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1. Introduction
In RAN4 #84bis meeting, RAN4 continued discussion on potential impact of CRS muting on eMTC/FeMTC UE’s RRM operation and agreed on the following as captured in adhoc meeting minute [1]. 

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 transmission 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-provioning of EARFCN of carrier with CRS muting is FFS
In this contribution, we provide further discussion on remaining issues on RRM impact of CRS muting. 

2. Discussion
2.1. Cool-down SFs for Cat-M1/M2 UE
In the adhoc discussion, it was agreed that Cat-M1/M2 UE does not need to have cool down SF both in CEModeA and CEModeB. We agreed to 0 cool down SF under the assumption that UE should switch to different narrowband for MPDCCH and PDSCH demodulation. However, when UE receives PDSCH transmission without narrowband hopping or last narrowband of PDSCH, UE can benefit from having 1 SF as cooling SF by doing additional filtering for CRS channel estimation. 
Proposal 1. For PDSCH transmission with CRS TM, eNB should provide 1 cool-down SF at the end of last narrowband transmission.

2.2. Warm-up period in CEModeB
For warm-up period in CEModeA, it was agreed that 1 SF is sufficient while warm-up period in CEMode is still TBD. Given that UE can do fine tuning for AGC, timing and frequency tracking on continuously transmitted CRS in center band, the remaining task for MPDCCH/PDSCH demodulation is channel/noise estimation on target narrowband. Channel/noise estimation task requires following two subtasks. 

· Large scale channel parameter estimation such as SNR, channel delay and delay spread, Doppler shift and Doppler spread
· CRS and DM-RS filtering for actual channel/noise estimation

For large scale channel parameter estimation, UE can obtain necessary information from CRS processing from center band since CRS in the center band and CRS/DMRS in target narrowband are supposed to be quasi-collocated (QCL). 
For CRS/DMRS filtering for channel estimation, UE might rely on time-domain filtering to improve the performance. However, the amount of filtering is limited by residual frequency offset as well as Doppler spread. For example, if there are 50Hz residual frequency offset, coherent filtering beyond 2 SF would not help channel estimation. Also, additional time-domain filtering using warm-up SF improve channel estimation performance for first 1~2 SFs. Given the situation, we would like to propose 1 warm-up SF also for CEModeB UE to simplify the design. 
Proposal 2. For CEModeB UE, eNB should provide 1 warm-up SF before target MPDCCH and PDSCH narrowband.

2.3. Center PRB CRS bandwidth for Cat-M2 UE
For Cat-M1 UE, it was agreed that eNB should transmit CRS on center 6 PRB continuously to facilitate RRM measurement and UE’s time/frequency tracking warm-up on DRX wake up. For Cat-M2 UE, continuous CRS transmission on center PRBs was agreed but exact number of PRBs is still FFS. 
To evaluate the impact of CRS bandwidth on tracking loop convergence performance, we ran simulation for frequency tracking loop for 6 PRB CRS and 24 PRB CRS. As shown in figure 1, with 24 PRB CRS, UE can achieve much faster frequency tracking compared to 6 PRB CRS. Faster convergence of time/frequency tracking loop implies that UE can take less warm-up time for, e.g., paging reception in idle mode, which will allow Cat-M2 UE to achieve lower power consumption and longer stand-by time. Considering that battery life is one of the most important metric for user experience, it is desirable to facilitate fast warm up by transmitting 24 PRB CRS in center band when there is Cat-M2 UE in the network. 
Proposal 3. For Cat-M2 UE, eNB should provide continuous transmission of center 24 PRB to allow fast warm up on DRX wake up. 
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Figure 1. Frequency tracking loop convergence of Cat-M2 UE
2.4. 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, other times, it will be absent. The spectrum shape will dynamically change depending on CRS muting. 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. We are proposing 5 SF as minimum since it can allow spectrum sensing performance similar to LTE TDD system. 
Proposal 4. RAN4 should consider following options to address spectrum sensing issue. 

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

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
Proposal 1. For PDSCH transmission with CRS TM, eNB should provide 1 cool-down SF at the end of last narrowband transmission.

Proposal 2. For CEModeB UE, eNB should provide 1 warm-up SF before target MPDCCH and PDSCH narrowband.

Proposal 3. For Cat-M2 UE, eNB should provide continuous transmission of center 24 PRB to allow fast warm up on DRX wake up. 

Proposal 4. RAN4 should consider following options to address spectrum sensing issue. 

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