so far.

Based on offline discussions in RAN4#82, the remaining open issue is whether both RLM and RRM measurement requirements should be scaled based on MPDCCH monitoring configuration, or only RLM requirements should be scaled. What is also open is whether to apply the MPDCCH monitoring based scaling for requirements of inter-frequency measurement and positioning measurement. 
In this paper, we will briefly re-iterate the background and solution of the proposed enhancement, and provide our views on what requirements should be scaled based on MPDCCH monitoring.
2 Discussion
In Rel-13 eMTC, the MPDCCH search space is designed such that UE may be configured to monitor MPDCCH in a discontinuous manner even when DRX is not configured. The expected UE behavior when DRX is not configured is illustrated in Figure 1. 
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Figure 1: MPDCCH monitoring when DRX is not configured
As shown in Figure 1, UE will monitor MPDCCH in a period T=r_max*G (G≥1) where r_max subframes, and the UE may turn off its transceiver for power saving outside this monitoring window until the next MPDCCH monitoring period. 
 subframes. In this case, UE needs only to monitor MPDCCH in the window of r_max is the configured maximum MPDCCH repetition level, G is the configured parameter for controlling MPDCCH monitoring period. Within each MPDCCH monitoring period T, the UE is required to monitor MPDCCH in a window of r_max 
The motivation of this design in RAN1 is to enable power saving for eMTC UEs, for which the traffic is delay tolerate and battery life is more important. With the MPDCCH design, UE is allowed to switch off its RF chain in subframes where it is not required to monitor MPDCCH. 

Observation 1: eMTC UE may be configured to monitor MPDCCH in a discontinuous manner in order to enable power saving. 

However, in Rel-13 the RRM/RLM requirements for eMTC are defined without considering UE may be configured to monitor MPDCCH in a discontinuous manner. In non-DRX requirement, UE is assumed to measure once per MGRP; in DRX requirement, UE is assumed to measure once per DRX cycle. As a result, even UE is allowed to switch off its RF chain from MPDCCH monitoring point of view, it cannot do so because otherwise it will not be able to meet the RRM/RLM requirements.       

Observation 2: Rel-13 eMTC UE RRM/RLM requirements are defined without considering UE may be configured to monitor MPDCCH in a discontinuous manner.
The latest outcome based on the offline discussion in RAN4#82 is copied below.

	· RLM and intra-frequency RRM measurement requirements (except positioning measurements) are updated to take UE MPDCCH monitoring configuration into account

· When UE is using DRX/eDRX:

· the existing Active state definition defined in 36.321 is followed; to be clarified in 36.133 that the current DRX/eDRX requirements apply, provided that the MPDCCH repetitions are configured in DRX ON

· When UE is not using DRX/eDRX:

· current non-DRX requirements apply, except:

· when G> 1, and
· r_max*G > MGRP for CEMode A and r_max*G>800ms for CEMode B
· when UE does not detect it is scheduled to receive data after the MPDCCH monitoring period

· In the above exceptions, the measurement period depends on r_max*G

· SI reading requirements to be clarified that current requirements apply regardless of MPDCCH monitoring configuration

· In RAN4#82bis, RAN4 to decide which approach to apply with respect to MPDCCH monitoring in the requirements for:

· inter-frequency RRM measurements,

· Positioning measurements


One open issue is whether both RLM and RRM measurement requirements should be scaled based on MPDCCH monitoring configuration, or only RLM requirements should be scaled. It also relates to whether the highlighted condition should be added or not. 

In our understanding, although RRM measurements for feMTC are performed in gaps, if we look at the legacy DRX requirements for inter-frequency measurements which are also performed in gaps, they are scaled with DRX cycle while DRX is only about PDCCH monitoring on serving carriers. As from UE’s perspective G serves a purpose similar to that of DRX, we think the scaling based on G should also apply to RRM measurements.

In addition, it may also be confusing if RLM requirements are scaled with G but RRM requirements are not, because it may imply that the RLM is based on real MPDCCH monitoring. In our understanding, both RLM and RRM measurements are based on CRS measurement, so they should be handled in the same way.
Proposal 1: Both RLM and RRM requirements should be scaled with MPDCCH monitoring period.

Another open issue is whether to apply the MPDCCH monitoring based scaling for requirements of inter-frequency measurement and positioning measurement. 

As said above, legacy inter-frequency requirements are scaled with DRX cycle even DRX is only about serving cell. As G serves similar purpose as DRX, we think inter-frequency requirements should be also scaled with G. The reason is that if inter-frequency requirements are not scaled, when DRX is not configured, the current requirement applies assuming UE measures every MGRP (measurement gap repetition period) on inter-frequency carriers, and clearly UE can still not save power from the sparse MPDCCH monitoring because it has to keep the RF on for measurement. 
Proposal 2: Both intra- and inter-frequency RRM requirements should be scaled with MPDCCH monitoring period.
As to the positioning measurements, the legacy OTDOA measurement requirements are same for DRX and non-DRX, i.e. the requirements are not scaled with DRX cycle. Following the same principle, OTDOA requirements should not be scaled with G, either. The legacy ECID measurement requirements are scaled with DRX cycle when DRX is used, so it is straightforward that OTDOA requirements are also scaled with G.
Proposal 3: OTDOA requirements should not be scaled with MPDCCH monitoring period. ECID requirements should be scaled with MPDCCH monitoring period.
3 Conclusions 

In this paper, we continued to discuss scaling RLM/RRM requirements based on the MPDCCH monitoring period. 

Observation 1: eMTC UE may be configured to monitor MPDCCH in a discontinuous manner in order to enable power saving.
Observation 2: Rel-13 eMTC UE RRM/RLM requirements are defined without considering UE may be configured to monitor MPDCCH in a discontinuous manner.
Proposal 1: Both RLM and RRM requirements should be scaled with MPDCCH monitoring period.
Proposal 2: Both intra- and inter-frequency RRM requirements should be scaled with MPDCCH monitoring period.
Proposal 3: OTDOA requirements should not be scaled with MPDCCH monitoring period. ECID requirements should be scaled with MPDCCH monitoring period.
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