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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 two RAN4 meetings is the MPDCCH monitoring based RRM/RLM requirements. In RAN4#81, a WF [2] was proposed but not agreed.
In this paper, we will briefly re-iterate the background and solution of the proposed enhancement, and also address some concerns raised up by companies.
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 proposed solution given in [1] are copied below.

	· When G is configured to 1, existing requirements are reused.
· When G is configured larger than 1 and no DRX parameters are configured, RRM/RLM requirements for feMTC in connected mode are updated to take UE MPDCCH monitoring configuration into account.
· If UE does not detect it is scheduled by MPDCCH during MPDCCH monitoring window, the measurement period for RRM/RLM requirement are defined in same way as current DRX requirements with DRX cycles replaced by MPDCCH monitoring period (r_max*G).
· If UE detects it is scheduled by MPDCCH during MPDCCH monitoring window, the existing RRM/RLM requirements are reused until the next MPDCCH monitoring period.
· How to capture above into specification is FFS.
· How to address idle mode requirements is FFS. 
· When G is configured larger than 1 and DRX parameters are configured, FFS if and how RRM/RLM requirements for feMTC are updated to take UE MPDCCH monitoring into account, or if some applicability rules (in terms of relation between DRX cycle length and rmax*G) for existing requirements are defined.


One concern mentioned in RAN4#81 is whether RRM and RLM requirements should be updated to take UE MPDCCH monitoring into account, or only RLM requirements are to be updated as it is related to MPDCCH. 

Our view is that both requirements should be updated. RLM is based on hypothetical MPDCCH monitoring, but what UE is required to do for RLM is to estimate SINR by monitoring CRS, so in that sense it is very similar as RRM measurement. If we treat RLM and RRM measurement separately it will somehow imply that RLM is based on real MPDCCH monitoring. Also scaling the RLM requirements with MPDCCH monitoring period but not the RRM requirements will limit the power saving.

Proposal 1: Both RLM and RRM requirements should be updated to take UE MPDCCH monitoring into account.

Another concern mentioned in RAN4#81 is whether there is any impact to CGI reading requirement if MPDCCH monitoring is considered. Although it was confirmed in offline discussion that the delay requirement is not impacted, the ACK/NACK number may be different if MPDCCH monitoring is considered. 

However, the CGI reading requirement was discussed and finalized in RAN4#81, and in the latest requirement there is no ACK/NACK number. There is thus no need to consider the impact of MPDCCH monitoring in the CGI reading requirement.
Proposal 2: CGI reading requirements are not impacted by MPDCCH monitoring. 

Another concern mentioned in RAN4#81 is the handling of idle mode. In 36.213, the starting subframe of MPDCCH for UE to monitor paging is defined as below, and it can be seen that there is no configuration for discontinuous monitoring (i.e. no parameter G defined for Type1-MPDCCH common search space). Therefore, the current idle mode requirements, in terms of detection, measurement and evaluation time for reselection should be reused.
	For Type1-MPDCCH common search space, 
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 and is determined from locations of paging opportunity subframes.


Proposal 3: Idle mode requirements are not impacted by MPDCCH monitoring.

The last concern mentioned in RAN4#81 is how to interact with DRX state in current 36.133. In our understanding, there are two cases where UE is considered in non-DRX state from RRM requirement point of view:

1) UE is not configured with DRX

2) UE is configured with DRX but has been scheduled (e.g. inactivity timer is running)

For the first case, UE MPDCCH monitoring is completely based on configuration of MPDCCH monitoring window (r_max) and period (T). In order to enable power saving, it is reasonable to assume UE measures once per MPDCCH monitoring period and thus scale RLM/RRM requirements accordingly. As an example, the cell identification delay can be defined as 36*r_max*G, and the measurement delay 12*r_max*G.

If UE gets scheduled in the MPDCCH monitoring window, UE would keep RF active to receive PDSCH until the end of the MPDCCH monitoring period, and during this time the current non-DRX requirement should be re-used. It should be also noted that the current non-DRX requirements assume UE measures once per MGRP, so it would only help power saving if G is larger than 1 (UE will monitor MPDCCH discontinuously) and T = G*r_max > MGRP.
For the second case, if UE is scheduled by detecting the MPDCCH towards it during the MPDCCH monitoring window, UE enters non-DRX state and should keep its RF active to receive PDSCH. Since there would be no power saving, it is reasonable to reuse the current non-DRX requirements. There may be discrepancy on when UE should go back to DRX state if MPDCCH monitoring is taken into account:

· Option 1) follow DRX configuration, i.e. when inactivity timer expires, 

· Option 2) follow MPDCCH monitoring configuration, i.e. at the end of the current MPDCCH monitoring period.

We don’t see big difference between the two options, and in order to minimize the specification impact, we prefer to go with option 1).

Proposal 4: If UE is in non-DRX state, current non-DRX requirement is re-used unless the following conditions are met

· G is larger than 1, R_max*G is larger than MGRP, and 
· UE is not configured with DRX, and  
· UE does not detect it is scheduled in the MPDCCH monitoring period.
in which case RLM/RRM requirements are scaled with r_max*G.

UE is considered in DRX state from RRM requirement point of view if UE is configured with DRX and UE is not scheduled. In [2] the applicability rule for current DRX requirements is proposed, that DRX requirements apply only when the configured MPDCCH monitoring period (r_max*G) is not greater than DRX cycle. This proposal essentially puts restrictions on eNB configuration, because otherwise there would be no UE requirement. 

In our view, the requirements defined in specification should avoid enforcing implementation restriction as much as possible. One way to handle the DRX requirements without implementation restriction is to scale the requirements with max{DRX cycle, MPDCCH monitoring period}. For example, a new MPDCCH-DRX-cycle can be defined as max{DRX cycle, MPDCCH monitoring period}, and used for performance requirements as in Table 1 below.
Table 1: Requirement to identify a newly detectable FDD intrafrequency cell

	Gap pattern ID
	MPDCCH-DRX cycle length (s)
	Tidentify_intra_UE cat M1 (s) (MPDCCH-DRX cycles)

	0
	≤0.04
	1.44 (Note1)

	
	0.04<MPDCCH-DRX-cycle≤0.08
	Note2 (40)

	
	0.128
	3.2 (25)

	
	0.128<MPDCCH-DRX-cycle≤2.56
	Note2(20)

	1
	<0.128
	2.88 (Note1)

	
	0.128
	3.2 (25)

	
	0.128<MPDCCH-DRX-cycle≤2.56
	Note2(20)

	Note1:
Number of MPDCCH-DRX cycle depends upon the DRX cycle in use

Note2:
Time depends upon the MPDCCH-DRX cycle in use
Note3:
MPDCCH-DRX cycle is max{DRX cycle, MPDCCH monitoring period}   


Proposal 5: If UE is in non-DRX state, current non-DRX requirement is updated by replacing DRX cycle with max{DRX cycle, MPDCCH monitoring period}. 
3 Conclusions 

In this paper, we continued to discuss the MPDCCH monitoring based RLM/RRM requirements. 
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 updated to take UE MPDCCH monitoring into account.
Proposal 2: CGI reading requirements are not impacted by MPDCCH monitoring.
Proposal 3: Idle mode requirements are not impacted by MPDCCH monitoring.
Proposal 4: If UE is in non-DRX state, current non-DRX requirement is re-used unless the following conditions are met

· G is larger than 1, R_max*G is larger than MGRP, and 
· UE is not configured with DRX, and  
· UE does not detect it is scheduled in the MPDCCH monitoring period.
in which case RLM/RRM requirements are scaled with r_max*G.

Proposal 5: If UE is in non-DRX state, current non-DRX requirement is updated by replacing DRX cycle with max{DRX cycle, MPDCCH monitoring period}. 
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