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Introduction
RAN4 has been discussing CRS muting for eMTC UE. In this paper, we discuss the remaining open issues of CRS muting for eMTC UE.
Discussion
CRS muting info for neighbor cell
RAN2 informed RAN4 that it has introduced the CRS muting info for the serving cell for eMTC UE [1], but CRS muting info for the neighbor cells are not introduced. According to LTE_1RX_CRS_IM WI, eMTC UE can support CRS IM functionality. For such UE, CRS muting information about the neighbor cells could be beneficial, e.g., UE may turn on/off its CRS-IM operation based on the CRS muting information of the individual cells provided by the network. 
Observation 1. eMTC UE capable of CRS-IM may attempt to cancel the non-existent CRS when the neighbor cell(s) enable CRS muting.
Proposal 1. CRS muting information for neighbor cells should be provided to an eMTC UE capable of CRS-IM.
Non-backward compatibility
In the last RAN4 meeting, it was agreed that legacy UE or a UE that does not support CRS muting should not be served or accessing to the carrier where CRS muting is used [2]. In our view, the similar non-backward compatibility should be ensured for eMTC carrier with CRS muting. This is because the legacy eMTC UEs do not necessarily use the center PRBs for its tracking loop. When some legacy eMTC UE that uses the CRS transmitted outside the center PRBs, e.g., CRS transmitted on its configured narrowband, such UE may experience substantiall performance degradation when the network mutes CRS outside the center 6 PRBs. It should be noted that the single warm-up subframe in the beginning of MPDCCH stated in [3] is for channel estimation and UE requires a larger number of subframes for the acceptable tracking loop performance. 
Observation 2. Legacy eMTC UE may use CRS from any narrowbands for its tracking loop, not necessarily from the center PRBs. CRS muting may cause substantially performance degradation to the legacy eMTC UE.
Proposal 2. Legacy eMTC UE should not be served or accessing to the eMTC carrier where CRS muting is enabled. 
As discussed in our companion paper [4], implementing the non-backward compatibility solution based on SIB may have some potential issue since such solution works only under the premise that the legacy UE not aware of CRS muting can reliably decode the SIB from the cell where CRS is muted. Therefore, from RAN4 perspective, we should not preclude any RAN1 or RAN2-based solutions and let RAN1 and RAN2 come up with the most efficient way to realize the non-backward compatibility of the CRS-muting enabled carrier. To this end, the corresponding draft LS to RAN1/2 is prepared in our companion paper [5].

[bookmark: _GoBack]Proposal 3. Send LS to RAN1/2 to introduce
· Network signaling to eMTC UE capable of CRS-IM for the CRS muting information of the neighbor cells
· Proper signaling/mechanism to ensure the non-backward compatibility of the eMTC carrier with CRS muting
Conclusions
In this paper, we discuss the remaining open issues of CRS muting for eMTC UE.

Observation 1. eMTC UE capable of CRS-IM may attempt to cancel the non-existent CRS when the neighbor cells enable CRS muting.
Proposal 1. CRS muting information for neighbor cells should be provided to an eMTC UE capable of CRS-IM.
Observation 2. Legacy eMTC UE may use CRS from any narrowbands for its tracking loop, not necessarily from the center PRBs. CRS muting may cause substantially performance degradation to the legacy eMTC UE.
Proposal 2. Legacy eMTC UE should not be served or accessing to an eMTC carrier where CRS muting is enabled. 
Proposal 3. Send LS to RAN1/2 to introduce
· Network signaling to eMTC UE capable of CRS-IM for the CRS muting information of the neighbor cells
· Proper signaling/mechanism to ensure the non-backward compatibility of the eMTC carrier with CRS muting
 
References
[1] R2-1806286, “Reply LS on signalling CRS muting information for Rel-15 efeMTC UEs,” Ericsson, TSG-RAN2 #101bis
[2] R4-1806016, “WF on RRM with network-based CRS interference mitigation”, Ericsson, Nokia, Nokia Shanghai Bell, TSG-RAN4, #86bis
[3] R4-1805953, “Reply LS on CRS muting in eFeMTC”, Huawei, HiSilicon, TSG-RAN4 #86bis
[4] R4-1806865, “Discussion on open issues in network-based CRS-IM RRM”, Qualcomm, TSG-RAN4 #87
[5] R4-1806871, “LS on eMTC CRS muting”, Qualcomm, TSG-RAN4 #87
8

4

