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1. Introduction
Rel-15 Even further enhanced MTC for LTE WID has been approved and revised. Support higher UE velocity is one of the new requirements [1].
Improved spectral efficiency:

· Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
· Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.

In this paper, we discuss the potential impact on RRM requirement for CRS muting. 
2. Discussion
RAN1 sent LS to RAN4 [2] on CRS muting. It is RAN1’s observation that RAN4 is best positioned to define for a network where all the UEs present are BL UEs supporting the new CRS muting capability signalling, the:

· Minimum amount(s) of CRS 

· Value(s) of X corresponding to number of the PRBs outside the narrowband/wideband used by BL UEs for CRS.

UE RF bandwidth may exceed the narrowband network configured. It is possible that UE use its full RF bandwidth to measure CRS for e.g. time and frequency tracking, especially for the serving cell. Thus the values of X corresponding to number of the PRBs outside the narrowband/wideband used by BL UEs for CRS may depend on UE implementation. In order not to constrain UE implementation, it is proposed not to limit CRS within central 6RB.
Observation1: It is possible that UE use its full RF bandwidth to measure CRS for frequency tracking purpose. 
For IDLE state eMTCs, there are the cases where ‘warm-up’ subframes are needed for IDLE UEs to wake up.
· monitoring paging instances
· monitoring system information updates

· checking on RACH preamble transmission
In IDLE mode UE can be informed about system information changes either by paging information or by SIB1. Thus it is needed in either case that a ‘warm-up’ phase. In the case of random access procedure, an IDLE UE also needs ‘warm-up’ phase before wake-up. 
One of the main purposes of warm-up subframes are to acquire precise time and frequency tracking for demodulation or UL transmission.

Under enhanced coverage, a large number of ‘warm-up’ subframes are expected. Also for the eDRX mode, a large number of ‘warm-up’ subframes are expected since UE may already lost downlink and frequency time tracking. If not enough ‘warm-up’ subframes are there, UE may miss the paging window.

Observation2: A large number of warm-up subframes are required in IDLE mode for PBCH/SI/Paging acquisition and channel estimation before UE wake up.
The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te. This requirement applies when it is the first transmission in a DRX, eDRX_CONN cycle for PUCCH, PUSCH and SRS or it is the first transmission after RACH-less handover or it is the PRACH transmission.  In order to fulfil the requirement, UE has to wake up before to get accurate enough DL timing. 

Under enhanced coverage, a large number of ‘warm-up’ subframes are expected. Also for the eDRX mode, a large number of ‘warm-up’ subframes are expected since UE may already lost downlink and frequency time tracking. If not enough ‘warm-up’ subframes are there, UE may not fulfil the transmission timing error requirement.

Observation 2: A large number of warm-up subframes are required before the initial UE transmission timing.
Thus evaluation on how many warm-up subframes are required is needed.
Proposal 1: Evaluate on how many warm-up subframes are required before 

UE initial transmission in a DRX or eDRX_CONN cycle

PBCH/SI/Paging/PDSCH acquisition in connected DRX, eDRX_CONN cycle

PBCH/SI/Paging/PDSCH acquisition in idle mode, eDRX_IDLE cycle

Both CEModeA and CEModeB need to be considered.

In Rel-13 eMTC simulation campaign, companies used different receiver algorithms. In CEmodeB, companies generally use multiple CRS subframes per sample in order to overcome low SNR. For RLM, CRS is used to derive RS-SINR as indicator of hypothetic BLER rate. 
Companies are encouraged to provide CRS sampling rate and number of CRS needed for RSRP/RSRQ measurement and RLM.
Proposal 2: Companies are encouraged to provide CRS sampling rate and number of CRS needed for RSRP/RSRQ measurement and RLM for eMTC. 

3. Conclusion
In this paper, we discuss the potential impact on RRM requirement for CRS muting.
Observation1: It is possible that UE use its full RF bandwidth to measure CRS for frequency tracking purpose. 

Observation 2: A large number of warm-up subframes are required before the initial UE transmission timing.
Proposal 1: Evaluate on how many warm-up subframes are required before 

UE initial transmission in a DRX or eDRX_CONN cycle

PBCH/SI/Paging/PDSCH acquisition in connected DRX, eDRX_CONN cycle

PBCH/SI/Paging/PDSCH acquisition in idle mode, eDRX_IDLE cycle

Both CEModeA and CEModeB need to be considered.

Proposal 2: Companies are encouraged to provide CRS sampling rate and number of CRS needed for RSRP/RSRQ measurement and RLM. 
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