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1 Introduction
RAN4 has discussed the CRS muting for efeMTC for several meetings. In RAN4#85, a WF [1] for efeMTC RRM was agreed, and following are related to high speed support.
	· Initial cell acquisition
· CRS 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.
· 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


The remaining open issues for high speed support in efeMTC include
· CRS transmission for initial cell acquisition and pre-provisioning of EARFCN for eMTC cells
· CRS transmission in central PRBs for Cat-M2 UE

· Need to indicate CRS muting and its associated location and timing information in cell-specific broadcast signaling
In this paper, we will provide our views on CRS muting in efeMTC. 
2 Discussion
The issue of CRS transmission or lighting up for initial cell acquisition was brought up by some chipset vendors, since some UE implementation may rely on CRS transmission to determine the spectrum shape and thus the existence of an LTE cell on a specific frequency. If CRS is muted in time and frequency domain, the sensing of the spectrum may not work or UE may take more time to find the existence of the cell.
RAN4 has discussed how much CRS as minimum should be lit up to allow UE to do initial cell acquisition. In [1], the options were nailed down that for lighting up, CRS should be transmitted in full cell BW in one over X subframes, with X=10ms or 20ms. In our view, X=10ms will lead to too much CRS transmission to make CRS muting really meaningful from network point of view.
Also it’s not clear why UE cannot handle X=20ms considering that CRS muting is not expected to be supported by legacy Cat-M UEs. Of course, there might be some difference in e.g. how fast UE can acquire a cell with X=10 or 20ms, but considering that there is no UE requirement for initial cell acquisition, we do not see a fundamental problem to use X=20ms.

Proposal 1: For initial cell acquisition, CRS is transmitted in full BW in one subframe every 20ms.
The pre-provisioning of EARFCN for eMTC cells is another solution for initial cell acquisition. The main idea is that UE will be informed during manufacture phase about on which EARFCN there may be LTE cells deployed. Given the information, UE will not do spectrum sensing but the normal cell search on that EARFCN, so it is beneficial for the initial cell acquisition irrespective of CRS muting, but the benefit is bigger when CRS muting is used.
The benefit is clear at least for some UE implementations, but the question is whether this pre-provisioning has any standard impact. In our view, if operator has clear plan on which EARFCN LTE network would be deployed, it can tell this information to its UE vendors, and the UE vendors can take this into account during manufacture phase, and how to utilize this information is up to UE implementation, so nothing needs to be specified in standards to allow the pre-provisioning. 
Proposal 2: No need to standardize the pre-provisioning of EARFCN for eMTC cell.

For CRS transmission in central PRBs for Cat-M2 UE, there are 3 options in [1]:
Option 1 means network will transmit 6 PRBs if there is no high speed UE in the cell, and 24 PRBs if there is any high speed UE in the cell. As we commented before, network is not assumed to have any idea if there is any UE in high speed in the cell, especially the idle mode UEs, so in essence, network will decide whether to transmit 6 or 24 PRB CRS depending on whether the cell targeted for high speed operation or not. In our view, this is not a good approach.

If network does not target high speed operation, but there are some high speed UEs in the cell, the high speed UEs have to still live with 6 PRB CRS in the center. If high speed UE cannot work with 6 PRB in the center, option 1 does not work; if high speed UE can work with 6 PRBs in the center (which we believe is the case), it is strange why 24 PRBs should be transmitted if cell is targeting high speed operation. 

Of course, one logic could be that 24 PRBs in the center can benefit the high speed UE in terms of T/F tracking. Then it is a question why the same benefit is not applicable to normal speed UEs, or why high speed UE is required to meet a better timing accuracy than normal speed UE. It is also possible that network transmits 24 PRBs in the center even it is not targeting high speed operation, and all UEs in the cell should benefit in T/F tracking at the cost of larger CRS overhead.

Therefore, how much CRS is transmitted in the center should not be coupled with high speed support, instead a common assumption for all UEs is needed. This leads to option 2 or option 3. We understand the first bullet of option 2 is common understanding, so the only question is whether network should transmit 12 or 24 PRBs in the center if network is not ensured of no Cat-M2 UE. 

In our view, 12 PRB in the center should be a good compromise for UE power consumption and network overhead (gain of CRS muting). As the main concern in T/F tracking is the power consumption, we think with 12 PRBs in the center, UE is required to only meet the timing requirement defined for Cat-M1 UE.
Proposal 3: For Cat-M2 UE in a cell with CRS muting, CRS with 12 PRBs in the center is assumed, and UE is required to meet the timing requirement defined for Cat-M1 UE.

On whether there is a need to indicate CRS muting and its associated location and timing information in cell-specific broadcast signaling, we think a cell can broadcast if CRS muting is enabled or not in the cell, and UE can adapt its operations accordingly. However, we do not see the need for associated location and timing information, as it is clear that the cell specific indication is only about the setup in the cell. Also it’s not clear to us how one cell could know if CRS muting is enabled or not in other cells during certain time. 

Proposal 4: Network could indicate whether CRS muting is enabled or not in cell-specific broadcast signaling. No need to associate any location or timing information for this indication.
3 Conclusions 

In this paper, we provided our views on CRS muting in efeMTC.
Proposal 1: For initial cell acquisition, CRS is transmitted in full BW in one subframe every 20ms.
Proposal 2: No need to standardize the pre-provisioning of EARFCN for eMTC cell.
Proposal 3: For Cat-M2 UE in a cell with CRS muting, CRS with 12 PRBs in the center is assumed, and UE is required to meet the timing requirement defined for Cat-M1 UE.
Proposal 4: Network could indicate whether CRS muting is enabled or not in cell-specific broadcast signaling. No need to associate any location or timing information for this indication.
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