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1	Introduction
This contribution discusses the remaining issues on CRS muting for eFeMTC from the perspective of RRM requirements.
2	Agreements on CRS muting for RRM
The items below list the agreements on CRS muting for eFeMTC RRM. 
RAN4#84 (R4-1709085) 
	Agreements for Cat-M1
· CRS is always transmitted over the center 6 PRBs
· For cat-M1 UEs, CRS is also transmitted over the part of the cell bandwidth (1.4 MHz)where the UE reception is configured during following occasions:
· Subframe containing SIBs 
· Paging occasions
· Scheduled subframes
· DRX ON durations
· Configured MPDDCH monitoring 
· RACH occasions (e.g. during Msg 2/4 reception)
· FFS if additional CRS for CSI measurement in subframes outside the MPDCCH search space 
· CRS is transmitted over the UR RF bandwidth Y1 subframes before and Y2 subframes after the abovementioned UE RF transmission and reception occasions to “warm up” and “cool down”:
· Y1 is warm up time: Y1 is FFS
· Y2 is the cool down time: Y2 is FFS

Agreements for Cat-M2
· CRS is always transmitted over the center 6 PRBs
· For cat-M2 UEs, CRS is also transmitted over the part of the cell bandwidth (5 MHz)where the UE reception is configured during following UE reception occasions:
· Subframe containing SIBs  
· Paging occasions
· Scheduled subframes 
· DRX ON durations
· Configured MPDDCH monitoring 
· RACH occasions (e.g. during Msg 2/4 reception)
· FFS if additional CRS for CSI measurement in subframes outside the MPDCCH search space
· In addition, CRS is also transmitted over central 24 RBs within the cell bandwidth prior to following UE transmission occasions:
· Random Access
· SRS
· PUCCH/PUSCH
· CRS is transmitted over the UR RF bandwidth Y1 subframes before and Y2 subframes after the abovementioned UE RF transmission and reception occasions to “warm up” and “cool down”:
· Y1 is warm up time: Y1 is FFS
· Y2 is the cool down time: Y2 is FFS

Agreements for Cat-M1/Cat-M2
· Whether CRS over full cell bandwidth is needed for frequency scanning is FFS.
· Interested UE companies are encouraged to provide more information on the impact for frequency scanning due to CRS muting




RAN4#84bis (R4-1711868)
	Cat M1/cat M2 in CE Mode A: 
· Warmup 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 
Cat M1/cat M2 in CE Mode B: 
· Warmup period before active time of DRX (e.g. DRX ON, MIB, paging, SIBx etc): 
· TBD DL subframe 
· Cool down period before active time of DRX: 
· 0 DL subframe 
CRS in the center of cell BW for Cat M2:
· X central PRBs containing CRS are always transmitted
· Analyze value of X by taking into account:
· UE implementation aspects and
· System impact.
Band scanning/initial cell search for cat M1/cat M2:
· CRS Light up configuration: 
· CRS transmission over Y central PRBs within the cell BW in N subframe(s) once every M subframes 
· Y = FFS. Potential value of Y = full BW, other values are not precluded.
· N = 1
· M = FFS. Potential value of M = 5, 10 and 20 (one value will be selected based on investigation). 
· Investigate M and Y based on UE implementation and 
· System impact.
· Need of pre-provisioning of EARFCN of carrier with CRS muting is FFS




RAN4#85 (R4-1713854)
	Initial cell acquisition
· Pre-provisioning of EARFCN is CRS transmissions are switched ON over full BW in 1 DL subframe 
· Option 1: every 20 ms
· Option 2: every 10 ms
· RAN4 found it beneficial for eMTC UE to have pre-provisioning of EARFCN for eMTC cell to facilitate initial cell search
· beneficial irrespective of CRS muting but benefit is bigger when CRS is muted in the cell
Warm up period
· Warm up period for UEs in CEModeB is defined as 1 DL subframe.
CRS transmission BW for Cat-M2 in the center frequency 
· 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.
Network signaling for CRS muting
· FFS whether eNB should indicate CRS muting and its associated location and timing information in cell-specific broadcast signaling
· Rel-15 UE can optimize receiver/transmit algorithm depending on whether CRS muting is enabled in the eMTC cell or not
Measurements under high velocity
· Intra-frequency RSRP/RSRQ measurement (measurement period and measurement accuracy) and cell identification requirements under non-DRX for gap pattern ID#0 are reused under high velocity (up to 220 Hz Doppler spread).
· RAN4 shall study the corresponding requirements under DRX for next meeting (RAN4#86).
· UEs under high-velocity shall identify and measure cells on both serving and non-serving carriers
· FFS optimization of gap sharing allocation for high velocity UE
Information about high velocity operation
· FFS whether it beneficial to inform UEs about high velocity operation in a cell.
RSTD measurements
· When CRS muting is used with eFeMTC, CRS shall not be muted in PRS subframes within the UE bandwidth in the measured cell and the existing FeMTC RSTD requirements shall apply.
UE Rx-Tx measurements for E-CID
· For UE Rx-Tx time difference measurements, the existing requirements provided CRS are available within the UE bandwidth in the serving cell during the UE Rx-Tx measurement period. 
RSRP and RSRQ measurements for E-CID
· For RSRP and RSRQ measurements for E-CID, the same principles with respect to CRS muting apply as for general RRM measurements in RRC_CONNECTED.
Transmit timing retuning during UL transmission gap
· CRS transmission shall be assumed over center 6 PRBs during the UL gap for category M1
· CRS transmission shall be assumed over center 24 PRBs during the UL gap for category M2




3	Agreed issues and open issues
This section summarizes the agreements and lists the open issues. 
3.1	Warm-up/Cool-down
· Warmup 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
3.2	CRS transmission in the center of cell BW
3.2.1	Cat-M1
6 central PRBs containing CRS are always transmitted
3.2.2	Cat-M2
· 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.
3.3	Band scanning/initial cell search
[bookmark: _Hlk505953150]3.3.1	CRS Light up configuration: 
· CRS transmission over Y central PRBs within the cell BW in N subframe(s) once every M subframes 
· Y = full BW
· N = 1
· M = FFS.
· Option 1: every 20 ms
· Option 2: every 10 ms

3.3.2	Pre-provisioning of EARFCN is CRS transmissions are switched ON over full BW in 1 DL subframe 
· RAN4 found it beneficial for eMTC UE to have pre-provisioning of EARFCN for eMTC cell to facilitate initial cell search
· beneficial irrespective of CRS muting but benefit is bigger when CRS is muted in the cell
3.4	Network signalling for CRS muting
· FFS whether eNB should indicate CRS muting and its associated location and timing information in cell-specific broadcast signaling
· Rel-15 UE can optimize receiver/transmit algorithm depending on whether CRS muting is enabled in the eMTC cell or not
3.5	Measurements under high velocity
· Intra-frequency RSRP/RSRQ measurement (measurement period and measurement accuracy) and cell identification requirements under non-DRX for gap pattern ID#0 are reused under high velocity (up to 220 Hz Doppler spread).
· RAN4 shall study the corresponding requirements under DRX for next meeting (RAN4#86).
· UEs under high-velocity shall identify and measure cells on both serving and non-serving carriers
· FFS optimization of gap sharing allocation for high velocity UE
3.6	Information about high velocity operation
· FFS whether it beneficial to inform UEs about high velocity operation in a cell.

3.7	Positioning
· RSTD measurements
· When CRS muting is used with eFeMTC, CRS shall not be muted in PRS subframes within the UE bandwidth in the measured cell and the existing FeMTC RSTD requirements shall apply.
· UE Rx-Tx measurements for E-CID
· For UE Rx-Tx time difference measurements, the existing requirements provided CRS are available within the UE bandwidth in the serving cell during the UE Rx-Tx measurement period. 
· RSRP and RSRQ measurements for E-CID
· For RSRP and RSRQ measurements for E-CID, the same principles with respect to CRS muting apply as for general RRM measurements in RRC_CONNECTED.
· Transmit timing retuning during UL transmission gap
· CRS transmission shall be assumed over center 6 PRBs during the UL gap for category M1
· CRS transmission shall be assumed over center 24 PRBs during the UL gap for category M2

4	Summary
[bookmark: _GoBack]Proposal 1: RAN4 confirms the listed open issues and should strive to solve them in RAN4#86. 
Proposal 2: RAN4 sends the LS response on CRS muting to RAN1/RAN2 when all the open issues are solved. 
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