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Introduction
The Rel-15 WI on ‘Even further enhanced MTC for LTE’ [1] has the following objective:
	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.



RAN1#88bis discussed this objective and sent an LS to RAN4 [2] with the following content:
	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.




RAN4#86bis sent a reply LS to RAN1 [3] with the following content:
	RAN4 would like to thank RAN1 for the LS and has discussed thoroughly on the necessary amount of CRS(s) and have reached the agreements as follows,

For UE demodulation perspective:

· Frequency domain
· X=1 PRB in addition to Z = 6 PRBs in the BL UE channel bandwidth for Cat-M1 (1.4MHz channel bandwidth)
· X=0 PRB in addition to Z = 24 PRBs in the BL UE channel bandwidth for Cat-M2 (5MHz channel bandwidth)
· Time domain
· Warm-up period 
· Y=1 subframe before the target MPDCCH and PDSCH transmission (both CE Mode A and CE Mode B)
· Y=1 subframe before active time of DRX (e.g., DRX ON, MIB, paging, SIBx, etc)
· Y=0 for other cases
· Cool-down period 
· Y=1 subframe for CRS-based PDSCH transmission at the end of the last narrowband transmission (both CE Mode A and CE Mode B)
· Y=0 for other cases

For RRM perspective:

· Frequency domain
· L central PRBs are always-on CRS:
· L = 6 for Cat-M1
· L = 6 or 24 for Cat-M2
· Band scanning/initial cell search/CRS light up
· CRS transmission over full BW in 1 subframe(s) once every M subframes 
· M = 10 when the number PRBs containing CRS transmission in the centre frequency is 6
· M = 20 when the number PRBs containing CRS transmission in the centre frequency is 24

Therefore, RAN4 asks RAN1 to kindly take the above information into consideration.




Furthermore, RAN4#86 sent an LS to RAN2 [4] with the following content:
	RAN4 has discussed CRS muting for Release 15 eFeMTC UEs. Based on the discussions, RAN4 conclusions are:
· RAN4 finds it beneficial that the network informs the Release 15 efeMTC UE information related to CRS muting in both RRC idle and RRC connected state, and the communicated information comprises:
· Whether or not CRS muting is enabled in the serving cell.

In RRC connected state the Release 15 efeMTC UE should be configured with CRS muting information for the target cell e.g. in handover command.

In addition, in a cell where CRS muting is applied, RAN4 agreed that CRS are always transmitted in the following number of PRBs in the centre of the cell BW:
· 6 PRBs, or
· 24 PRB
Therefore, there is a need for the network to inform UE about the number of PRBs in the central frequency of the cell bandwidth when muting is enabled.



RAN2#101bis sent a reply LS to RAN4 [5] with the following content:
	RAN2 thanks RAN4 for their LS on signalling CRS muting information for MTC UEs. RAN2 has discussed the topic and informs RAN4 on the following agreements: 

On network indication of CRS muting and the number of PRBs where CRS is transmitted:

· Introduce CRS muting enabling indication for the serving cell in SIB1-BR.

· Serving cell indicates the number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central cell BW in broadcast signalling if CRS muting is enabled. The CRS muting enabling indication is implicit with the indication of number of PRBs for CRS transmission.




For further details, see complete list of RAN1/2/3/4 agreements in [6].
Proposals
Proposal 1: Capture the following RAN4 agreements in RAN1 specification:
· For UE demodulation perspective:
· Frequency domain
· X=1 PRB in addition to Z = 6 PRBs in the BL UE channel bandwidth for Cat-M1 (1.4MHz channel bandwidth)
· X=0 PRB in addition to Z = 24 PRBs in the BL UE channel bandwidth for Cat-M2 (5MHz channel bandwidth)
· Time domain
· Warm-up period 
· Y=1 subframe before the target MPDCCH and PDSCH transmission (both CE Mode A and CE Mode B)
· Y=1 subframe before active time of DRX (e.g., DRX ON, MIB, paging, SIBx, etc)
· Y=0 for other cases
· Cool-down period 
· Y=1 subframe for CRS-based PDSCH transmission at the end of the last narrowband transmission (both CE Mode A and CE Mode B)
· Y=0 for other cases
· For RRM perspective:
· Frequency domain
· L central PRBs are always-on CRS:
· L = 6 for Cat-M1
· L = 6 or 24 for Cat-M2
· Band scanning/initial cell search/CRS light up
· CRS transmission over full BW in 1 subframe(s) once every M subframes 
· M = 10 when the number PRBs containing CRS transmission in the centre frequency is 6
· M = 20 when the number PRBs containing CRS transmission in the centre frequency is 24

Proposal 2: Assume that the following RAN2 agreements are captured in RAN2 specifications:
· Introduce CRS muting enabling indication for the serving cell in SIB1-BR.

· Serving cell indicates the number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central cell BW in broadcast signalling if CRS muting is enabled. The CRS muting enabling indication is implicit with the indication of number of PRBs for CRS transmission.
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