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1. Introduction
In RAN4 #86, RAN4 continued discussion on CRS muting on eMTC-dedicated carrier and agreed on the WF [1]. For initial cell search for eMTC UE, following was agreed.
	· Initial cell acquisition
· when UE has EARFCN pre-provisioning
· UE may assume that there is no full BW CRS transmission
· when UE does not have EARFCN pre-provisioning
· full BW CRS is transmitted in 1 DL subframe every TBD ms.  
· Muted CRS BW for category M2
· 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
· Category M1 transmit timing error requirements of 24*Ts applies for category M2

· 24 PRB
· If this indication is received, category M2 transmit timing error is defined as 12*Ts

· 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.


In this contribution, we discuss the remaining open issues on initial cell search for eMTC UE with CRS muting. 
2. Full bandwidth CRS Transmission Periodicity
For a UE that does not have the EARFCN pre-provisioning, full bandwidth CRS needs to be transmitted periodically in order to ensure an acceptable initial cell acquisition performance in the enhanced coverage scenario with low SNR as agreed in [1]. UE’s initial cell acquisition performance at the low SNR becomes more of an issue when the consistent CRS transmission happens only in the center 6 PRBs. Therefore, the minimum periodicity for the full bandwidth CRS transmission should be determined to guarantee the reasonable initial cell acquisition performance for such scenario. 
Proposal 1. Minimum periodicity for full bandwidth CRS should be determined to ensure a reasonable cell detection performance for a UE that is not pre-provisioned with EARFCN and under CRS muting with the continuous CRS transmission only in the center 6 PRBs.
Figure 1 shows the cell detection probability performance for initial cell acquisition in EPA5 fading channel in the presence of CRS muting with CRS being continuously transmitted only in the center 6 PRBs. It is shown that for the same 10% false alarm probability, full bandwidth CRS needs to be transmitted at least every 5ms in order to ensure the reasonable detection probability ≥ 70% at -10dB SNR, while the longer periodicity of 10 and 20ms results in much inferior detection performance. Based on the simulation result, we propose that full bandwidth CRS to be transmitted at least every 5ms when the network enables the CRS muting in the eFeMTC carrier.
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Figure 1. Initial acquisition cell detection probability at 10% probability of false alarm rate in EPA5 fading channel in the presence of CRS muting with different full BW CRS transmission periodicity 

Observation 1. In case of CRS muting with only center 6 PRBs continuously transmitting CRS, full bandwidth CRS transmission of periodicity 5, 10, and 20ms leads to the detection probability at -10dB SNR of 70%, 47%, and 35%, respectively, in EPA5 fading channel with the target false alarm probability of 10%.

Proposal 2. When CRS muting is enabled in eFeMTC carrier, full bandwidth CRS should be transmitted every 5ms to ensure a reasonable cell detection performance for a UE that is not pre-provisioned with EARFCN.
3. Signaling for Muted CRS Bandwidth

As agreed in [1], UE needs to be informed of the muted CRS bandwidth, in other words the number of PRBs in the central frequency where the CRS is consistently transmitted. Note that UE may have to assume the worst-case availability of 6 PRBs for its channel estimation, tracking loop, and AGC until it acquires the information about the muted CRS bandwidth. Therefore, providing such information in SIB may undesirably force the UE to operate with a sub-optimal SIB acquisition performance when the network always transmits 24PRBs. To this end, our view is that the muted CRS bandwidth information should be provided in MIB. Since there are only two possibilities of 6PRB and 24PRB, one-bit information should suffice to inform the muted CRS bandwidth.
Observation 2. UE will have to assume the worst-case muted CRS bandwidth with CRS being present only center 6 PRBs until it is informed by the network on the actual muted CRS bandwidth.

Proposal 3. Information about the muted CRS bandwidth should be provided in MIB, instead of SIB, in order to avoid the undesirable limitation on the UE’s SIB acquisition performance when the CRS is always transmitted in the center 24 PRBs. 
4. Conclusion

In this contribution, we provided further discussion on the remaining issues on the initial cell search for eFeMTC UE with CRS muting. Our proposals are
Proposal 1. Minimum periodicity for full bandwidth CRS should be determined to ensure a reasonable cell detection performance for a UE that is not pre-provisioned with EARFCN and under CRS muting with the continuous CRS transmission only in the center 6 PRBs.
Observation 1. In case of CRS muting with only center 6 PRBs continuously transmitting CRS, full bandwidth CRS transmission of periodicity 5, 10, and 20ms leads to the detection probability at -10dB SNR of 70%, 47%, and 35%, respectively, in EPA5 fading channel with the target false alarm probability of 10%.

Proposal 2. When CRS muting is enabled in eFeMTC carrier, full bandwidth CRS should be transmitted every 5ms to ensure a reasonable cell detection performance for a UE that is not pre-provisioned with EARFCN.
Observation 2. UE will have to assume the worst-case muted CRS bandwidth with CRS being present only center 6 PRBs until it is informed by the network on the actual muted CRS bandwidth.

Proposal 3. Information about the muted CRS bandwidth should be provided in MIB, instead of SIB, in order to avoid the undesirable limitation on the UE’s SIB acquisition performance when the CRS is always transmitted in the center 24 PRBs. 
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