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1. Introduction

After RAN1 sent the LS on CRS muting for MTC to RAN4, we have discussed a lot on the CRS muting in order to derive the time/frequency mapping for CRS under muting. The LS asked RAN4 to act as follows under the scope that no legacy UE is considered.

	RAN1 respectfully asks RAN4 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.




Thanks to the previous efforts, we have reached the following agreements in RAN4#85 meeting [1] [2].

· RAN4 agreed with the necessary amounts of CRS for BL UEs as follows:
· Frequency domain
· X=1 for Cat-M1 (1.4MHz channel bandwidth)
· X=0 for Cat-M2 (5MHz channel bandwidth)
· Time domain (cat-M1)
· Cool-down
· Y=1 for CRS-based PDSCH transmission at the end of last narrowband transmission (both CEModeA and CEModeB)
· Y=0 for other cases
· Warm-up
· Y=1 before target MPDCCH and PDSCH narrowband (both CEModeA and CEModeB)
· Y=0 for other cases
For the remaining issues of cat-M2 CRS transmission bandwidth, options are raised as below for down selection.
· Option 1: 
· CRS transmission BW in the center frequency and corresponding UE timing requirements are defined as follows:
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· Option 2:
· 6  RB for eMTC cell that supports only CEModeA UE
· 24  RB for eMTC cell that supports both CEModeA and CEModeB UE
· Option 3:
· 12 RB
· Other options are not precluded.
Also in #86 meeting, RAN4 sent an LS to RAN2 on the agreements of the indication of the CRS muting by the network to UE, in which it also is captured that 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 PRBs.
In this paper, we prepare for the reply LS to RAN1 on the value of X corresponding to the number of PRBs outside the narrowband/wideband used by BL UEs for CRS from both demod and RRM perspectives. 
2. Discussion
2.1. Reply to RAN1
As per the agreements reached and the above analysis, we should draft the reply LS to RAN1 on the value of X corresponding to the number of PRBs outside the narrowband/wideband used by BL UEs for CRS. Since the bandwidths used by Cat-M1 and Cat-M2 UEs are different, we should have separate descriptions for the two categories.
In the reply LS to RAN1 we should draft from both RRM and demod perspectives:

RAN4 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 for Cat-M1 (1.4MHz channel bandwidth)

· X=0 PRB for Cat-M2 (5MHz channel bandwidth)

· Time domain

· Warm-up period (before the transmission)

· Y=1 subframe before the target MPDCCH and PDSCH transmission (both CE Mode A and CE Mode B)

· Y=0 for other cases

· Cool-down period (after the transmission)

· 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
· Y central PRBs are always-on CRS:

· Y = 6 for Cat-M1

· Y = 6 or 24 for Cat-M2

· Z PRBs are transmitted for CRS during warm-up period in the BL UE channel bandwidth:

· Z = 6 for Cat-M1

· Z = 24 for Cat-M2

· X corresponding to number of the PRBs outside the bandwidth used by BL UEs for CRS:

· X = 1 for Cat-M1

· X = 0 for Cat-M2

· Time domain
· Warm-up period before active time of DRX (e.g. DRX ON, MIB, paging, SIBx etc): 

· 1 DL subframe 

· Cool down period before active time of DRX: 

· 0 DL subframe
· Band scanning/initial cell search/CRS light up

· CRS transmission over full BW in N subframe(s) once every M subframes 

· N = 1

· M = 20
Proposal: The reply LS regarding to the necessary amount of CRS(s) under CRS muting for MTC is drafted according to the agreements reached in RAN4.

3. Conclusion
In this paper, we prepare for the reply LS to RAN1 on the value of X corresponding to the number of PRBs outside the narrowband/wideband used by BL UEs for CRS from both demod and RRM perspectives. 
Proposal: The reply LS regarding to the necessary amount of CRS(s) under CRS muting for MTC is drafted according to the agreements reached in RAN4.
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