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1 Introduction
RAN4 has discussed RRM requirements for MTC UEs under CRS muting  for last few meetings, and good progress has been made. There are, however, some remaining issues that need more discussion and alignment among the companies. The agreements from last meeting are shown below: 
	· Initial cell acquisition
· Pre-provisioning of EARFCN isCRS transmissions are switched ON over full BW in 1 DL subframe 

· Option 1: every 20 ms
· Option 2: every 10 ms
· RAN4 found it beneficial for eMTC UE to have pre-provisioning of EARFCN for eMTC cell to facilitate initial cell search

·  beneficial irrespective of CRS muting but benefit is bigger when CRS is muted in the cell

· Warm up period
· Warm up period for UEs in CEModeB is defined as 1 DL subframe.

· CRS transmission BW for Cat-M2 in the center frequency 
· Option 1:
· CRS transmission BW in the center frequency and corresponding UE timing requirements are defined as follows:
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· Option 2:
· 6  RB for eMTC cell that supports only CEModeA UE

· 24  RB for eMTC cell that supports both CEModeA and CEModeB UE

· Option 3:
· 12 RB
· Other options are not precluded.
· Network signaling for CRS muting

· FFS whether eNB should indicate CRS muting and its associated location and timing information in cell-specific broadcast signaling

· Rel-15 UE can optimize receiver/transmit algorithm depending on whether CRS muting is enabled in the eMTC cell or not




In this contribution we present our view to address the open issues above and make our proposals.

2 Discussions 
2.1 Initial cell acquisition and signalling of muting information
RAN4 has agreed to turn on CRS transmissions over full bandwidth in 1 DL subframe every X ms in order to assist the UEs to do the initial band scanning. How frequent the transmissions are switched on is yet to be agreed, and currently there are two options which are every 20 ms and every 10 ms respectively.
At last meeting, RAN4 also agreed that pre-provisioning the EARFCN of the eMTC cell can facilitate initial cell search. The EARFCN information does not contain any CRS muting specific information. In our view, if CRS muting related information can also be communicated to the UE, this can lead to several important advantages. Firstly, the UE can detect the new cells faster. Secondly, this can lower the power consumption which is important specially for the IoT devices. We refer to [2] where the motivations to communicate the muting related information to the UE is explained. This information is certainly optional, but if used this can improve the performance a lot. The muting related information that we see can be useful is the frequency information such as EARFCN of the muted carrier, with location information and some timing information. In some cases, it can also be beneficial to include information about muting pattern. 
The problem of only communicating the frequency of the muted carrier is that it can also be misleading in certain scenarios. The use of muting can be dynamic, i.e. it can change over the time. For example, the same frequency bands can be used in various locations (rural area as well as urban areas), and UEs may move from one area to another area where CRS muting is no longer applied. Therefore, in our view, the frequency information such as EARFCN of the muted carrier could be provided together with location information and some timing information. In some cases, it can also be beneficial to include information about muting pattern.  The location information may tell the UE where (e.g. city, certain locations such as airports) the EARFCN is applied. The location information may also be coverage area information such as cell ID, PCI of the muted cell. The timing information may tell the UE for how long and from where (e.g. reference time) this communicated muting information is valid. The muting pattern information may inform the UE about for example the muted bandwidth, unmuted bandwidth, or muting pattern etc. These additional information makes the use of EARFCN of muted carrier in band-scanning process or any other process more reliable. This optional information can be communicated or signalled directly to the UE by e.g. the network. 

In our previous contribution in [2], we have explained the motivations to keep this periodicity at reasonable level to benefit from the CRS muting feature. We do also understand the motivations from the UE vendors to keep this periodicity short in order detect presence of new cells even faster and thereby reduce the power consumption. 
In our view, these two proposals are very much related and we see the possibility to keep the CRS light up frequency at 10 ms provided that the muting related information is communicated to the UE. Thus we make following proposals:

· Proposal #1: CRS transmissions are switched on over full BW in 1 DL subframe every 10 ms and CRS muting information (such as frequency, location, timing etc.), which is optional for the UE to use, is also communicated to the UE. 
2.2 Muted CRS transmission BW for category M2
Another remaining issue on CRS muting is the size of the CRS transmission bandwidth for category M2 UEs.  Four different options are under consideration as shown in section 1. Option 1 is our preference since it allows a balance between the achievable performance, UE requirement and supportable use cases.
For category M1 UEs, which support maximum downlink bandwidth of 6 PRBs, CRS transmissions are always provided over the center 6 PRBs. These are also called the guaranteed set of PRBs containing CRS transmissions or the muted bandwidth. But the transmission bandwidth of a category M2 UEs can be up to 24 PRBs. The discussion is on the number of PRBs to be used for transmitting the CRS continuously over the time, i.e. the number of PRBs in the muted bandwidth for category M2. The UE uses the CRS transmission to do the frequency-time tracking and the UE is required to meet a certain timing error requirement on the uplink transmissions. The timing error requirement (Te) depends on the downlink bandwidth. The current timing error requirement for category M2 UEs is defined as shown below [2]:

Table 1: Te Timing Error Limit
	CE Mode
	Downlink Bandwidth (MHz)
	Te_

	A
	1.4
	24*TS

	A
	5
	[12]* TS

	B
	1.4
	48*Ts

	B
	5
	[40]* TS

	NOTE 1:
TS is the basic timing unit defined in TS 36.211.

NOTE 2:
This requirement applies regardless of the downlink carrier bandwidth.


Table 1 shows that there is a clear relation between downlink BW containing CRS transmission and timing error. The timing error is reduced with increased bandwidth because UE can use more REs containing CRS to better estimate the channel. This means from a UE implementation perspective, larger downlink bandwidth containing CRS transmission is desirable. Nevertheless, in order to benefit from CRS muting and to reduce inter-cell interference to achieve good overall system performance, the fixed CRS transmission bandwidth should be kept as small as possible while allowing the core RRM procedures to be carried out as intended. Thus from a system perspective and to make this feature useful also for category M2 UEs, it is highly desirable to keep the fixed CRS transmission bandwidth at a reasonable number. This can be compensated for the UE by allowing some relaxation in the timing error requirement. 
It is noteworthy that some of the category M2 UEs may also operate under high velocity channel conditions. Under high velocity, the fixed set of PRBs where CRS transmissions are always guaranteed may need to be increased. We propose to increase the CRS transmission BW to 24 PRBs for high velocity UEs, and this increase should enable the UE to meet the Rel-14 cat-M2 timing requirements corresponding to existing 24 PRBs. It shall be noted that the UEs are always provided with CRS transmission over 24 PRBs in the warm-up period regardless of their speed. Our proposals can be summarized in Table 2 below.

Table 2: CRS transmissions BW for category M2 UEs under CRS muting

	CRS transmission BW in the center frequency
	CRS transmissions BW within UE BW in warm-up subframes [RB]
	UE Doppler frequency (V)
	Timing error (Te_)

	6 RBs
	24
	V < 220 Hz 
	12*Ts

	24 RBs
	24
	V ≥ 220 Hz
	12*Ts


· Proposal #2: For category M2 UEs, CRS transmissions in the center frequency and corresponding UE timing requirements are defined as in Table 2. 

3 Summary 
In this contribution we have discussed the remaining issues on RRM requirements for MTC UEs operating under CRS muting. Based on the discussions and observations, we have made the following proposals:

· Proposal #1: CRS transmissions are switched on over full BW in 1 DL subframe every 10 ms and CRS muting information (such as frequency, location, timing etc.), which is optional for the UE to use, is also communicated to the UE. 

· Proposal #2: For category M2 UEs, CRS transmissions in the center frequency and corresponding UE timing requirements are defined as in Table 2. 
· Table 2: CRS transmissions BW for category M2 UEs under CRS muting

	CRS transmission BW in the center frequency
	CRS transmissions BW within UE BW in warm-up subframes [RB]
	UE Doppler frequency (V)
	Timing error (Te_)

	6 RBs
	24
	V < 220 Hz 
	12*Ts

	24 RBs
	24
	V ≥ 220 Hz
	12*Ts
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