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1 Introduction

One of the objectives of the new work item on Even Further Enhanced MTC for LTE [1] is to introduce support for CRS muting. The exact objective is stated as follows:
	· 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 contribution, we discuss the possible impact the CRS muting may have on RRM requirements for UE category M1 and M2. 
2 Discussion
2.1 Background
In LTE networks, minimizing the inter-cell interference can help increase the chances that downlink higher order modulation (64QAM, 256QAM) can be utilized to increase the downlink throughput for users experiencing good coverage conditions. This is achieved Rel-15 WI by muting the CRS transmissions outside BL UE narrowband/wideband. However, the CRS signals are always transmitted in the center 6 PRBs. The CRS muting is applied except in following scenarios:
· Subframe containing the SIBs and the subframe(s) preceding SIBs. CRS transmission over the UE RF bandwidth might be needed for the UE to do the AGC and channel estimation. The number of subframes preceding the SIBs is also called “warm up” period, and more discussions and analysis are needed to decide its length. 
· Paging occasions and the subframe(s) prior to paging occasions. 
· Scheduled subframes and the subframe(s) in advance
· During connection set up from X subframe prior to Msg2 until DRX configuration is sent to UE.
· DRX ON-durations and the subframe(s) in advance
In addition to the “warm up” period that takes place before the occasions listed above, the may be need for a “cool down” period as well. CRS transmission over the whole UE channel bandwidth are also provided during this time. 

The CRS muting concept is illustrated in Figure 1 below where it is shown that CRS transmission will always take place in the center 6 PRS while they are also transmitted only over the UE RF bandwidth from time to time (e.g. in DRX ON durations, in warm-up and cool-down period). 
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Figure 1: CRS muting over time and frequency domain
2.2 Discussions

CRS muting for MTC was discussed in RAN1, and an LS was sent asking RAN4 to define 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
which are necessary for a network where all the UEs present are BL UEs supporting the new CRS muting capability signalling. 
In current measurement requirements in both IDLE and CONNECTED state, all RRM measurement requirements for all UE categories are specified based on the minimum bandwidth of 6 PRBs. This means the UE does not require a larger bandwidth to meet the RRM requirements. Nevertheless, the UE may still use the additional PRBs, if available and capable of measuring on increased bandwidth, for measurements to further improve their performance. 
Firstly, the scope of this work item shall be discussed.  In this WI RAN4 shall focus on developing the CRS muting support for only BL UEs although similar concept can be applied for non-BL UEs as well. But that work can be done under other work items (e.g. TEI). 
· Proposal#1: RAN4 shall focus on developing the CRS muting support for BL UE only under Rel-15 eFeMTC WI.

Below, we go through the different RRM procedures and discuss the minimum amount(s) of CRS and additional (X) PRBs outside the narrowband/wideband which are needed to meet the RRM core requirements.

2.2.1 Cell (re)-selection
The IDLE state mobility involves UE measuring and evaluating the performance of serving cell using the RSRP/RSRQ measurements. There are no performance requirements specified for the UEs in IDLE state since UE is not required to report any event or measurement to the network. The UE typically measures on 6 PRBs regardless of the maximum UE RF bandwidth and uses it for the evaluation based on neighbour cell measurements are triggered. The neighbour cell measurements are also performed on 6 PRBs. If the evaluation results in a suitable target cell, the UE then acquires the system information which also includes the system bandwidth information of the target cell before that target cell is re-selected. 
The samples for the measurements are typically taken in the DRX ON durations and then non-coherently averaged over number of samples (e.g. 5 or 10). From the description in section 2.1, it is noted that CRS signals are transmitted in both the center 6 PRBs and in the UE RF bandwidth (i.e. where the UE is being scheduled) during the DRX on durations. Hence, there should not be any problem to collect the samples during DRX ON durations once the receiver is warmed up. As also mentioned in section 2.1, CRS signals are also transmitted in subframe(s) prior to the DRX ON duration to allow the UE to wake up from a long OFF-duration and warm up the receiver (e.g. do the AGC,  AFC settings), and also in some subframes after the ON duration (known as cool down period). The duration of this period has to be discussed, and its length can be decided based on companies input. Therefore companies are encouraged to provide views of the time needed to warm up and cool down the receiver.

· Proposal #2: Companies are encouraged to provide their view on time duration needed to warm up and cool down the receiver before any DL operation (e.g. DRX ON duration, paging, SIB reading etc).
2.2.2 Other RRM procedures
Similar to IDLE state requirements, no RRM impact is expected on the other procedures as long as the CRS signals are transmitted also over scheduled UE bandwidth in the occasions listed in section 2.1. Similar to IDLE mode, the duration of the warm-up and cool down period needs further discussions. In table below we summarize the impact on the other RRM procedures.
Table 1 Summary of CRS muting impact on RRM procedures
	Cell (re)-selection
	No impact expected provided CRS are transmitted over UE bandwidth during the warm-up and cool down period.

	Handover
	

	RRC re-establishment
	

	CONNECTED mode measurements
	

	Random Access
	UE needs to time-tracking, and for this the minimum BW of 6 PRBs should be sufficient. However, if UE is provided with larger bandwidth, then tighter requirements shall apply.

	UE Transmit Timing 
	Minimum requirements based on 6 PRBs shall apply. If CRS over larger bandwidth is provided and UE is capable of that, tighter requirements shall apply. 

	Radio Link Monitoring
	No impact foreseen provided that CRS transmission are always provided during the warm up period. 



Observation #1: The expected CRS muting impact on RRM procedures are summarized as in Table 1. 
According to legacy procedure, the UE can perform the RRM measurements anytime in the UE RF bandwidth without using any gaps since they are always available. However, if the UE RF BW is less than the RF BW of the measured cell1 (e.g. the serving cell) and the reference signals are transmitted only in the center frequency, in this case the UE may need gaps also for the serving cell measurement. 
· Observation 2: UE may need measurement gaps to carry out serving cell measurement in some scenarios.
2.2.3 Uplink transmission impact
CRS muting is not expected to have any impact on the uplink signal transmissions. Specifically, we have identified following types of uplink transmissions:
· Random Access (RA)
· SRS 
· PUCCH

· PUSCH

The RA transmissions take place in some pre-defined occasions that is known to the network. Thus it is possible for the network to transmit CRS also over the bandwidth where the UE is being scheduled in the warm up period prior to RA occasions. 
The other three types of uplink transmissions (SRS, PUCCH, PUSCH) take place in resources allocated by the network. Thus it has information about exactly when such transmissions may take place, and it can provide CRS transmission over the UE scheduled bandwidth in the warm up and cool down period accordingly. 
In brief, we do not see any RRM impact on the uplink transmission due to CRS muting. 
· Observation #3: CRS muting is not expected have any adverse impact on uplink transmissions. 
Cat-M1/M2 operations also support HD-FDD operation, and in HD-FDD the UE switches between DL and UL mode. The DL and UL frequencies are often different, and UE needs to retune from DL to UL and vice versa. While the UE is in UL mode, i.e. retuned to the uplink frequency, there is no need to transmit CRS signals also in the downlink center-frequency during this time since UE will anyhow not be able to receive them. Muting the CRS transmission in the uplink subframes for HD-FDD UEs can thus result in reduced inter-cell interference as well as better usage of resources in the network.
3 Conclusion
In this contribution, we have discussed the CRS muting impact on different RRM procedures based on the received LS from RAN1. Based on the discussions, we have made following observations and proposals:
· Observation #1: The expected CRS muting impact on RRM procedures are summarized as in Table 1. 

· Observation 2: UE may need measurement gaps to carry out serving cell measurement in some scenarios.
·  Observation #3: CRS muting is not expected have any adverse impact on uplink transmissions. 

· Proposal#1: RAN4 shall focus on developing the CRS muting support for BL UE only under Rel-15 eFeMTC WI.

· Proposal #2: Companies are encouraged to provide their view on time duration needed to warm up and cool down the receiver before any DL operation (e.g. DRX ON duration, paging, SIB reading etc).
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