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1. Introduction
In RAN4 #84 meeting, RAN4 discussed potential impact of CRS muting on eMTC/FeMTC UE’s RRM operation and agreed on the WF in [1]. For Cat-M1/M2 UE, following agreements were reached. 

· CRS is always transmitted over the center 6 PRBs

· For cat-M1/M2 UEs, CRS is also transmitted over the part of the cell bandwidth (1.4 MHz for M1, 5MHz for M2) 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 

· For Cat-M2 UE, 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

·  Whether CRS over full cell bandwidth is needed for frequency scanning is FFS.

In this contribution, we provide further discussion on open issues for CRS muting impact on eMTC/FeMTC UE’s RRM operation. 
2. Discussion
2.1. Warm-up and cool-down SFs for Cat-M1 UE
Warm-up SFs are needed for Cat-M1 before UL transmission (PRACH transmission, PUSCH transmission, SRS transmission, UL transmission gap) as well as DL reception (SIB reading, paging reception, MPDCCH monitoring, PDSCH demodulation). 
Before DL reception, UE relies on CRS for tracking loop operation, i.e., AGC, timing tracking and frequency tracking refinement. For PDSCH demodulation using CRS and CSI measurement within MPDCCH search space, warm-up SFs can also help enhance CRS channel estimation for better demodulation and CSI measurement performance. Before UL transmission, UE relies on CRS to determine UL transmit timing. Note that, UE might also take gap during UL transmission with large repetitions to refine transmit timing. 
For tracking loop operation, Cat-M1 UE can rely on CRS on center 6 PRBs which are supposed to be present in all DL SFs unless MBSFN SFs are configured. For example, before paging monitoring in idle mode, UE can wake up early for tracking loop refinement using CRS on center 6 PRBs before paging occasion and then retune to MPDCCH narrowband for MPDCCH monitoring. Similarly, before UL transmission, UE can determine transmit timing by measuring DL timing of serving cell from CRS on center 6 PRBs. 
Observation 1. Cat-M1 UE can rely on CRS on center 6 PRBs for tracking loop operation before DL reception and transmit timing determination before UL transmission. 
For channel estimation warm-up before MPDCCH search space and PDSCH demodulation, it seems that long warm-up is not feasible even without CRS muting due to narrowband hopping in eMTC operation. To avoid performance degradation in first SF due to complete lack of channel estimation filtering in time domain, we would like to propose Y1=1 warm-up SF before MPDCCH search space and PDSCH demodulation. 
Proposal 1. For Cat-M1 UE, CRS should be transmitted for Y=1 warm-up SF before MPDCCH search space and PDSCH scheduling SF on the same narrowband.
Proposal 2. For Cat-M1 UE, there is no need for warm-up SF before UL transmission since UE can determine transmit timing by using CRS on center 6 PRBs.
Regarding the need for cool-down SF, we would like to point out that existing narrowband hopping design for MPDCCH/PDSCH transmission assumes that UE needs to perform hopping within 2 OFDM symbol. This implies that UE cannot perform CRS channel estimation filtering for CRS symbols in next SF on last SF of narrowband hopping. Given that abrupt discontinuity in CRS filtering before narrowband hopping is baseline constraint in eMTC operation, we don’t see the need for cool-down SF in CRS muting. 
Proposal 3. For Cat-M1 UE, there is no need for cool-down SF.

2.2. Warm-up and cool-down SFs for Cat-M2 UE

Need for warm-up SF for Cat-M2 UE is same as Cat-M1 UE except that Cat-M2 UE requires 5MHz CRS bandwidth during PDSCH demodulation and before UL transmission.
For tracking loop operation before DL reception, we believe that UE can still rely on CRS on center 6 PRBs for AGC, timing tracking and frequency tracking refinement. Once UE completes tracking loop refinement on center 6 PRBs, it can retune to MPDCCH narrowband for MPDCCH monitoring. 
On the other hand, for determination of UL transmit timing, UE needs to have CRS over 5MHz bandwidth. Number of SFs necessary for determination of UL transmit timing is dependent on CEMode that UE is operating in but it could be very large for UE in CEModeB. Furthermore, for idle mode UE, eNB does not know exact operating condition of the UEs camped on the cell. Another aspect to consider is which 5MHz narrowband eNB should transmit CRS. eNB can transmit 5MHz CRS on target narrowband for PRACH/PUSCH transmission but it might lead to quite complicated CRS scheduling when there are multiple UEs in the cell. Alternative method is to transmit CRS in the center 5MHz so that all UEs can refine transmit timing on center 5MHz and then retune to target narrowband for UL transmission. If CRS is transmitted over center 5MHz, UE can also utilize it for tracking loop refinement for DL reception. 
Proposal 4. For Cat-M2 UE, CRS is always transmitted over the center 5MHz to help UE refine tracking loop and UL transmit timing. 
Need for warm-up and cool-down SF for Cat-M2 UE would be same as Cat-M1 UE, i.e., Y1=1 and Y2=0 for DL reception and Y1=Y2=0 before UL transmission. 
Proposal 5. For Cat-M2 UE, need for warm-up and cool-down SF is same as Cat-M1 UE, i.e., Y1=1 and Y2=0 before DL reception and Y1=Y2=0 before UL transmission. 

2.3. CRS for spectrum sensing
Frequency scan, where UEs try to sense the spectrum and figure out if a carrier is an LTE carrier or not, may often rely on the shape of the LTE spectrum. At the time of frequency scan, eMTC/FeMTC UE is not aware whether the carrier has muted CRS or not. If the carrier has muted CRS, then sometimes CRS would be present and some other times, it will be absent. The spectrum shape will dynamically change a lot. The dynamic change in the spectrum can cause significant challenge in spectrum sensing. UEs may end up classifying an LTE carrier as a non-LTE carrier. To assist UE’s spectrum sensing, we propose that even muted carriers should light up CRS for whole system bandwidth on one SF in every 5 SFs. 
One way to avoid the issue of spectrum sensing on muted carrier is to provide pre-provisioning of EARFCN of eMTC carrier so that UE can determine carrier frequency without spectrum sensing. 
Proposal 6. RAN4 should consider following options to address spectrum sensing issue. 

· Option 1: Light up CRS in whole system bandwidth on one SF in every 5 SFs

· Option 2: Provide EARFCN of muted eMTC carrier as pre-provisioning to the UE
3. Conclusion

In this contribution, we provided further discussion on open issues for CRS muting impact on eMTC/FeMTC UE’s RRM operation. Our observations and proposals are
Observation 1. Cat-M1 UE can rely on CRS on center 6 PRBs for tracking loop operation before DL reception and transmit timing determination before UL transmission. 

Proposal 1. For Cat-M1 UE, CRS should be transmitted for Y=1 warm-up SF before MPDCCH search space and PDSCH scheduling SF on the same narrowband.

Proposal 2. For Cat-M1 UE, there is no need for warm-up SF before UL transmission since UE can determine transmit timing by using CRS on center 6 PRBs.

Proposal 3. For Cat-M1 UE, there is no need for cool-down SF.

Proposal 4. For Cat-M2 UE, CRS is always transmitted over the center 5MHz to help UE refine tracking loop and UL transmit timing. 
Proposal 5. For Cat-M2 UE, need for warm-up and cool-down SF is same as Cat-M1 UE, i.e., Y1=1 and Y2=0 before DL reception and Y1=Y2=0 before UL transmission. 

Proposal 6. RAN4 should consider following options to address spectrum sensing issue. 

· Option 1: Light up CRS in whole system bandwidth on one SF in every 5 SFs

· Option 2: Provide EARFCN of muted eMTC carrier as pre-provisioning to the UE
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