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One of the objectives of the new Release 15 WI proposal on Even Further Enhanced MTC for LTE [1], is the improvement of spectral efficiency via the reduction of CRS transmission.
Improved spectral efficiency:
· Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
· Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.
In this document, we make discuss this objective and identify associated areas that may require specification effort.
Discussion
LTE supports multi-antenna transmission in the downlink using so-called antenna ports where each antenna port is defined by an associated reference signal. From the UE perspective, each antenna port thus corresponds to a transmit antenna. Transmissions from multiple antenna ports to a single UE are based on cell-specific reference signals (CRS). For each of the up to four cell-specific antenna ports (0-3), there is a cell-specific reference signal transmitted [TS 36.211]
Cell-specific reference signals are used by UEs for:
· cell search and initial acquisition,
· downlink channel estimation for coherent demodulation/detection at the UE,
· downlink channel quality measurements.
· time and frequency tracking
Given the current wording of this objective, support of the UE Capability for BL UEs is presumed and it is just for RAN1/2/4 to determine the details.  However, before committing to specifying a new CRS muting UE capability, we would appreciate clarifications for the following questions.
How much CRS must always be present to maintain backwards compatibility with current and legacy devices?
At present, we consider that the work item objective assumes backwards compatibility, since to assume otherwise, would most likely mean the creation of a new/lean carrier type [2].
Whilst devices can now assume CRS is transmitted in all non-MBSFN SFs all the time, that does not necessarily mean it is required by all devices to be present everywhere all the time.
For the network to take advantage of this new CRS muting capability and maintain backwards compatibility with both idle and connected mode legacy eMTC and non-eMTC UEs, some minimum level of CRS needs to be maintained to support cell PBCH/SI acquisition as well as downlink channel measurements and time/frequency tracking.   
Observation 1:	Specifying a minimum amount of CRS to maintain backwards compatibility with legacy eMTC and non-eMTC devices, should be considered as part of this work item objective.



Do we also need some additional CRS in the time domain for cross-subframe channel estimation?
Elsewhere in the efeMTC WID [1] there is an objective to improve the system information acquisition time. For that objective, cross-subframe channel estimation is commonly quoted [3] as a simple means to improve eMTC SI acquisition time.  So, whilst this specific work item objective focuses on defining CRS muting capability with a +/- X PRBs frequency margin, from a SI acquisition time perspective, it is also worth maintaining some additional CRS in the time domain to support faster SI acquisition times.
Observation 2:	Specifications for a minimum amount of CRS, should also consider the additional CRS in the time domain required to support cross-subframe channel estimation for faster eMTC SI acquisition times.

Conclusions
In this contribution, we have reviewed the work item objective relating to support of CRS muting UE capability and have the following observations:
Observation 1:	The work item objective should also include, specifying a minimum amount of CRS required to maintain backwards compatibility with legacy eMTC and non-eMTC devices.
Observation 2:	Specifications for a minimum amount of CRS, should also consider the additional CRS in the time domain required to support cross-subframe channel estimation for faster eMTC SI acquisition times.
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