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1. Introduction

Progress has been made during the past few meetings on the signalling support for network-based CRS mitigation and the agreements from RAN4 #86bis are copied in the below box.
	· The CRS muting can only be enabled in cells on some dedicated carriers. Legacy UEs (Rel-14 or earlier UEs) or UE not capable of supporting network-based CRS interference mitigation shall not be served by and shall not be accessing cell(s) on the dedicated carrier where network-based CRS interference mitigation is used

· The signalling support for network-based CRS interference mitigation includes:

· Information from the network to make the UE aware of whether network-based CRS interference mitigation is enabled or not:

· The following SI information is needed at least for UE in RRC_IDLE:

· Network-based CRS interference mitigation is enabled or disabled in the serving cell

· NOTE: This information should be provided to the UE as early as possible

· In RRC_CONNECTED, the dedicated RRC signaling (e.g., neighCellsCRS-Info and neighCellsCRS-InfoSCell in TS 36.331) is enhanced to include an indication whether the network-based CRS interference mitigation is enabled or not in the serving cell(s), including PSCell and SCells, and one or more neighbor cells

· In RRC_CONNECTED, the UE should be configured with CRS muting information for the target cell e.g. in handover command



In this paper, we provide further discussions for the signalling support for either RRC_IDLE or RRC_CONNECTED mode with reduced CRS transmissions.
2. Discussion
2.1. Baring legacy UE

It is agreed in the last meeting that network-based CRS mitigation can be only enabled in dedicated carriers on which the legacy UEs or UEs that are not capable of this feature are not allowed to camp. That is to say, we should use baring information in order to make sure that the legacy UEs are not served by mitigation eNB.

Proposal 1: Baring information carried by system information is used to refrain legacy UEs from camping on the CRS mitigated cell.
2.2. Awareness of the mitigation
The UE awareness about the mitigation of the serving cell and neighbour cells should be guaranteed through signalling support. When in RRC_IDLE state, the information of whether the serving cell and neighbour cell is in CRS mitigation should be informed to UE in system information, so that the IDLE mode measurements can be carried out correctly. The information should be provided to UE as soon as possible after the initial access to the dedicated carrier for CRS mitigation. That is to say the information of mitigation of the serving cell should be carried in at least the SIB1 so as to enable fast awareness of the network-based CRS mitigation for the UEs. Only with the information indicated can the UE correctly perform random access, paging reception and SR transmission.
Proposal 2: CRS mitigation information carried by SIB1 is used to indicate the UEs about whether the CRS mitigation is enabled or not in the serving cell.
As for the neighbour cells, the ones with CRS mitigation enabled should be kept out of the intra- and inter- frequency neighbour cell list to save legacy UE energy from reading the MIB and SIB of the CRS muted cells. In that case the IDLE mode measurement shall not be carried out on such cells which great energy can be saved for legacy UE.
Proposal 3: Neighbour cells with enabled CRS mitigation are excluded from the neighbour cell info list of intra-frequency in SIB4 and inter-frequency in SIB5 for legacy UE.
When in RRC_CONNECTED mode, not only the serving cell information but also the mitigation information from neighbour cells should be informed to the UE in order that the RRM measurement can be performed with better efficiency. To inform the UE about the mitigation information of the neighbour cells, we should enhance the neighCellsCRS-info to carry such information. More importantly, the mitigation information of the target cell should be provided when configuring the UE with measurements for RRM. So that the connected mode measurements can be performed correctly. The following signalling support should be guaranteed in connected mode.
· Target cell CRS information in measurement objects

· Target cell CRS information in handover command

· Target cell CRS information in IC receiver configuration

2.3. RLM
In CONNECTED mode, network needs to ensure DRX implementation for CRS reduction where CRS are transmitted only on the inner six PRBs. During DRX_ON period in Radio Link Monitoring procedure, CONNECTED UEs need to measure RLQ through full-bandwidth CRS. 

In case of bad channel condition, CONNECTED UEs require full bandwidth CRS transmission even in DRX_OFF duration, otherwise that the network may suffer from a higher incidence of Radio Link Failure. Under such circumstances, the network should be able to decide that a certain channel condition is bad. Thus in order to guarantee fair UE measurement performance on the CRS, the network in such situations, should also be able to open full bandwidth CRS in case that the corresponding UE performs CRS-based measurement. Further, the full bandwidth CRS should be kept by the network for certain UE until the end of CONNECTED mode where timers T310 and T313 expire and RLF occurs. 
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Figure 1 Network should be able to decide that the channel is bad and open CRS

Proposal 4: Network should be able to decide when the radio link condition is bad either for uplink or downlink, and keep full bandwidth CRS until radio link failure occurs.
3. Conclusions
In this paper, we provide further discussions for the signalling support for either RRC_IDLE or RRC_CONNECTED mode with reduced CRS transmissions.

Proposal 1: Baring information carried by system information is used to refrain legacy UEs from camping on the CRS mitigated cell.
Proposal 2: CRS mitigation information carried by SIB is used to indicate the UEs about whether the CRS mitigation is enabled or not in the serving cell.
Proposal 3: Neighbour cells with enabled CRS mitigation are excluded from the neighbour cell info list of intra-frequency in SIB4 and inter-frequency in SIB5.
Proposal 4: Network should be able to decide when the radio link condition is bad either for uplink or downlink, and keep full bandwidth CRS until radio link failure occurs.
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