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1 Introduction
Rel-15 WI “Even further enhanced MTC for LTE” [1] has been started in RAN4 since RAN4#84. For the objective if CRS muting, RAN1 discussed and agreed that RAN4 is best positioned to define the minimum amount of CRS when CRS muting is enabled by the network, and LS [2] was sent to RAN4.

Based on RAN1 questions in [2], RAN4 discussed in RAN4#84 the minimum CRS that network should provide in order to ensure Cat-M1 and Cat-M2 UE supporting CRS muting can work properly from RRM and demodulation perspective, and related agreements are captured in [3] and [4], respectively. For RRM, the agreements are:

	For Cat-M1

· CRS is always transmitted over the center 6 PRBs

· For cat-M1 UEs, CRS is also transmitted over the part of the cell bandwidth (1.4 MHz) where the UE reception is configured during following occasions:

· Subframe containing SIBs  

· Paging occasions

· Scheduled subframes 

· DRX ON durations

· Configured MPDDCH monitoring 

· RACH occasions (e.g. during Msg 2/4 reception)

· FFS if additional CRS for CSI measurement in subframes outside the MPDCCH search space 

· CRS is transmitted over the UR RF bandwidth Y1 subframes before and Y2 subframes after the abovementioned UE RF transmission and reception occasions to “warm up” and “cool down”:

· Y1 is warm up time: Y1 is FFS

· Y2 is the cool down time: Y2 is FFS

For Cat-M2

· CRS is always transmitted over the center 6 PRBs

· For cat-M2 UEs, CRS is also transmitted over the part of the cell bandwidth (5 MHz)where the UE reception is configured during following UE reception occasions:

· Subframe containing SIBs  

· Paging occasions

· Scheduled subframes 

· DRX ON durations

· Configured MPDDCH monitoring 

· RACH occasions (e.g. during Msg 2/4 reception)

· FFS if additional CRS for CSI measurement in subframes outside the MPDCCH search space

· In addition, CRS is also transmitted over central 24 RBs within the cell bandwidth prior to following UE transmission occasions:

· Random Access

· SRS

· PUCCH/PUSCH

· CRS is transmitted over the UR RF bandwidth Y1 subframes before and Y2 subframes after the abovementioned UE RF transmission and reception occasions to “warm up” and “cool down”:

· Y1 is warm up time: Y1 is FFS

· Y2 is the cool down time: Y2 is FFS

For both Cat-M1 and M2,

· Whether CRS over full cell bandwidth is needed for frequency scanning is FFS.

· Interested UE companies are encouraged to provide more information on the impact for frequency scanning due to CRS muting. 


In this paper, we will provide our further considerations on CRS muting for efeMTC. 

2 Discussion 
In this paper we analyse the implication of CRS transmission from network side, following the agreement in [3]. Based on [3], for Cat-M2 UE with capability to support CRS muting, CRS has to be available for the whole UE RF BW, i.e. 5MHz, when UE is performing RRM or control/data reception. 
As network does not know whether there is Cat-M2 UE with capability to support CRS muting in the cell, CRS has to be transmitted 

-
Always in the central 24 PRBs

-
Every SIB occasion with 24 PRBs

-
Every paging occasion with 24 PRBs

-
Every RACH occasion with 24 PRBs
In addition, after Cat-M2 UE with capability to support CRS muting gets in connected mode, network should transmit CRS for this UE

-
Every MPDCCH monitoring occasions with 24 PRBs, no matter if there is scheduling or not

-
Every PDSCH reception occasions with 24 PRBs

-
Every CSI measurement occasions with 24 PRBs 

Figure 1 shows an example of mandatory network CRS transmission following [3], assuming there is Cat-M2 UE supporting CRS muting in the cell, and the cell/system BW is 20MHz. We also assume the duty cycle for paging and data is very large (>400ms), and only two UEs are considered. 

[image: image1]
Figure 1: Illustration of network CRS transmission assuming Cat-M2 UE 
From Figure 1 it can be seen that the as long as network assumes Cat-M2 UE supporting CRS muting in the cell, following [3] the actual muting opportunity is quite limited. It should be noted that [3] is is in essence requiring network to ensure CRS availability as assumed by a legacy R14 Cat-M2 UE. The main reason was that chipset vendors may want to keep the change in implementation small for supporting CRS muting in R15, compared to current implementation of R14 Cat-M2 UE, in RRM functions (time/frequency synchronization, RLM, neighbour cell detection and measurement) and demodulation functions (channel estimation, CSI measurement).
Such a principle and requirement to network mean that opportunity for CRS muting is rather limited, so the gain from muting, in terms of network power saving and interference reduction, is not very attractive, even for 20MHz BW. In our understanding, Cat-M2 UE supporting CRS muting is a new UE to be implemented based on R15, and it is also clear from RAN1 that CRS muting is a non-backward-compatible feature (i.e. legacy Cat-M1 and M2 UE cannot access to a cell which has enabled CRS muting), so some better assumption on the mandatory CRS availability could be possible and should be discussed in RAN4.
Proposal 1: RAN4 to further check if better assumption on mandatory CRS availability can be made regarding Cat-M2 UE.
3 Conclusions 

In this paper, we provided our further consideration on CRS muting for efeMTC.
Proposal 1: RAN4 to further check if better assumption on mandatory CRS availability can be made regarding Cat-M2 UE.
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