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1	Introduction
A new WI [1] was approved in the June plenary addressing UE requirements for network-based CRS mitigation. The aim of the WI is to analyse the potential reduction in CRS transmissions from network side and how this may impact legacy UEs. The work shall cover both UEs in Idle mode and in Connected mode.
For the cases where CRS transmissions can be reduced RAN4 should then define associated UE requirements. If any impact on legacy devices is identified they should be addressed.
In this paper, we will look at the topics covered in phase 1 – i.e. when CRS muting can be applied by network and if/how this may impact the legacy UE procedures.

2	Discussion
In this section, we discuss the CRS muting and UE RRM measurements
2.1 CRS muting and RRM Measurements
From the very early days of LTE it was decided that E-UTRAN will transmit CRS in a continuous manner in time domain and over the full bandwidth of the cell.
Additionally, it was agreed that in order to reduce the UE impact from performing cell detection (and to enable UEs with minimum BW capability of 1.4MHz), the BW of the synchronization signal and PBCH would be limited to the 6 center PRBs of a carrier. To further reduce the impact from performing mobility measurements (and make the carrier BW agnostic) it was decided, that minimum UE requirements for neighbor cell measurement would be based on the CRS signals in the 6 center PRBs. As a result of these decisions the carrier and neighbor cell bandwidth information was not needed by the UE to perform neighbor cell measurements – and therefore not informed to the UE.
To enable wider bandwidth measurements while still ensuring that the UE would measure within the cell BW (without reading the neighbor cell PBCH), the UE could be provided with a parameter – AllowedMeasBandwidth – which informs the UE about a maximum allowed measurement bandwidth that can be applied on a given carrier. This parameter can be provided to UEs in both Idle mode and connected mode.
Understanding is that the AllowedMeasBandwidth parameter may be applied by the UE when UE is measuring neighbor cells on which it does not have any information about the cell operating bandwidth – i.e. in principle any neighbor cell, both intra-frequency and inter-frequency neighbor cells on the given carrier.
Observation 1: AllowedMeasBandwidth may be applied when measuring neighbor cells on the given carrier.
Observation 2: AllowedMeasBandwidth is not applicable for serving cell(s).
Based on these observation, it seems possible to mute CRS, except the inner 6PRBs, in general when it comes to neighbor cell RRM measurements. This is possible provided that the network indicates AllowedMeasBandwidth mbw6 (6PRBs) for all broadcasted and configured carriers to be measured. 
Observation 3: AllowedMeasBandwidth shall be set to mbw6 for all configured carriers to be measured.
However, RAN4 need to discuss the impact of muting the CRS beyond the 6 center PRBs if some legacy UEs are measuring serving cell using full BW CRS for serving cell measurements.
Proposal 1: RAN4 should discuss impact of muting other than the 6 center PRBs on a UE’s serving cell(s) RRM measurements.
One thing is UE DL measurements for RRM purposes. Another issue to address is the need for UE DL reference signals for DL reception and UL transmission of control and data in both idle and connected mode. This will be discussed next.


3	Conclusion
In this paper, we will look at the topics covered in phase 1 – i.e. when CRS muting can be applied by network and if/how this may impact the legacy UE procedures.
Observation 1: AllowedMeasBandwidth may be applied when measuring neighbor cells on the given carrier.
Observation 2: AllowedMeasBandwidth is not applicable for serving cell(s).
Observation 3: AllowedMeasBandwidth shall be set to mbw6 for all configured carriers to be measured.
Proposal 1: RAN4 should discuss impact of muting other than the 6 center PRBs on a UE’s serving cell(s) RRM measurements.
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