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1 Introduction
In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to improve spectral efficiency.
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.

· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).

· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.

· Note: There is no intention to lower the minimum required UE capability compared to UE category M1 as part of this WI, i.e. the UE shall still support a PUSCH transmission of 6 PRBs.

In this contribution, we discuss the CRS muting to increase spectral efficiency for MTC.
2 Discussion 
2.1 Impact of  CRS muting support 
In RAN1#88bis, the issue of supporting CRS muting is discussed, and the following is agreed :
For the network to take full advantage of the case where all the UEs present are BL UEs supporting this new CRS muting capability signalling, some minimum amount of CRS needs to be maintained in time and frequency to support:

· Cell PBCH/SI/Paging acquisition 

· Downlink channel measurements

· Time/frequency tracking

· Channel estimation for demodulation of PBCH/SI/Paging/PDSCH

· CQI estimation

Note that there are other Release-15 WI objectives which could have an impact on the above minimum amount of CRS, potentially leading to multiple minimum amounts of CRS being defined.
It is RAN1’s understanding that UEs that do not support this CRS muting capability can expect CRS as per legacy specifications.

It is RAN1’s observation that RAN4 is best positioned to define for a network where all the UEs present are BL UEs supporting the new CRS muting capability signalling, the:

· Minimum amount(s) of CRS 

· Value(s) of X corresponding to number of the PRBs outside the narrowband/wideband used by BL UEs for CRS.

In Rel-15 feMTC , reduced system acquisition time is one of the targeted enhancement for feMTC. Currently, CRS is also used for PBCH/SI in some UE implementation. It is expected muted CRS will have some impact on the acquisition time of PBCH/SI for these UEs. Therefore the impact of CRS muting should be evaluated for reduced PBCH/SI acquisition time requirement in Rel-15. 

Proposal 1:  Impact of  CRS muting on new PBCH/SI acquisition time requirement in Rel-15 should be evaluated .
2.2 Specification and UE implementation impact of enabling CRS muting 
First of all, the proposed solution is not backward compatible, i.e, in a system with any legacy Rel-13, Rel-14 eMTC UE, CRS muting outside eMTC narrowband is still not possible. Therefore, the applicability of the solution is only limited to pure Rel-15 deployment. 
To enable CRS muting the UE and eNB need to exchange certain signaling. First UE need to indicate this capability, then eNB also need to signal certain muting configuration outside eMTC narrowband. Bitmap can be used to indicate the CRS muting narrowband or PRB, as shown in figure 1, where ‘0’ indicate CRS muting. 
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Figure 1(a)
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Figure 1(b)

At this phase, further study is still needed to see if CRS can be completely muted outside MTC narrowband, as a lot of UE implementation may rely on certain outside CRS. Therefore it is not so helpful if the UE only indicate that it does not rely on CRS outside its narrowband. 

For the UE to indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs , necessary evaluation need to be conducted to decide the appropriate X value which have minimal impact on UE narrowband estimation. Also , as shown in previous sections, further studies are need to decide if the configuration is in the unit of  PRB or some other granularity like narrowband.
3 Conclusions
In this contribution, we have discussed the issue of CRS muting for eMTC. We make the following proposal:
Proposal 1:  Impact of  CRS muting on new PBCH/SI acquisition time requirement in Rel-15 should be evaluated .
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