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1 Introduction

At the RAN #75 meeting, a new work item (WI) on even further enhanced MTC (efeMTC) has been set to a working agreement. One objective of the WI is to improve the spectral efficiency [1]. To achieve this, one aspect to be optimized is the presence of CRS in certain frequency region: 
· 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.

The CRS muting is motivated by its benefits in power consumption reduction at the network side, and more friendly coexistence environment among cells by reducing the inter-cell interference. However, muting CRS may impact the UE performance, since there are less available RSs for channel estimation, time-frequency tracking and RRM measurement. Here, it is noted that even for BL UEs, there can be various implementations supporting larger than the indicated maximum channel BW, and such UEs can improve their channel estimation performance, demodulation performance, and RRM measurement accuracy using additional CRS beyond a 6-PRB NB or 25-PRB WB.
In this contribution, we share our views on the possible enhancements regarding the CRS muting in Rel-15 efeMTC, considering both the desire to allow more energy-efficient network operation and lower inter-cell interference, while minimizing any impact on UE performance. 

2 On the need of CRS and overall considerations for CRS muting
To begin with, we discuss the functions of CRS and investigate the aspects that need to be taken into account for the design of CRS muting. 

2.1 Functions of CRS

Recall that TMs 3-5, 7, 8 and 10 are not supported in eMTC. The various functions of CRS for eMTC in supported TMs are listed below:

· CRS is used for channel estimation for coherent demodulation of PDSCH in TMs 1, 2 and 6. 
· Moreover, only CRS-based measurement is supported for CSI measurement in eMTC. 

· Measurement based on CRS can also be used as the basis for cell-selection and handover decisions
· An additional function of CRS is to enable the UEs to perform time-frequency tracking and adjustments. This is especially critical for CE UEs in deep coverage subject to large amounts of coupling loss, which makes the time-frequency synchronization and tracking quite challenging and power hungry.
In short, having additional CRS REs beyond a NB/WB can significantly help those BL UEs in enhanced coverage that may support a wider RF and baseband. 
2.2 Constraints/Aspects to be considered for CRS muting
Note that the CRS muting is supported only for BL UEs that indicate that they do not rely on CRS outside of a certain BW. Whenever there are non-BL UEs or BL UEs without the capability for support of CRS muting, these UEs would assume the presence of wideband CRS and perform channel estimation, measurement and/or time-frequency tracking based on the wideband CRS transmission. To avoid performance degradation due to incorrect estimation and measurement, CRS cannot be muted in the cells with non-BL UEs or BL UEs that do not indicate that they do not rely on CRS outside of a certain BW. 
For BL UEs with the capability, UEs in both RRC_CONNECTED and RRC_IDLE modes need to be considered. For RRC_CONNECTED BL UEs, the frequency region where CRS may be muted can depend on the MPDCCH monitoring NB and PDSCH transmission resources, with the consideration of possible frequency hopping configured for the DL transmission. On the other hand, for RRC_IDLE UEs, CRS muting design should avoid the confusions on UE behaviour in the IDLE mode, e.g., either the CRS muting is not supported for these UEs or a default set of unmuted CRS REs needs to be defined or signalled. 
Moreover, CRS cannot be muted in PRBs carrying system information, e.g. MIB, SIB-BR and other SIBs. Considering the existence of non-BL UEs, the BL UEs configured with frequency hopping for their DL receptions and BL UEs in RRC_IDLE mode, and transmissions of system information, the possible time-frequency resources where CRS can be muted are quite limited, and thus the gain of supporting CRS muting is expected to be small, especially in systems with small system bandwidth (BW). Thus, it is preferred to not support CRS muting for systems with system BW no more than 5 MHz. 
Observation 1

· Having additional CRS REs beyond a NB/WB can significantly benefit those BL UEs in enhanced coverage that may support a wider RF and baseband.
Observation 2
· CRS should not be muted for cells with non-BL UEs or BL UEs without the capability for support of CRS muting. 
· Both RRC_CONNECTED and RRC_IDLE UEs need to be considered for CRS muting.
· Frequency hopping of DL transmission should be taken into account in the configuration of CRS muting. 
· UE behaviour in RRC_IDLE mode for use of CRS need to be well defined. 
· Considering the existence of non-BL UEs, BL UEs configured with frequency hopping or in RRC_IDLE mode, and transmission of system information, the possible time-frequency resources available for CRS muting are quite limited, and the gain of support CRS muting is expected to be small, especially with small system BW.
Proposal 1

· CRS muting is supported only for systems with system BW greater than 5MHz. 

3 Design of CRS muting
Though based on the above discussions, CRS muting applicable scenarios are limited, there is certainly room to further optimize the CRS transmission to make the network more energy-efficient and friendly in coexistence with other cells. In this section, we provide some design details for CRS muting.

As described in the WID [1], the configuration of CRS muting depends on the optional indication by the BL UEs. That CRS may be muted can be configured semi-statically by higher layer signaling. Detailed design on which frequency resources the CRS may be muted are discussed below. 
For CRS muting configuration from network perspective, transmission of MIB/SIB should be considered. As PBCH is carried in the central 6 PRBs, it is preferred to never mute the CRS in the central 6 PRBs and additional [X1] PRBs at the two sides of the central 6 PRBs to improve PBCH detection performance. Moreover, this can be used for RRC_IDLE UEs without need of indication on which part of the frequency domain CRS has been muted. Similarly, to improve the detection performance of SIB1-BR, the CRS always presents on the NB carrying the SIB1-BR and additional [X1] PRBs at the two sides of the NB, in subframes carrying SIB1-BR and [Y] valid DL subframes before the SIB1-BR transmission. Note that the frequency hopping of SIB1-BR needs be taken into account. 
For CRS muting configuration from UE aspect, both RRC_CONNECTED and RRC_IDLE BL UEs should be considered. 
For RRC_CONNECTED BL UEs, CRS should be present at least in the NB/WB containing the NB for MPDCCH monitoring and the PRBs allocated for PDSCH transmission, plus [X2] PRBs at the two sides of the PRBs/NB/WB. Note that the NB definition here follows Rel-13 eMTC that is non-overlapped, while the WB here can be overlapped. To improve the detection performance of MPDCCH/PDSCH, the CRS is not muted in corresponding frequency domain at least [Y] valid DL subframes before the starting subframe for MPDCCH monitoring or PDSCH reception, and during the subframes for MPDCCH monitoring and PDSCH reception.

For RRC_IDLE BL UEs, CRS should be present at least in resources where paging is to be monitored. Specifically, CRS should present at least during the paging occasion on the NB configured for paging monitoring and additional [X2] PRBs at the two sides of the NB. Similar to the RRC_CONNECTED case, the CRS is not muted in corresponding frequency domain at least [Y] valid DL subframes before the paging occasion (PO) and during the PO.
Note that, as mentioned in the Introduction section, though a UE declares itself as a BL UE, it can utilize wideband transmission of CRS to improve channel estimation, CRS based measurement accuracy, and time-freq. tracking, if it is actually able to receive over wider than 1.08 MHz or 5 MHz bandwidth. Thus, the values of [X1], [X2] and [Y] should be large enough to enable good UE performance, while at the same time still enables certain CRS REs to be muted for network power reduction and lower inter-cell interference.
Proposal 2
· Muting of CRS is configured semi-statically by higher layer signalling, depending UE capability. 
Proposal 3
· CRS is never muted in the central 6 PRBs plus [X1] PRBs at the two ends of central 6 PRBs in every valid DL subframe.
· CRS is never muted in the NB carrying SIB1-BR plus [X1] PRBs at the two edges of the NB in [Y] valid DL subframes before the SIB1-BR transmission and in the subframes carrying the SIB1-BR.
Proposal 4
· From the UE’s perspective, when in RRC_CONNECTED, CRS is not muted at least in the NB/WB containing the NB for MPDCCH monitoring and the PRBs allocated for PDSCH transmission plus [X2] PRBs at the two sides of the NB/WB, in [Y] valid DL subframes before the starting subframe for MPDCCH monitoring or PDSCH reception, and in the subframes for MPDCCH monitoring and PDSCH reception. 
· From the UE’s perspective, when in RRC_IDLE, CRS is not muted at least in the NB for paging monitoring plus [X2] PRBs at the two sides of the NB, in [Y] valid DL subframes before the PO and during the PO.
· If BL UEs indicating support of max channel BW of 5MHz are present or camping in the cell, then if CRS muting is applied, it may only be outside of certain WB plus [X2] PRBs.
4 Conclusion

In this contribution, we present our views on possible enhancements for CRS muting in Rel-15 efeMTC, considering the impact on UE performance and network energy efficiency. Based on the discussion presented, we summarize our observations and proposals as follows: 

Observation 1

· Having additional CRS REs beyond a NB/WB can significantly benefit those BL UEs in enhanced coverage that may support a wider RF and baseband.
Observation 2
· CRS should not be muted for cells with non-BL UEs or BL UEs without the capability for support of CRS muting. 

· Both RRC_CONNECTED and RRC_IDLE UEs need to be considered for CRS muting.
· Frequency hopping of DL transmission should be taken into account in the configuration of CRS muting. 
· UE behaviour in RRC_IDLE mode for use of CRS need to be well defined. 
· Considering the existence of non-BL UEs, BL UEs configured with frequency hopping or in RRC_IDLE mode, and transmission of system information, the possible time-frequency resources available for CRS muting are quite limited, and the gain of support CRS muting is expected to be small, especially with small system BW.
Proposal 1

· CRS muting is supported only for systems with system BW greater than 5MHz. 
Proposal 2

· Muting of CRS is configured semi-statically by higher layer signalling, depending UE capability. 
Proposal 3

· CRS is never muted in the central 6 PRBs plus [X1] PRBs at the two ends of central 6 PRBs in every valid DL subframe.
· CRS is never muted in the NB carrying SIB1-BR plus [X1] PRBs at the two edges of the NB in [Y] valid DL subframes before the SIB1-BR transmission and in the subframes carrying the SIB1-BR.
Proposal 4
· From the UE’s perspective, when in RRC_CONNECTED, CRS is not muted at least in the NB/WB containing the NB for MPDCCH monitoring and the PRBs allocated for PDSCH transmission plus [X2] PRBs at the two sides of the NB/WB, in [Y] valid DL subframes before the starting subframe for MPDCCH monitoring or PDSCH reception, and in the subframes for MPDCCH monitoring and PDSCH reception. 
· From the UE’s perspective, when in RRC_IDLE, CRS is not muted at least in the NB for paging monitoring plus [X2] PRBs at the two sides of the NB, in [Y] valid DL subframes before the PO and during the PO.
· If BL UEs indicating support of max channel BW of 5MHz are present or camping in the cell, then if CRS muting is applied, it may only be outside of certain WB plus [X2] PRBs.
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